AFRL-VA-WP-TR-2001-3054

AERODYNAMIC ANALYSIS FOR THE

DESIGN ENVIRONMENT (AANDE)
VOLUME 2: USER’S MANUAL

M. H. LOVE
D. D.EGLE

LOCKHEED MARTIN TACTICAL AIRCRAFT SYSTEMS
AIRFRAME AND INSTALLATION

P.O. BOX 748, MAIL ZONE 2824

FORT WORTH, TX 76101-0748

NOVEMBER 1999

FINAL REPORT FOR PERIOD OF 30 SEPTEMBER 1995 - 30 JUNE 1998

l Approved for public release; distribution unlimited. I

Reproduced From
Best Available Copy

AIR VEHICLES DIRECTORATE 2 0 0 1 1 1 3 0 0 0 9

AIR FORCE RESEARCH LABORATORY
AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OH 45433-7542



NOTICE

USING GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER DATA
INCLUDED IN THIS DOCUMENT FOR ANY PURPOSE OTHER THAN
GOVERNMENT PROCUREMENT DOES NOT IN ANY WAY OBLIGATE THE
UNITED STATES GOVERNMENT. THE FACT THAT THE GOVERNMENT
FORMULATED OR SUPPLIED THE DRAWINGS, SPECIFICATIONS, OR OTHER
DATA DOES NOT LICENSE THE HOLDER OR ANY OTHER PERSON OR
CORPORATION; OR CONVEY ANY RIGHTS OR PERMISSION TO
MANUFACTURE, USE, OR SELL ANY PATENTED INVENTION THAT MAY BE
RELATED TO THEM.

THIS REPORT IS RELEASEABLE TO THE NATIONAL TECHNICAL
INFORMATION SERVICE (NTIS). AT NTIS, IT WILL BE AVAILABLE TO THE
GENERAL PUBLIC, INCLUDING FOREIGN NATIONS.

THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION.

Vkanie G T el renty 77 Wy
VICTORIA A. TISCHLER TERRY M. HARRIS, Chief
Aecrospace Engineer Structural Design and Development Branch
Structural Design and Development Branch Structures Division

T T e
“DAVID M. PRATT, Technical Advisor

Structures Division
Air Vehicles Directorate

Do not return copies of this report unless contractual obligations or notice on a
specific document require its return



Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this coliection
of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports
{0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents shouid be aware that notwithstanding any other provision of law, no person shall be
subject to any penalty for failing 10 comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED /From - To)
November 1999 Final 30 Sep 1995- 30 Jun 1998
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Aerodynamic Analysis for the Design Environment (AANDE) F33615-95-C-3224

Volume 2: User’s Manual

5b. GRANT NUMBER

Sc. PROGRAM ELEMENT NUMBER

62201F
6. AUTHOR(S) 5d. PROJECT NUMBER
M.H.Love, D.D. Egle, Lockheed Martin Tactical Aircraft Systems 2401
5e. TASK NUMBER
TI

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Lockheed Martin Tactical Aircraft Systems REPORT NUMB?;M 4538

Airframe and Installation
P.O. Box 748, Mail Zone 2824
Fort Worth, Texas 76101-0748

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 70. SPONSOR/MONITOR'S ACRONYM(S)

Air Vehicles Directorate
Air Force Research Laboratory

Air Force Materiel Command
. 11. SPONSOR/MONITOR'S REPORT
Wright Patterson, AFB OH 45433-7542 NUMBER(S)

AFRL-VA-WP-TR-2001-3054-

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

Reproduced From

73. SUPPLEMENTARY NOTES Best Available Copy

14. ABSTRACT

This report is part of the documentations which describe the complete development of the "Aerodynamic ANalysis for the Design
Environment (AANDE)" . It is one of three manuals that comprise the final report. The remaining reports consist of the AANDE
Theoretical and Applications Studies Manual (Volume I) and the AANDE Programmer's Manual (Volume III). )

The objective of the AANDE effort was to establish high quality reliable airloads for multidisciplinary design in ASTROS. This
was accomplished by providing: a new steady linear aerodynamic procedure, alternate paths for the import of aerodynamic
influence coefficient matrices and nonlinear pressure data, and a general asymmetric maneuver trim procedure.

This user's manual documents updates to the ASTROS Version 12.0 User's Manual as well as user input requirements for
QUADPAN. The mofications to the User's manual include: the executive system and MAPOL, the solution control packet, the
input data stream, the bulk data packet, the QUADPAN model geometry, the QUADPAN dataset, and panel abutments.

15. SUBJECT TERMS
Aerodynamics, Analysis, Multidisciplinary Design, airloads, ASTROS, trim, asymmetric, QUADPAN, MAPOL

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |18. NUMBER [19a. NAME OF RESPONSIBLE PERSON
a. REPORT | b. ABSTRACT | c. THIS PAGE ABSTRACT gzces Victoria A. Tischler
U U U SAR 19bh. TELEPHONE NUMBER (/nciude area code}
226 937-255-9729

Standard Form 298 (Rev. 8/98)
Prescribed by ANS! Std. 239.18



THIS PAGE INTENTIONALLY LEFT BLANK

ii




TABLE OF CONTENTS
1. INTRODUCTION 1
2. THE EXECUTIVE SYSTEM AND MAPOL 3
2.1 CHANGES TO MAPOL 3
2.2 THE AANDE MAPOL PROGRAM LISTING 4
3. THE SOLUTION CONTROL PACKET 49
4. THE INPUT DATA STREAM 63
5. THE BULK DATA PACKET 65
6. QUADPAN MODEL GEOMETRY 101
6.1 INTRODUCTION 101
6.2 OVERVIEW OF MODEL DEFINITION 101
6.3 QUADPAN LATTICE 104
6.4 REPRESENTATION OF SURFACES WITH PANELS OF ELEMENTS 104
6.4.1 Division of Configuration Into Panels.................eeceeeerenieenirnieinaisnssrnsaeenns ..105
6.4.2 Contintity Of Panel MEsH ..............emirerceneenneriniriecsesesiicsssessssnsssessssssssssssssssssssesassasassens 105
6.5 PANEL AND LATTICE NOMENCLATURE 105
. 6.5.1 Panel And Image Panel IdentifiCQlion...................cceeeernenenesevcneerinencvnssenenssessssssssssessassoscss 105
6.5.2 PANEl SIPUCLUT ...........cveeeereeeeeaeeeenreresasssessessrssssesssosssssansasesssasantosssessacstrassissesessersorsonsesesseanensases 108
6.5.3 PNEI LALCE..........coveeeeeeenereeeereerarearcsseentonencsssemsartesesasensasantntessassessensststasssenmosessenssassaseanasssassans 108
6.5.4 Panel Edges And COPRer POIRIS ..............eeenreenennreietnsiseresnsise s sssssnssasssassssssssssasonssensacans 108
'6.5.5 Panel Element Array ............................ eeeeeeeesertesessereteatarsaeeasaeass s et s et et eatesnteesasreatene 111
6.5.6 “Positive and Negative” Panel SUTTACES.............. et sssstsssns s sssnees 111
6.6 LIMITATIONS AND RULES ON PANELS 111
6.7 OVERVIEW OF OPTIONS FOR GEOMETRY GENERATION 114
6.8 PANEL TRANSFORMATIONS 114
6.9 DEFINING PANELS WITH SECTIONS ..116
6.9.1 RECIANGUIAT SECLIONS ..........c.ccoeneenreeenvinirsneerennescstestosenasoreseatesetessssscssassnsssssesssssessensesasesnennanes 116
6.9.2 Cylindrical Sections eeseesesseessecssessssesesesesssssessserasesateseesteseesssateseseteantissmescesareonteesuines 116
6.9.3 RePEAIEA SECLIONS ..........couneeeenerarieeeararearersecsonsasstsasossansssssssensstesasssentosassassssssssasssssssnsasssmsssoncs 116
6.9.4 SeCtion TranSfOTMALIONS ..............uceeeeeereencrussevsesisiosessseneanessarencseesssensssssesssersasssssnsonsessasessssssesses 117
6.10 PANEL RESPACING 119
6.10.1 Representation Of Curves With Cubic Splines............ renrereeeseaesserereseresnastestanneenesss e ateatancen 119
6.10.2 Respacing Along Spline Curve............... rereresteseesreeseeesterraseseateneraeseses st eneaneanaesasans 121
6.10.3 Panel ReSPACING PTOCESS.........cooewereereeeererereeeeresnssasassssescerssssssssssesasessascssressssmsassssssnsssssenases 122
6.10.4 Cylindrical Sections And Panel Respacing ...............eeeecevsvsesvirrescrensrsressssssessessenessenesenns 127
7. QUADPAN DATASET 129
7.1 INTRODUCTION 129
7.2 INPUT DATASET STRUCTURE 129
7.3 GENERAL RULES FOR INPUT DATA 132
7.3.0 COMMENLS .....oneeeeeereeneeeereereeneeeeeeeeeaesseraeeeseecesesabastessssasentase st saesessasesnsseasentesmaserasestrosssasastsssen 132
7.3.2 K@YWOFAS ........coveereereeieserreenssraansanesosesssasessasesansassssassassasssensastesmassnsassasssensessasassssnsensesasonsessasnsesen 132
7.3 3 NUMEPIC DAL ........oeeenevecneaneanireecneeentesieniaesestesesaseasscsaseasasasensssssmssesssssasassasaessesseeneesestessasions 132
7.4 ADDITIONAL CONSIDERATIONS FOR INPUT DATA 133
7.5 SUMMARY OF KEYWORDS RECOGNIZED BY QUADPAN 133
7.6 GLOBAL DATA .....cocvonierirecnennesrssnssssnssscnssisessssasssssssssssessassssassnsssresssessessscssssssssssssssesssnsressanens 134

il




7.7 PANEL DEFINITION DATA 139

7.8 SECTION DATA 152
7.9 PROPELLER DATA Ceereeesesceransastissaesnensseasananes 160
7.10 SURVEY DATA 165.
7.11 EXAMPLE DATASETS ...166
7.11.1 Example 1 — Rectangular Wing...............meereerciercsieccnessssssenssssssensssssssssssassasansacsasasses 167
7.11.2 Example 2 — Rectangular Wing With RespaCIng...............civemnuiverreraessssnsasasssnsansansenscnns 173
7.11.3 Example 3 — Cylindrical FUSEIAGE ............oueveereeereeenenerecnenacessresesassssensssssssnassnsarssasens 179
7.11.4 Example 4 — Fuselage, Wing, and Tail....................uovuccuineceeecnennninirinisrarssssnessanssssssssnaneas 186

8. PANEL ABUTMENTS 205
8.1 INTRODUCTION S ..205
8.2 ABUTMENTS 205
8.3 RULES ON PANEL ABUTMENTS 205
8.4 AUTOMATIC ABUTMENT PROCEDURE 206

© 8.4.1 Abutment Search DiSIANCE..................cueneievnvirisenireinsisnsenseiscsssessssessssestssssssesessssssssmessessasases 206
8.4.2 Setting the ADUIMENT PAYGMELETS ........oo.eoucueeeeeeneriireineeccemneresecesseeresssssssnsssssssesssssssssesssasaes 207

8.5 USER-SPECIFIED ABUTMENTS 208
8.5.1 Application of User-Specified ADUIMERLS ................occuurreirminennccrensisensisissesirississsessesssssessonas 208

8.6 PANEL ABUTMENT EXAMPLE 210

9. REFERENCES . .213

v




LIST OF FIGURES

Figure 3-1 Steady Aerodynamic and Steady Aeroelastic Model Groups
Figure 3-2 STDYGEOM - Model Geometry & Connectivity

Figure 3-3 Overlay Base Aerodynamics, CFD,Wind Tunnel As Best Aerodynamics Using Type
RIGDALOD

Figure 3-4 RIGDALOD - Rigid Aerodynamic Loads

Figure 3-5 RIGDSLOD - Rigid Structural Loads

Figure 3-6 Assembly And Trim Solutions of Aeroelastic Equations
Figure 6-1 Generation of Mesh From User Defined Geometry...

Figure 6-2 Configuration, Panel and Element Hierarchy

Figure 6-3 Division of a Configuration Into Panels
Figure 6-4 Contiguous Panels and Elements

Figure 6-5 Panel Layout with Section and Point NUmMbering.......cececereeveeecrrcnsnnsniscscsncnranacans

Figure 6-6 Panel and Element Edge Numbering
Figure 6-7 Panel Layout with Element Numbering

Figure 6-8 Limitations On Panels..........cccoeccrinieinirmnciencncisiesisereesssssssssnssssnsasssscsasssasassnsssssansnas

Figure 6-9 Action of Locater Points
Figure 6-10 Section Transformations

Figure 6-11 Effects of Break Points On Spline Curve

Figure 6-12 Use of Spacing Intervals and Respace Curve

......

Figure 6-13 : Basic Spacing Distributions
Figure 6-14 : Blended Spacing Distributions

Figure 6-15 Panel Respacing in the K Direction

Figure 6-16 ' Panel Respacing in the J Direction
Figure 6-17 . Comparison of Rectangular and Cylindrical Sections

Figure 7-1 Flow Chart of Dataset Structure

Figure 7-2 Input Dataset Schematic
Figure 7-3 Global Coordinate System

Figure 7-4 Positive and Negative Panel Surfaces

Figure 7-5 Action of Locater Points.
Figure 7-6 Basic Spacing Distributions

Figure 7-7 Blended Spacing Distributions

Figure 7-8 Polar Axes for Cylindrical Sections

Figure 7-9 Propeller Axis Definition in Global Coordinates
Figure 7-10 Propeller Slipstream

Figure 7-11 Rectangular Wing

Figure 7-12 Layout of Panels
Figure 7-13 Example 1 Dataset (1 of 2)

Figure 7-14 Example 1 Dataset (2 of 2)

Figure 7-15 Rectangular Wing With Respacing
Figure 7-16 Example 2 Dataset (1 of 2)

Figure 7-17 Example 2 Dataset (2 of 2)

Figure 7-18 Cylindrical Fuselage

Figure 7-19 Mesh for Fuselage

Figure 7-20 Example 3 Dataset (1 of 3)

Figure 7-21 Example 3 Dataset (2 of 3)

......

Figure 7-22 Example 3 Dataset (3 of 3) .
Figure 7-23 Complex Test Case

Figure 7-24 Definition Wing/Body Intersection

Figure 7-25 Mesh for Test Case




Figure 7-26 Wake Geometry 191

Figure 7-27 Example 4 Dataset (1 0F 9) ......c.cocoveeecrereemsermensossesssesseseseresssarenes 196
Figure 7-28 Example 4 Dataset (2 of 9) ....... 197
Figure 7-29 Example 4 Dataset (3 of 9) 198
Figure 7-30 Example 4 Dataset (4 of 9) 199
Figure 7-31 Example 4 Dataset (5 of 9) 200
Figure 7-32 Example 4 Dataset (6 of 9) 201
Figure 7-33 Example 4 Dataset (7 of 9) 202
Figure 7-34 Example 4 Dataset (8 of 9) 203
Figure 7-35 Example 4 Dataset (9 of 9) 204
Figure 8-1 Operation of Abutmént Search 207
Figure 8-2 Swept Wing With Coarse Spanwise Paneling 209
Figure 8-3 Abutment Example 211
Figure 8-4 Example Abutments List 212

vi




LIST OF TABLES

Table 2-1 New Entity Name Types For MAPOL Character Variables 3

Table 3-1 ASTROS Aeroelastic Solution is Assembled From Aerodynamic and Aeroelastic Data
Groups 50
Table 7-1 Definition of Control Surfaces in QUADPAN 139

vii
{j1x




FOREWORD

The Air Force Research Laboratory initiated development of the Automated Structural
Optimization System, ASTROS, in 1983. Additional development work was conducted and completed in
1995 under contract F33615-87-C-3216. This document presents the user requirements for enhancements
to ASTROS developed under the Aerodynamic Analysis for the Design Environment (AANDE) contract
F33615-95-C-3224. This contract has been conducted by Lockheed Martin Tactical Aircraft Systems
(LMTAS) and their subcontractor Universal Analytics Inc.. Lockheed Martin Aeronautical Systems also
provided assistance to LMTAS in the AANDE program. Major contributors to the AANDE program
include M.H. Love, the Program Manager, D.D. Egle, and D.K. Barker from LMTAS and R. Coopersmith

from LMAS. From Universal Analytics, the major contributors were D.J. Neill, T. Shimko, S. Chen, and J.
San Marco.

This report constitutes changes to the ASTROS version 12.0 User’s Document (Ref. 1). It is one
of four documents generated under the AANDE program.

Dr. Ray Kolonay was the primary Air Force program engineer for the AANDE program. Dr. V.B.
Venkayya initiated the program and has provided much of the overall program direction.
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1. INTRODUCTION

The unique attributes of ASTROS (Ref. 2) hold great potential for savings in design time,
improvements in vehicle performance, and reductions in structural weight in aerospace vehicles. This
potential has been limited due to capabilities lacking in modeling and simulation of maneuver loads for
design. The overall objective of the Aerodynamic Analysis for the Design Environment contract (F33615-
95-C-3224) is to establish high quality, reliable loads simulation in ASTROS. The Lockheed Martin
Tactical Aircraft Systems team including Universal Analytics Inc. and Lockheed Martin Aeronautical
Systems accomplished this objective by providing a new steady linear aerodynamic procedure, alternate
paths for import of aerodynamic influence coefficient matrices and nonlinear pressure data, and a general
asymmetric maneuver trim procedure.

The program encompassed three main tasks:

1.0 Phase I - System Specifications
2.0 Phase II - Module Development and Prototyping
3.0 Phase I - "Seamless" Integration and Verification.

In Phase I, changes to the ASTROS modules, paradigms, and data structures were identified,
modeled, and tested against realistic scenarios of fighters, bombers, and transport aircraft. The results of
these exercises formulated the plans for the software development and verification and are documented in
the Software Design Guide (Ref. 3). '

In Phase II, individual modules were developed and tested with realistic test cases as well as
simple cases used for development. In Phase 111, the modules were integrated into ASTROS through the
memory manager, database, and MAPOL. Verification studies were performed simulating usage in a
preliminary design scenario.

The AANDE contract is documented through four reports, Software Design Guide (Ref. 3),
Programmer’s Report (this report), the Theoretical and Application Studies Report (Ref. 4), and the User’s
Report (Ref. 5). The Software Design Guide (SDG) was developed at the end of Phase I of the AANDE
program with the intention of defining requirements for ASTROS development beyond the original scope
of AANDE but within the scope of air-loads in the design process. Many of the requirements in the SDG
are implemented. The remaining documents are supplemental to the ASTROS version 12 documentation
(Ref. 6). Areas of modification are documented fully. The Programmer’s Report includes new and
maodified module descriptions and database entities.

The User’s Report includes updates to the ASTROS Version 12.0 User’s Manual (Ref. 1) as well
as user input requirements for QUADPAN. The modifications to User’s Manual include:

2. THE EXECUTIVE SYSTEM AND MAPOL
3. THE SOLUTION CONTROL PACKET

4. INPUT DATA STREAM

5. THE BULK DATA PACKET

6. QUADPAN MODEL GEOMETRY

7. QUADPAN DATASET

8. PANEL ABUTMENTS
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2. THE EXECUTIVE SYSTEM AND MAPOL

2.1 CHANGES TO MAPOL

MAPOL was modified in capabilities under the AANDE program. Also, the MAPOL solution
sequence was modified extensively. However the overall solution sequence structure was maintained.

New in this version of ASTROS is the concept that multiple databases may be used within a given
ASTROS run. This enables the ASTROS user to have aerodynamic data residing on multiple databases
and to mix and match data to assemble an aerodynamic model best suited to simulate the aerodynamic
characteristics of interest and obtain accurate air loads for multidisciplinary analysis. To enable this,
MAPOL needed to handle physical addresses of data independent of the runtime database as well as the
data itself.

MAPOL was modified to support the longer entity names implemented in CADDB changes.. This.
was done to facilitate the creation of “indexed” entity names in the aerodynamic model groups. Alsa,
the CHARACTER variable type is supported for the MAPOL language.

Declaration : - CHARACTER A, B, C;
Assignment A ="“string”;
Comparison  : IF A =“QUADPAN” THEN

IF A “QUADPAN” THEN
Argument Passing : CALL MODULE (A);

CHARACTER data types may be set in a module and passed out to MAPOL with an updated value--just
like other number variables.

Then, four new entity name types are listed in Table 2-1.

Table 2-1 New Entity Name Types For MAPOL Character Variables

<option> Description
GGMEMBER | Group entity type
RGMEMBER | Relational group member
UGMEMBER | Unstructured group member
MGMEMBER | Matrix group member

These are basically entity name “variables” rather than entity name “symbols.” The distinction is
that the variables can be set in the module and passed through the MAPOL calling sequence. Regular
entity names are static - once declared, they become a symbol rather than a variable name. The new
feature is used in naming the members of a group. The GGMEMBER type is a RELATION on CADDB,
but is denoted separately so that argument passing can perform the appropriate type checking. The other
types are just like their non-group counterparts.




2.2 THE AANDE MAPOL PROGRAM LISTING

The AANDE version MAPOL listing of the standard solution sequence is given in the following pages.

STAT LEVL

1 Li1§rers !

2 1!$ CSCIID <@(#) MC0083-MAPOLSEQ 12.49 15 JUL 1998 17:01:52> § !

3 11§eeng '

4 18 * heaeid hahdeiaidedebd * * west

S 118 EXECUTIVE SEQUENCE FOR ASTROS $!

6 18 . $!

7 1i§ees ¢ rew * . wee st

8 18 CONSTANTS FOR SDCOMP SET SINGULARITY MESSAGES H

9 11§~ e hdd rhew weeeSt
10 1! INTEGER SINGOSET, SINGASET, SINGLSET; !
11 1iGerwnraee it 11
12 18 VARIABLE DECLARATION SEGMENT H
13 13 » dadebdid hid we$t
14 1:$ $!
1s 1! INTEGER GSIZE, NDV, NITER, BC, BCID, !
16 1! RSIZE(1000), PSIZR(1000), GSIZEB, LASTITER; !
17 1!REAL CTL, CTLMIN; ¢
18 1!LOGICAL GLBCNVRG, APPCNVRG, PPLAG, GPRINT, LOADLDV, !
13 1! LPRINT, GPUNCH; 4
20 1!UNSTRUCT  DCENT, GRIDTEMP, SMPLOD; 4
21 1!RELATION  DESHIST, CONST, MPPARM, CONVERT, OCPARM, H
22 1! MFORM, GRID, SPOINT, BPOINT, SBQGP, !
23 1t BGPDT(1000), CSTW™, FORCE, FORCEL, MOMENT, H
24 1! MOMENT] , PLOAD, PLOAD2, PLOARD4 , GRAV, ¢
25 1! LOAD, BIGR, CONSTORD, ESAVE, !
26 1t TEMP, TEMPD, OPNLBUCK, ORULBUCK, !
27 1! CORD1C, CORD1R, CORD1S, - CORD2C, CORD2R, t
28 1! CORD2S, GPWGGRID, OGPWG, GRADIENT; !
29 1!RELATION IMPORT, ARCHIVE, OVERLAY, ASSEMBLE, DISASSEM; !
30 18 $!
31 118 * St
32 18 DECLARATIONS FOR MODULE MKUSET S
33 11§ve * . St
34 1:$ St
35 1!UNSTRUCT USET(1000), GPST(1000); !
36 1!RRLATION  SPC, SPC1, SPCADD, MPC, MPCADD, !
37 1! ASET, ASET1, OMIT, OMITL, SUPORT, !
38 1t JSET, JSET1, RBAR, RBE1, RBB2, RBE3, RROD; t
39 1!MATRIX {PGMN(1000) ], [PNSF(1000}], [PFOA(1000) ], [PARL{1000)], [TMN(1000)], H
40 1! {Ys(1000)); ) t
41 1!MATRIX [PGMNS (1000} ], [PNSPS(1000) ), [PPOAS (1000)], !
42 1! [PARLS (1000} ] ; t
43 18 $!
44 1i§ewwenn retovy A . $!
45 18 DECLARATIONS FOR MODULBS MAKBST, EMG AND NLEMG $!
46 1$ rhw $!
47 s S!
48 1!UNSTRUCT  TREF, DVSIZE, PCOMPS ; !
49 1!UNSTRUCT TRRFD, DVSIZED, DDVSIZE; 4
50 1!IUNSTRUCT KELM, MELM, TRILM; !
51 1!JUNSTRUCT KELMD, MELMD, TELMD, DKRLM, DMELM, !
52 1! DTBLM; 4
53 1!RELATION  CODMEM1, QDMM1EST, CROD, CONRQOD, RODBST, H
54 1! CSHERR, SHEAREST, CTRMEM, TRMEMBST, CMASS1, !
S5 1! CMASS2, MASSBST, comM, CONM1EST, coNM2, H
56 1! CONM2BST, CBAR, BERAMEST, CQUAD4, QUAD4BST, !
57 1! CIHRX1, IHEX1EST, CIHBX2, IHRX2EST, CIEEX3, H
58 1! ITHEX3EST, CRLAS1, CBLAS2, BLASEST, H
59 1! pcoMpP, PQDMEM1, PROD, PSHEAR, H
60 1! PTRMEM, PMASS, PELAS, PBAR, PBARL, ¢
62 1! PSHELL, PCOMP1, PCOMP2, PIHEX, MAT1, 4
62 1! MAT2, MATS, MATS, CTRIA3, TRIA3EST, !
63 1! DVTOPIE, DVIOPTP, DVTOPTL, SMATCOL, NLSMTCOL, !
64 1! EIDTYPE; !
65 1$ $t
66 1§ $t
67 s DECLARATIONS FOR DESIGN VARIABLES/CONSTRAINTS AND LINKING $t
€8 11!$ hd - hd seengy
€9 1$ $!
70 1!RELATION  DESELM, DESVARP, DESVARS, PLIST, ELIST, !
7 1! SHAPE, PLISTM, ELIST™, SHAPEM, SHPGEN; H
72 1!RRLATION DCONVM, DCONTW, DCONEP, DCONFT, DCONVMM, H
73 1! DCONTWM, DCONEPM, DOONFIM, DCONVMP, DCONTWP, H
74 1! DCONEPP, DCONFTP, DCONALE, DCONCLA, DCONFLT, ¢
75 1! DCONTRM, DCONSCF, DCONF, DCONSDE, DCONSDL; !
76 1!RELATION DCONDSP, DCOONFRQ, DCONTHK, DCONTH2, DCONTH3; !
77 1!RELATION DCONPMN, DCONLMN, DCONLAM; !
78 1!RELATION DCONBK, DCONBKE; H




131
132
133
134
135
136

165
166
167
168

1!'RELATION  GLBDES, DESLINK, TFIXED, LOCLVAR, DVCT, !
1! DVCTD, DDVCT; '
1!IMATRIX [PTRANS] ; !
11IMATRIX [PMINT], [PMAXT] , {SMAT] , {NLSMAT] ; '
11§ $!
1i1Grenvrrereny LA » * e renegy
11§ DECLARATIONS FOR OUTPUT FILE PROCESSING (EDR/OFP) $!
11§ Lk $!
118 1
1!RELATION  GRIDLIST, MODELIST, BLEMLIST, PREQLIST, TIMELIST, '
1t ITBRLIST, GDVLIST, LDVLIST, DCONLIST, PLYLIST, '
1t DENSLIST, MACHLIST, VELOLIST, CASELIST; t
1118 $!
1!'RELATION  GPFELEM, EOSUMMRY, EOBAR, EOELAS, BOHEX1, !
1 EOHEX2, EOHEX3, EOQDMML, EOQUAD4 , EOROD, 1
1! EOSHEAR, EOTRMEM, GPFDATA, EOTRIA3; . '
1!UNSTRUCT  RODISC; !
18 P $!
1!RRLATION  OGRIDLOD, OGRIDDSP, OLOCALDV, OAGRDDSP, OAGRDLOD ; H
1IMATRIX [FLUTMODE], [PTGLOAD], [PPGLOAD] , [PTHLOAD] , [PFELOAD] ; '
18 $!
Ligeweeren . bad . . i o st
118 DECLARATIONS FOR MODULES EMAl, KLEMAl, EMA2 AND GLOBAL $!
118§ MATRIX PARTITION/REDUCTION $!
1igeerreeerey - M st
118 st
1!UNSTRUCT  GENEL; '
1!IUNSTRUCT DKVI, DMVI, DKVIO, DMVIO, DKVIG, '
1 DMVIG, DMVID, DDMVI ; '
1!UNSTRUCT  DWGH1, DDWGH2; !
1!RELATION  GMKCT, GMMCT, GMKCTO, GMMCTO, GMKCTG, !
1! GMMCTG, GMMCTD, DGMMCT; !
1!MATRIX [RGG] , {xa] , [KFF], [KAA], [XLL), !
1! [MGG], {MNN] , [MPF], {MAA] , {MLL], !
1 {MRRBAR] , [MLR] , [KXES], (xss], [KOOINV(1000}}, !
1! . [GSUBO(1000) ], [KLLINV(1000)}, [MRR(1000)], !
1 {IMM(1000)]), [M1GG], [IPR(1000)], [KRR], [p(1000)), !
1! {KLR], (xaGe], [LES(1000)), [M2GG], [M00] , '
1t [m0R] , (X2GG], [MAABAR] ; H
1IMATRIX (T™MP1), {T™P2] ; H
1!MATRIX [PG), (PN], 24 [PA], !
1! [rol, {PLBAR] , 8238 fRHS (1000)], (UG(2000)}, !
1! [om, {ur), (uAl, furl, oMy, !
1t [AG(1000}], {AN], (AF], [AR], [AR], !
1! [AL], {wol, [ooo] ., {ps); !
1!LOGICAL M2GGFLAG, K2GGPLAG; '
118 $?
115w $?
11§ DECLARATIONS FOR SOLUTION CONTROL $!
pRE- $!
18 $!
1! INTEGER NUMOPTBC, NBNDCOND, MAXITER, '
1! MPS, MPE, !
1! ocs, OCE, '
11 PSDS, PSDE; '
1! INTEGER BLOAD, BMASS, BMODES, BSAERO, BFLUTR, !
1! BDYN, BDRSP, BDTR, BMTR, EDFR, !
1! BMFR, BGUST, BBLAST, NMPC, NSPC, !
1! NOMIT, NRSET, DMODES ; !
1!REAL MOVLIM, WINDOW, OCMOVLIM, ALPHA, CNVRGLIM, !
1t NRFAC, BPS, FDSTEP, K6ROT, TOLVALUE; !
1!RELATION JOB, OPTIMIZE, CASE; !
118 $!
1rgee * wevaers)
11§ DECLARATIONS FOR SENSITIVITY EVALUATION $!
118 * $!
118 st
1! INTEGER DDFLG, NACSD, NAUS, NAUA ; !
1!LOGICAL ACTBOUND, ACTFLUT, ACTDYN, ACTARRO, ACTAEFF, '
1! ACTUAG, ACTUAGG, ACTPNL, ACTBAR; '
1!UNSTRUCT PCAS, PRAS, PCAA, PRAA, PCAE; ]
1!RELATION  PDLIST; '
1!MATRIX {DFDU] , {PGAS], (oGal, (DOG] , {DMUG] . ¢
1! [DPFV], {pPOV], [DPHV], (DPAV], {puav], !
1! [DUAD) , [DUFV], [AGA], (AMAT) , {DXUG], 4
1! [(oPGV], {DPLV], [DURD] , [DULD), {ooLv], t
1! [DDELDV], {DPRV], [DRES] , {DFDUF] , {PGAR] , !
1! [DFDUN] , [DMAG] , {DMON] , [DMUF) , {DMUA) , !
1! {pMuoO] , {oMuL] , {DMUR], {oMU) , {or1], !
1! foxav], [AUAGC] , {DURV] , [BPPSENS], [puiL], t
1t [DU1R] (DU2], {LHSL}, fLHsv], [PGAU] , t
1! [DFSV], [SBNSMT] ; !
11IMATRIX [GLBSIG], (DPTRVI], [DPGRVI], [DPVI) ; '
11IMATRIX [NLGLBSIG), [DPTHVD], [DPGRVD] , [DDPTHV] , [DDPGRV] ; '
18 $t
118 e et St
118 SUBSTRUCTURING ENTITIES s
1i6* $t
11§ !
1!'REAL RSYM; 1
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1!LOGICAL STRSYM, SYMTRN (1000}, ACTUAGGI, ACSMTR (1000) ; '
1!LOGICAL NEWITER; !
1!RELATION  RELRES; '
1!MATRIX (HFREALT(1000)]),  [HFIMAGT(1000)}]; '
1!MATRIX [HFREAL (1000} ], [HFIMAG(1000)]; !
1!MATRIX [HTKFHR] , [HTKFHI], [KFPX] ; !
1IMATRIX [HTMFER] , {HTMFRI] , [MFFX] ; !
1!MATRIX [HFRTPF) , {RPITPF], [PPX]; !
1!MATRIX [HRGTKF], [HRGSTKF],  [HRGPTKF], [AFX]) ; !
1!MATRIX [HIGTKF] , {HIGSTKF],  [HIGPTKF], {orx], [UAFX] ; !
1!MATRIX [GPTKFX] , [AICS1], [AICS2], {azCs3], [ATCS4]) ; '
1!MATRIX [GSKFHRT},  [GSKFHIT], [AICSUM], [AICDIF], [AAFX] ; '
1!MATRIX [HRDPFV] , (HIDPPV] , [DPFVX] ; !
1!MATRIX [HRDMUF] , [HIDMUF) , [DMUFX] ; !
1!MATRIX {PGMNX (1000} ], [PNSFX(1000)], {UAFCX (1000) ] ; !
1!MATRIX [PFOAX (1000) ], [PARLX(1000) 1, [AAFCX (1000) ] ; !
1!MATRIX [RGBDMG] , [DUFVX], [DO¥PVL] ; !
1!MATRIX , [UAFI), [AAFI], [UAPCI (1000) ), [ARFCI (1000) ) ; '
1IMATRIX [UANI), [AANT], [UANCI (1000) ], [AANCI(1000)]; !
1 IMATRIX [UAGI(1000}), [AAGI(1000)}, [UAGCI(30,33)], [AAGCI(30,33)]; !
1!MATRIX [GLBSIGI], [NLGBSIGI] ; !
1!MATRIX [UGAI], [AGAI], [AUAGCI] , [AAAGCT] ; !
1!MATRIX [DKUGI], [DMAGT] , [DPGVI], [DMUGY) ; H
1!MATRIX [DENVI), [DMUNI], [DPFVI], {DMUFI] ; !
1!MATRIX [pPDOUII, [DFDUNI], (DFDUPI], [DFSVI) ; !
1!UNSTRUCT  USETX(1000); '
1!UNSTRUCT  PRAAI; !
1!$ 1]
18 seavers TR RN RTRNRNS I CRRG
118§ AERODYNAMIC ENTITIES §t
18 v ererrsRvITETEIINNSE $1
11§ : $!
1!CHARACTER METHOD, QP, Uss; '
1!CHARACTER MODEL; !
1!GGMEMBER  SAMODEL, SARMODEL, STDYGEOM, RIGDALOD, AICMAT, '
1t SPLINE, FLEXLOAD, RIGDSLOD; '
1!RGMEMBER  REFPARAM, ABROGRID, CARROBOX, SAGEOM, SACOMPS ; '
1!MGMEMBER  (AIC], [an1c], [ASAIC), [AIRFRC], [GTXG], '
1! {GSTXG] , [GPTXG] , {FLXFRC], [FLXDEF], {SLPPRC]) ; '
1!MGMEMBER  {KRBALK], [KIMAGK] , {KIMAGP] , [KIMAGS] ; !
1!MATRIX [KREALT] , [KIMAGT) ; !
118 $!
1! INTEGER SYM, AICSYM, MINDEX, SUB, s, !
1t CASEID; !
1! INTEGER SUBF; !
1!REAL QDP, MACH; !
1!LOGICAL LOOP, GOAERO, GOSPLINE, ABFLG (1000) ; !
1!LOGICAL SAROONLY, NEWMODEL ; '
1!UNSTRUCT  ACPT, UNMK; '
1!RELATION  AESURP, AIRFOIL, AEROS, ABPACT, AXSTA, '
1! BODY, SPLINB1, SET1, SET2, ATTACH, !
1! TRIM, ARRO, BLAST, CABROE, PABROSG, '
1! GEOMSA, ARCOMPS, CAERO1, PAERO1, '
11 CAEROZ, PAERO2, MKAERO1, MEKABRO2, FLUTTER, !
11 FLPACT, CLAMBDA, CONBFFS, CONLINK, GBOMUA, !
1t ARCOMPU, SPLINE2, CONEFFF, ABROGEOM, CAROGEOM, !
1t AERUGEOM, CAROUGEO, TRIMDATA; . H
1!RBLATION  STABCFA, STABCPS, SLPARM; '
1!LOGICAL DOTRMCON; '
1!LOGICAL FULAERO; '
1:$ §!
1!RELATION  SPLINR3, PANLST1, PANLST2 ; '
e m e e e et cccecceecccccccaccscscecncmm——————— $!
1!$ PROVISION POR INCREMENT LOADS CALULATION '
1!LOGICAL YBSAERO, YESUDEF; !
1!RELATION  TRIMTOC; '
1!UNSTRUCT  TLABBL; '
1!$ MATRICES CREATED FOR THE ARRODYNAMIC DOMAIN !
1!MATRIX [AEROLOAD) ; '
1IMATRIX [SAROLOAD], [ACCELOAD), [UDPALOAD] ; !
118 !
1!$ MATRICES CREATED FOR THE STRUCTURAL DOMAIN st
1!MATRIX [GPTXN] , [GPTXP] ; !
118 : $!
1!MATRIX [UDGFORCE], [UDNFORCE], ([UDFFORCE], [UDFFORCX], [ACCFORCE]; !
1!MATRIX [PAFX] ; '
1!MATRIX {AIRPORCE] , '
1 (AICS], [KAPE), [PAF], [KAAA], [PAR], !
1t [GASUBO (30, 33)1, [sKkJ1, [D1JK], [D2JX}, !
1! [KARL], [R11], [K21(30,33)], (PARBAR], [PAL], '
1t [PAR(30,33)], [K1112(30,33)], (x22], !
1! [GTKN] , {GTKF] , [GSTKN] , !
1t {GSTKF] , [GSKF] , [UGTXG] , [OGTKN] , [UGTKF], !
11 [OGTKA) , {oGTXO) , {UGTKAB] , [AI1TD), {KARR], '
1! [R12(30,33)], [R22], {R32(30,33)1, [K11], {K12(30,33)], '
1! te11, {rR21(30,33)], {R31(30,33)], {RL11(30,33)}], !
1t (RU12(30,33)], p2], [MARA], [IFMA(30,33)], !
1! fR13(30,33)], {R33], [DELC) , (PRIGID], [
1t {AARC], [ARR] , [AAA(1000)], [UAA(1000)}, [AAAGC], i
1! [PRO(1000}], [AAFTMP], [UAFTMP) , [UAN] , [AAN] , !
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1t {UAG(1000)), [AAG(1000)}, [AAL], {AAF], [UAF], !
1! [KOOL(30,33)}, [KROOU(30,33)], {LESA(30,33)], t
1! [POARO(30,33)), {KAO(30,33)], {UAR], [RHSA(30,33)], !
1t [DELTA(1000) 1, {PAOC{1000) ], [UAAC(2000)}), [AAAC(1000)], '
1! [UAFC(1000) ), [UANC(2000)], {URGC(30,33)1, [AAFC(1000)], '
1t [AANC(1000) ], [AAGC(30,33)], {KL11(30,33)), [KU21(30,33)], !
1t [R11DPL], [R11PAL(30,33)], {R1112(30,33)], )
1! [R1113(30,33)], [KAOT(30,33)], {UAL) ; !
1!MATRIX [KOOPOA] , {KOOKAO] , [PAG], (PAGI], !
1! [ULFLX1], [oLFLX2], [UAPLX1], {UAFLX2], !
1t [UOPLX1], [UOFLX2], {UFFLX1], {UFFLX2], [FLXFRC1], !
1t [FLXFRC2) ; !
1!MATRIX [FLXTMP) , [FLXTMP1] , [FLXTMP2], [FLXTMP3], !
1! [FLXTMPS] , [FLXTMPA] , [PLXKX1], {FLXKX2], !
1! [GTKGEKR] , [GTRGKI], !
1t [FLXF1R], [FLXF1I], [FLXF2R]}, {FLXF2I}; !
1!MATRIX (UFX1HRT], [UFX1EIT], [UFX1SUM], [UFX1DIF], !
1! , [UFX2HRT], [UFX2HIT] , {UFX2SUM} , [UFX2DIF], !
1! {FLXP1SUM], [FLXF1DIP], [FLXP2SUM], [FLXF2DIF]; !
1!IMATRIX {AJITL], {QIJL}, [QRKL] , [QMHL] ; !
118 $!
118w wew e rerreraney S
1s ADDITIONS FOR GENERALIZED TRIM AND TRIM OPTIMIZATION s!
1:8 $!
18 $!
1!INTEGER SCHITER; !
1!LOGICAL SCHCNVG, TRMRIGD; t
1!RELATION  BMST, BMST2, DCONBMST, RMASS, SCHEDULE, '
1! TCONBMST, TCONTRM, TFUNC, TODVPRM, TOMPPARM, '
1! TRIMOPT, TRIMR, TRIMRSLT, BMSTDATA, OBMSTLOD; !
18 st
18 $!
1t$ $!
11§ DYNAMIC RESPONSE DECLARATIONS $!
1S - St
11$ S!
1! INTEGER HSIZE(1000); !
1!UNSTRUCT  TFDATA, ICDATA, UDLOLY; !
1!RELATION LAMBDA, OBIGS, DLONLY, DLOAD, TABLED1, '
1t e, TLOAD1, TLOAD2, RLOAD1, RLOAD2, '
1t TSTEP, VSDAMP, TAEDMP1, DLAGS, TF, !
1! DMIG, GUST, FREQ, FREQ1, PFREQ2, '
1! FFT, PFLUTREL; '
1'MATRIX {PHIKH], fQrJL], {oKJL] , [PHIA], {MII], [
1! {PHIO}L, (PHIF], {PHIN], [PHIG(1000) ], {KHHT], 1
1! {KHHF], (BHH} , {MHH] , [PDT], {PDF], t
1! {xDDT], {XDDF) , {sDD], MDD} , [ICMATRIX], '
1! {UTRANA}, [UFREQA], [UTRANI]), [UFRBQI], {UFREQE], H
11 [UTRANE] , [UTRANF) , {UPREQF] , [UTRANN] , [UPREQN] , !
1! (UTRANG], [UFREQG] , [MHHFL(30,33)], [BHHFL(30,33}], !
1t (QHHALFL(30,33)1, [KHHPL (30,33)); !
1% $!
1% $!
1!$ DRCLARATIONS POR GENERALIZED DYNAMIC REDUCTION (GDR) st
1!$ * - bd - $!
118 $!
1! INTEGER LXSET, LJSET, NBIV, GNORM, NGDR, !
11 ASIZR, LSIZB; !
1!RRAL PMAX ; !
1!RELATION DYNRED; '
1!MATRIX [PGDRG (1000) ) , [PHIOK], {xool , {ecol, (xso00} . '
1! [XOA], {LS00] , {PAJK] , {PPJK], {UPGDR] , !
1t [APGDR] , {wx), ieT™P) ; ]
18 $!
11geeww $t
118 BLAST RESPONSE DECLARATIONS s
1§ eneseeswy wew ware - e St
118 $!
1!REAL BQDP; '
1!MATRIX [MPART] , {1p2}, [PHIE], [PHIR], [PHIB], '
1t [GERM], [GENK] , [GENF], IGENQ] , [GENQLI, !
1! [DTSLP}, (FTF], [QRE] , [QBEB] , [KBQE], '
1! (L0}, (UxQ], [GFR}, IGFE], [BTEM], !
1! [BLSTJA}, [BLGTJA], [BFRC), [MATTR] , [MATSS], '
1t [KEE], [DELB] , [DELM] , [URDB] , [GENFA], !
1t (DWNWSH], [BLAS}, [SLPMOD] , [QRR] , (UBLASTI] , !
1t [UBLASTG],  [UBLASTF}; '
118 st
11§evey - $!
118 St
118 BEGIN MAPOL SOLUTION SEQUENCE st
118 $!
1'$ $1
1% PREFACE MODULES s
118 il $!
1!SINGOSET := 1; !
1!SINGASET := 2; !
1!SINGLSET := 3; !
18 $!

1!QP := "QUADPAN";
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1!USS := "USSAERO";
1!FULAERO := FALSE;

11$

1$ INITIALIZE SUBSCRIPT VALUES TO "1" TO AVOID RUN TIME PROBLEMS
1:$

1!SUB w15

1!SUBF = 1;

1!PRINT("LOG= ( 'BEGIN PREFACE MODULES')");
1!CALL SOLUTION ( NUMOPTBC, NBNDCOND, K6ROT, MPS, MPE, OCS, OCE, FSDS, FSDE,

1t MAXITER, MOVLIM, WINDOW, OCMOVLIM, ALPHA, CNVRGLIM,

1! NRFAC, EPS, FDSTEP, TOLVALUE );

1!CALL IFP ( GSIZEB, EIDTYPE );

1!'$

1!$ PROCESS THE FUNCTIONAL PACKBT AND INSTANTIATE THE FUNCTIONS
1

1!CALL FPKEVL ( BIDTYPE );
1!CALL UTRPRG ( BIDTYPB );

11§ ,
118 GENERATE THE ELEMENT MATRICES

1§

1!PRINT(*LOG=(* ELEMENT MATRIX GENERATION')");

118

1!CALL MAKEST ( NDV, GLEDES, [PTRANS], [PMINT], [PMAXT], LOCLVAR,

1 TFIXED, DESLINK );

11$

1!CALL EMG ( NDV, GSIZEB, K6ROT, GLEDES, LOCLVAR, [PTRANS], DESLINK, (SMAT],
1 SMATCOL, DVCT, DVSIZE, KELM, MELM, TELM, TREF );

11§

1!IP KUMOPTBC = 0
2! CALL NLEMG ( 1, NDV, GSIZEB, GLBDES, LOCLVAR, [PTRANS], DESLINK,

2! [NLSMAT] , NLSMTCOL, DVCTD, DDVCT, DVSIZED, DDVSIZE, KELMD, DKELM,
2! MEIMD, DMELM, TELMD, DTBLM, TREFD, FDSTEP );

1$

1!CALL PFBULK ( GSIZEB, EOSUMMRY, EODISC, GPFELEM );

1$

1:$ ASSEMBLE THE ELEMENT MATRICES

18 TO THE SENSITIVITY MATRICES

1:$

1!PRINT("LOG=('PHASE 1 ELEM. MATRIX ASSEMBLY')®);

1!CALL EMA1 ( NDV, CSTM, GENEL, DVCT, XELM, MELM, GMKCTO, DXVIO,

ES GMMCTO, DMVIO, DWGH1 );

1!CALL UTUPRG ( KELM, MBIM );

1!IP NUMOPTBC = 0

2! CALL NLEMA1 ( 1, NDV, GLBDES, DVCTD, DDVCT, KELMD, DKELM, MELMD, DMELM,

2! GMKCTO, DKVIO, GMMCTO, DMVIO, DWGH1, GMKCT, DKVI, GMMCT, DMVI,
2! GMKCTG, DKVIG, GMMCTG, DMVIG, GMMCID, DMVID, DGMMCT, DDMVI,
2! DDWGH2 ) ;

118

118 GENERATE THE SIMPLE LOAD VECTORS

18 AND LOAD SENSITIVITIES

1:$

1!PRINT("LOG=('PHASE 1 STATIC LOADS GENRR.')");

1!CALL LODGEN ( GSIZEB, GLBDES, DVCT, DVSIZE, GMMCTO, DMVIO, TRLM, TREF,

1 SMPLOD, [DPTHVI], [DPGRVI) );

1!CALL UTRPRG ( DVCT );

1!IF NUMOPTBC = 0

2! CALL NLLODGEN ( GSIZEB, GLBDBS, DVCID, DDVCT, DVSIZED, DDVSIZE, GMMCTD

2! DGMMCT, DMVID, DDMVI, TELMD, DTELM, TREFD, (DPTHVD), {DDPTHV],
2! {DPGRVD], [DDPGRV] );

1:!$

18 GENERATE THE STEADY AERODYNAMIC MODELS

118 BASED ON THE SABRO DISCIPLINES/IMPORT AND OVERLAY OPERATIONS
s

1!CALL TRIMCHEK ( CASE, TRIMDATA );

1!CALL GPIMPORT;

1:L00P := TRUB;

1!SAROONLY := PALSE;

1!MINDEX := O;

1!WHILE LOOP DO

2! MINDEX :=» MINDEX + 1;

2t CALL AROGNDRV ( MINDEX, CASE, LOOP, GOAERO, CASEID, METHOD, MODEL, MACH,

2! SYM, AICSYM, SAMODEL, STDYGEOM, RIGDALOD, AICMAT,
2! ABROGRID, CABROBOX, SACOMPS, SAGEOM,
2! [AIC], [AAIC], [ASAIC},
2! RIGDSLOD, NEWMODEL, SAROONLY );
2! CALL SFORLD ( , GSIZEB, GLBDES, SMPLOD, [DPTHVI], [DPTHVD}, [DPGRVI],
2! [DPGRVD], RIGDSLOD, [SLPFRC} );
2! IF GOARRO THEN
3t IF METHOD = QP THEN
4! PRINT("LOG= ( ' QUADPAN AERODYNAMICS')");
4! CALL QUADPAN ( MODEL, CASEID, CASE, AICSYM, AEROGRID,
4! CAEROBOX, SACOMPS, SAGEROM, REFPARAM, [AIC], [AAIC],
4! {ASAIC), [AIRFRC], RIGDALOD, PULAERO );
4! BLSE
4! IF METHOD = USS THEN
5! PRINT ("LOG= ( 'USSAERO ABRODYNAMICS')");
5! CALL USSABRO ( MINDEX, MODEL, CASEID, MACH, SYM, AICSYM,
5! SACOMPS, SAGEOM, REFPARAM,
5! [AIC], (ARIC], [AIRFRC], RIGDALOD,
5! ABROGRID, CAEROBOX );
8

"

R 23
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st
$!
§!
$!?




448 3! ENDIF;
449 2!ENDDO;
450 1!CALL GRPARCHV;

439 5! ELSE !
440 5! PRINT("{' USER FATAL BRROR: UNRECOGNIZED SAERO METHOD ',15A4)", [
441 5! METHOD) ; '
442 5! ~ CALL EXIT; '
443 5! ENDIF; !
444 4! ENDIF; '
445 3t CALL LODSAGRP ( SAMODEL, NEWMODEL, METHOD, MACH, SYM, STDYGEOM, RIGDALOD, !
446 3! AICMAT, ABROGRID, CAEROBOX, SACOMPS, SAGEOM, '
447 3! [AIC], [AAIC], (ASAIC], RIGDSLOD, FULAERO }; !

!

1

'

451 13 « $!
452 1:s GENERATE THE SAEMODEL GROUP AND SPLINE GROUP $!
453 1:$ $!

454 1!LOOP := TRUE; !
455 1!MINDEX := O0;

456 1!WHILE LOOF, DO

457 2! MINDEX := MINDEX + 1;

458 2! CALL SPLNGNDR {( MINDEX, CASE, LOOP, MODEL, SAEMODEL, SAMODEL,

459 2! SAGEOM, SACOMPS, SPLINE, [GTKG), [GSTKG}, [GPTKG].

460 2! FLRXLOAD, NEWMODEL, GOSPLINE,

461 2! {XRRALK]), [KIMAGK], [KIMAGS], [KIMAGP] );

463 3t CALL SPLINEBS ( MODEL, GSIZEB, SAGEOM, SACOMPS, AEROS, [GTKG], [GSTKG],
464 3! {GPTKG], (KRBALK], (KIMAGK), [(KIMAGS], [KIMAGP] };

465 2! CALL LODSPGRP ( NEWMODEL, GOSPLINE, MODEL, SABMODEL, SPLINE,

466 2! FLEXLOAD, [GTKG]), [GSTXG], [GPTKG] );

467 2 1ENDDO;

468 1!CALL TRIMUPD ( TRIMDATA );

469 1!CALL GRPARCHV; !
470 11§mmmmmmceoo oo cesaceccacans v : st

'
]
1]
1]
1
]
1]
462 2!  IF GOSPLINE !
1]
:
'
1]
1
1]
1]

471 18 $!
472 1!IF SAROONLY CALL EXIT; H
473 s $!
474 1:8 PERFORM TRIM PREFACE OPERATIONS $t
475 18 $t
476 1!CALL PRETRM ( TRIMDATA, TRIMRSLT ); H
477 1:$ ' $!
478 1:s GENERATE THE UNSTEADY AIC MATRIX AND THE $!
479 1t$ UNSTEADY SPLINBE TRANSFORMATION MATRIX $!
480 s st

481  1!PRINT("LOG=('UNSTRADY AERODYNAMICS')®"); !
482  1!CALL UNSTRADY ( GEOMUA, AECOMPU, [AJJTL], (D1JK], [D2JK}, [SKJ], :
483 1 AERUGEOM, CAROUGEO ) ; St
484 1!CALL AMP ( [AJJTL], {D1JK], [D2JK}, [SKJ], [QKKL], ([QKJL], [QJJL] ); !
485  1!CALL SPLINEU ( GSIZEB, GEOMUA, AECOMPU, ABRO, [UGTKG] ); !

486 118 st
487 11gevern » $!
488 118 BEGIN OPTIMIZATION LOOP $t
489 11§ . St
490 118 st
491 1!IF NUMOPTBC > O THEN '
492 2!  PRINT("LOG=(' wewweryy; !
493 2!  PRINT(*LOG=('BEGIN OPTIMIZATION')"); : :
49¢ 21§ st
495 2!$ INITIALIZE MAPOL PARAMETERS st
496 218 $?

497 2! GLBCNVRG := PALSE; !
498 2! APPCNVRG := FALSE; !

499 2:$ $?
500 2!$ BEGIN CONVERGENCE LOOP St
501 2!'$ $!
502 2! WHILE NOT GLBCNVRG AND NITER <= MAXITER DO 4
503 313 . $!
504 38 ASSEMBLE THE GLOBAL MATRICBS st
505 3:8 $t
506 3! NITER := NITER + 1; !

507 3! PRINT("LOG= (" --=--===can !
508 a: PRINT(*LOG=(' DESIGN ITBRATION ',13)"™ NITER); !
509 3t CALL APFLUSH; [
510 318 $!
511 318 FLUSH LARGE ENTITIES TO REDUCE GROWTH IN DATABASE $!
512 318 $t
513 3t CALL UTRPRG ( CONST ); . '
S14 3t CALL UTRPRG ( GPPELEM, ROBAR, BOELAS, BOHEX), BOHEX2, EOHEX3, EOQDMM1 }; !
515 3! CALL UTRPRG ( EOQUAD4, ROROD, ROSHEAR, EBOTRMEM, GPFDATA, ROTRIA3 ); '
516 3t CALL UTRPRG ( OPNLBUCK, OEULBUCK, PDLIST ); '
517 ar CALL UTRPRG ( STABCFA ); !
518 3! CALL UTMPRG ( [GLBSIG], [NLGLBSIG] }; !
519 3t CALL UTMPRG ( {GLBSIGI], [NLGBSIGI] ); £
520 3t NEWITER := TRUB; '
521 318 $!
522 3! CALL ITERINIT ( NITER, CONST, LAMBDA ); !
523 3t CALL DVMOVLIM ( NITER, NDV, GLBDES, MOVLIM }; !
524 3! GPRINT := FALSE; ) '
525 3t GPUNCH := PALSE; !
526 a: LOADLDV := PALSE; !
527 3t LPRINT := PFALSE; !
528 3t CALL GDVPRINT ( NITER, NDV, GLBDRS, MOVLIM, , GPRINT ); !
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3!
ar
3!
3!
3!
3t
3
3!
3t
3!
3!
38

38

GDVPUNCH ( NITBR, NDV, GLBDBS, GPUNCH );

LDVLOAD ( GLBDES, LOCLVAR, {PTRANS], OLOCALDV, NITER, NDV, ,
LOADLDV ) ;

LDVPRINT ( OLOCALDV, NITER, , LPRINT );

GDVRESP ( NITER, NDV, GLBDES );

MSWGRESP ( NITER, NDV, GLBDBS, DESLINK );

TCEVAL ( NITER, NDV, MOVLIM, WINDOW, GLBDES, LOCLVAR, [PMINT],
[PMAXT), [PTRANS], TFIXED, CONST );

BCBVAL ( NITER, NDV, GLBDES, LOCLVAR, [PTRANS], CONST );

LAMINCON ( NITER, NDV, DCONLAM, DCONLMN, DCONPMN, TPIXEBD, GLBDES,

LOCLVAR, {PTRANS], CONST );

R HRE

NLEMG ( NITER, NDV, GSIZEB, GLEBDES, LOCLVAR, [PTRANS], DESLINK,
[NLSMAT], NLSMTCOL, DVCTD, DDVCT, DVSIZED, DDVSIZE, KELMD,
DKELM, MELMD, DMELM, TELMD, DTELM, TREFD, FDSTEP ):

NLEMA1 ( NITER, NDV, GLBDRS, DVCTD, DDVCT, KBLMD, DKELM,
MEBLMD, DMELM, GMKCTO, DKVIO, GMMCTO, DMVIO, DWGH1, GMXCT, DKVI,
GMMCT, DMVI, GMKCIG, DKVIG, GMMCTG, DMVIG, GMMCTD, DMVID,
DGMMCT, DDMVI, DDWGH2 });

E

;

NLLODGEN ( GSIZEB, GLHDBS, DVCTD, DDVCT, DVSIZED, DDVSIZE,
GMMCTD, DGMMCT, DMVID, DDMVI, TELMD, DTELM, TREFD,
(DPTHVD], (DDPTHV], [DPGRVD}, [DDPGRV] );

CALL EMA2 ( NITER, NDV, GSIZEB, GLBDRS, GMKCTG, DRVIG, [K1GG],
GMMCTG, DMVIG, [M1GG] );

BEGIN BOUNDARY CONDITION LOOP FOR OPTIMIZATION
FOR BC = 1 TO NUMOPTBC DO
CALL BCIDVAL ( BC, CRSE, BCID );
PRINT ("1L0G= ("' BOUNDARY CONDITION °*,18)*,BCID);

ESTABLISE THE BASE USET AND PARTITIONING DATA FOR THE BC
THIS DATA MUST BE RECREATED BACH ITERATION SINCE GDR CAN CHANGE IT

CALL MKUSET( BCID, GSIZEB, [YS(BC)}, [TMN(BC)], [PGMN(BC)], [PNSF(BC)],!
!

[PPOR(BC)}, [PARL(BC)]}, USEBT(BC) );

MAKE B.C.-DEPENDENT BGPDT FROM BASE, ADDING THE EXTRA POINTS FOR
THIS B.C.

CALL BCBGPDT( BCID , GSIZEB , BGPDT(BC) , BSIZB(EC) );
GSIZB := GSIZEB;
PSIZE(BC) := BSIZE(BC) + GSIZE;

IF NITER < 2  CALL AROSYMCK (CASE, BGPDT(BC), USET(BC), RELES, BC,
TOLVALUE, STRSYM };

PROCBSS MATRICES, TRANSFER FUNCTIONS, AND INITIAL CONDITIONS FOR
THIS B.C.

CALL BCBULK( BCID , PSIZB(BC) , BGPDT(BC) , USET(BC) );

CALL BOUND ( BCID, GSIZB, BSIZER(BC), USET(BC), BLOAD, BMASS, DMODES,
BMODBS, BSAERO, BFLUTR, BDYN, BDRSP, BDTR, BMTR, BDFR,
BMFR, BGUST, BBLAST, NMPC, NSPC, NOMIT, NRSET, NGDR );

DETERMINE IF ANY M2GG/X2GG INPUT DATA ARE TO BE ADDED

CALL NULLMAT ( [KGG], (MGGl );
CALL MK2GG ( BCID, GSIZEB, [M2GG), M2GGFLAG, [X2GG], K2GGFLAG );
IF M2GGFLAG THEN

MGG] := [M1GG] + [M2GG];
BLSE

[MGG) := [M1GG];
BNDIF;
IF K2GGFLAG THEN

[KGG] := [K1GG] + [K2GG);
ELSE

{KGG) := [K1GG];
BNDIF;

CALL THE GRID POINT WBIGHT GENBRATOR FOR THIS BOUNDARY CONDITON
CALL GPWG ( NITER, BCID, GPWGGRID, ([MGG], OGPWG );
IF BLOAD <> 0 CALL GTLOAD (NITBR, BCID, GSIZR, BGPDT(BC), GLBDES,

SMPLOD, [DPTHVI}, [DPTHVD},

[DPGRV1], ' [DPGRVD], [PG], OGRIDLOD);
PARTITION-REDUCTION OF GLOBAL MATRICES
IF NUMOPTBC > 1 CALL NULLMAT ( {KNN]), (PN}, [MNN],

IGTKN], [GSTKN], [GPTKN], [UGTKN] );

IF NMPC <> 0 THEN

PERFORM MPC REDUCTION

10

$t
$!
St
$t
1}
1
st
'
1
1

$t
st
$!

H
st

13

!
st
$t
st
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PRINT ("LOG={("' MPC REDUCTION'}*);
CALL GREDUCE ( [KGG], [PG], [PGMN(BC)), [TMN(BC)], [KNN], [PN] );
IF BMASS <> 0 CALL GREDUCE { [MGG],,[PGMN(BC)}, [TMN(BC)], (MNN] };
IF BSAERO <> 0 THEN
CALL SPLINFND ( BCID, CASE, MODEL, SPLINE, [GTKG], [GSTKGI],
{GPTKG] );
CALL GREDUCE (, [GTKG], [PGMN(BC)], [TMN(BC)], ., [GTKN]);
CALL GREDUCE {, [GSTKG), [(PGMN({BC)], [TMN(BC)}, , [GSTKN]);
CALL GREDUCE {, [GPTKG], (PGMN(BC)], [TMN(BC)], , [GPTKN]);
ENDIF;
IF BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> 0
CALL GREDUCE (, [UGTKG], [PGMN(BC)], [TMN(BC)], , {UGTKN] );

BLSE
$!
NO MPC REDUCTION $!
! s
[KNN] := [KGGI; !
, IF BLOAD <> 0 (PN] := [PG); !
IP BMASS <> 0 [MNN] := [MGG]; !
IF BSAERO <> 0 THEN '
[GTKN] := [GTKGI; 1
{GSTKN) := [GSTKG]; '
{GPTKN] := [GPTXG]: '
BNDIF; t
IP BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> 0 [UGTKN] := {UGTKG]; '
RNDIF; '
. $!
PERFORM AUTOSPC CALCULATIONS ON THE KNN MATRIX $!
$!
PRINT("LOG= (' AUTOSPC COMPUTATIONS')™); '

CALL GPSP ( NITER, BCID, NGDR, [KNN]}, BGPDT(BC), {¥YS(BC)}, !
USET(BC), GPST(BC) ); !

CALL MKPVECT ( USET(BC), [PGMN(BC)], [PNSF(BC)], !
{PPOA(BC)], [PARL(BC)] ): !

CALL BOUNDUPD ( BCID, GSIZE, ESIZE(BC), USET(BC), NSPC, NOMIT, NRSET );!

st

FOR SENSITIVITY ANALYSIS, SAVE A COPY OF THE PRE-GDR PART. VECTS. §t
$!

CALL MKPVECT ( USET(BC), (PGMNS(BC)], [PNSFS(BC)I], !
[PPOAS(BC)], [PARLS(BC)] ); !

St

IF NUMOPTBC > 1 CALL NULLMAT ( [KFF), [PF], (MPP], [GTKF], [GSTKF], !
[GPTKF], [UGTKF), [KFFX], [PFX], !

[MPFX] ) ; !

IF NSPC <> 0 THEN !
St

PERPORM SPC REDUCTION $!

$!

PRINT ("LOG= ("' SPC REDUCTION')*); !
CALL NREDUCE ( [KNN], [PN]l, [PNSF(BC)], (YS(BC)], [KFP], [KPFS], !
[xss), [PF1, [PS] }); '

IP BMASS <> O CALL NREDUCE ( {MNN], , [PNSF(BC)], , [MFF] ); '

IFP BSAEBRO <> 0 THEN t
CALL NREDUCE ( , [GTKN), ([PNSF(BC)), , , . , [GTKF] }; !

CALL NRBDUCR ( , [GSTXN}, [PNSF(BC)Y, , , ., , [GSTKF] ); i

CALL NREDUCE {( , [GPTKN], (PNSF(BC)], , , , , [GPTKF] ); !
ENDIF; 1

IF BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> 0 1
CALL NREDUCE (, [UGTKN], [PNSF(BC)],,,,, [UGTKF]); !

ELSE '
$!

NO SPC REDUCTION $t

$!

{KPF]} := [KNN); !

IP BLOAD <> 0 (PP] := (PN]; !
IF BMASS <> 0 {MFF] := {MNN]; !
IF BSABRO <> 0 THEN !
[GTKP] := [GTKN]; H
[GSTKP] := [GSTKN]; !
[GPTKF] := [GPTKN]; H
BNDIFP; 1

IF BFLUTR <> O OR BGUST <> 0 OR BBLAST <> 0 [UGTKP] := [UGTKN]; !
ENDIF; ]
$!

ADD IN THE NEW MODULE TO GENERATE THE H MATRIX FOR SYM-TRAN $!
$!

CALL SAERODRV (BCID, 1, LOOP, MINDEX, SYM, MACH, QDP, H

TRIMDATA, TRIMRSLT, METHOD );
SYMTRN(BC) := PALSE;
ACSMTR(BC) := FALSE;
1IF METHOD=USS THEN
IF STRSYM THEN
IF SYM=0 THEN
SYMTRN(BC) := TRUB;
ENDIF;
ENDIF;
BLSE
1P METHOD=QP THEN
IP STRSYM THEN
IF SYM=0 OR SYM=-1 THEN

11
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58
5!8
st
5!
6!
6!
6!
6!
5t
5!

SYMTIRN(BC) := TRUB;
ACSMIR (BC) := TRUE;
ENDIF;
ENDIF;
ENDIP;

ENDIF;
IF SYMTRN(BC) THEN

CALL REMGEN ( BGPDT(BC), 20, [(RGBDMG] );

' CALL AROHGEN (CASE, BGPDT(BC), USET(BC), RELES, BC, TOLVALUE,

[BFREALT(BC)), [HFIMAGT(BC)], USETX(BC) );
CALL MKPVECT ( USETX(BC), [PGMNX(BC)], [PNSFX(BC)],
[PFOAX(BC)}, [PARLX(BC)] );
CALL TRNSPOSE ( [(HFREALT{BC)], [HFREAL(BC)] };
CALL TRNSPOSE ( [HFIMAGT(BC)], {HFIMAG(BC)] );
IF ACSMTR(BC) THEN
CALL TRNSPOSE ( [KREALK], [KREALT] );
CALL TRNSPOSE ( [KIMAGK], [KIMAGT] );
ENDIF;
(HTKFHR} := [HPREALT(BC)] * { [KFF] * [HPREAL(BC)] };
[HTKFHI] := [HFIMAGT(BC)] * [ [KFFP) * ([HFIMAG(BC)] 1;
[KPFX] := [HTKFHR]) + (HTKFHI];
IF BMASS <> 0 THEN
[HTMFHR] := [HFREALT(BC)] * { {MFF] * [HFRERAL(BC)] };
[HIMFHI) :» (HFIMAGT(BC)] * [ [MFF] * (RFIMAG(BC)) ];
(MFFX] ;= [HTMFHR] + [HTMPHI];
ENDIF;
IF BSAERO = 0 THEN
[HFRTPF] := (HFRBALT(BC)] * [PF);
[HPITPP] := [HFIMAGT(BC}] * [PF];
[PPX] :» [HFRTPF] + [HFITPF);
ELSB
IF ACSMIR(BC) THEN

[HRGTKF] := [HPRBALT(BC}] * [ (GTKP] * [KRRALK] }];
[HIGTKF] :a= [HPIMAGT(BC)] * [ [GTKP] « [KIMAGK] 1;
[HRGSTKF] :e {HFRBALT(BC)) * [ [GSTKF] * [KRERALX] ];
{HIGSTKF] := [HFIMAGT(BC)} * [ [GSTKF] * [KIMAGS] );
(HRGPTKF) :« [HFREALT(BC)] * [ [GPTKF] * [KREALK] ];
[HIGPTKF] := (HPIMAGT(BC)] * [ [GPTKF] * [KIMAGP] );

ELSB
[HRGTXF] :w [HFREALT(BC)] * (GTKF};
[HIGTKF] := [HFIMAGT(BC)] * [GTKF] ;
{HRGSTKP] := ([HFREALT(BC)! * (GSTKF];
[HIGSTKF] := [HPIMAGT(BC)] * [GSTKF] ;
[HRGPTKF] := [HFREALT(BC)) * (GPTXF];
[EIGPTKP] :» [HPIMAGT(BC)] +* (GPTKF] ;

ENDIF;

ENDIF;

BLSB

{KPPX] := [KPP];

{MPPX) := [MPF];

{PFX] = [PF);
[GPTKFX] . := [GPTKF);
USETX(BC) := USBT(BC);
[PGMNX (BC)] := [PGMN(BC)];
{PNSFX(BC)] := [PNSP(BO)};
{PFOAX(BC)} := [PPOA(BC)];
[PARLX(BC)] := [PARL(BC)];

ENDIF;

1F NUMOPTEC > 1 CALL NULLMAT ( [RAAl, [PA}, [MAA),

[KAAR], [PAA]), (UGTKA] );

IP NGDR <> 0 THEN

PERFORM THE GENERAL DYNAMIC REDUCTION WHICH IS DISCIPLINE
INDEPENDENT. THE RESULTING {GSUBO] MATRIX WILL BE USED BY
ALL DISCIPLINES

PRINT(*LOG= (" DYNAMIC REDUCTION')*®);

OBTAIN THE OMITTED DOF PARTITION OF KFF AND MFF

CALL PARTN ( [KFFX], [KOO!, , [KOR), , [PFOAX(BC)] );

CALL PARTN ( [MFFX], [MOO), , , , [PFOAX(BC)) );

ASIZE := GSIZE - NMPC - NSPC - NOMIT;

LSIZE := ASIZE - NRSET;

CALL GPR1 ( [KOO], [MOO], [KSOO), (GGO), LKSET, LJSET, NEIV,
FMAX, BCID, BGPDT(BC), USETX(BC), NOMIT, LSIZE );

LKSET
<> 0
=0

MEANING

APPROX. MODE SHAPBS SELECTED
NO APPROX. MODE SHAPES IN GDR

IF LKSET <> 0 THEN
CALL SDCOMP ( [KSOO], ([LSOO), USETX(BC), SINGOSET );

CALL GDR2

ENDIF;

{ [Lsoo]l, ([moo],

NEIV, PMAX,

CALL GDR3 ( [KOO]1, [KOA], (MGG),

[PGMNX (BC) ],

12

(PRIOK], LKSET, LJSET,
BCID );

[PHIOK), [TMN(BC)], (GGO],

[PNSFX(BC)}, [PPOAX(EC)), [GSUBO(BC)},

“muanaunan




799 st BGPDT(BC), USETX(BC), !
800 5t LKSET, LJSET, ASIZE, GNORM, BCID ); !
801 5! CALL GDR4 ( BCID, GSIZE, PSIZE(BC), LKSET, LJSET, !
802 st {PGMNX(BC)], [TMN(BC)], [PNSFX(BC)], (PPOAX(BC)], !
803 5! (PARLX(BC)}, [PGDRG(BC)], [PAJK], [PFJK], BGPDT(BC), !
804 5! USBTX(BC) )} !
80s 51 ENDIF; !
806 a1$ $t
807 4t IF BLOAD <> 0 OR BMODES <> 0 OR BFLUTR <> 0 OR BDYN <> 0 THEN !
808 5! 3!
809 st$ REDUCE THE MATRICES WITHOUT AEROELASTIC CORRECTIONS $!
810 s1$ $!
811 st IF NGDR <> 0 THEN !
812 6!5 St
813 61§ PERPORM THE GENERAL DYNAMIC REDUCTION $t
814  6!S $!
815 6! PRINT ("LOG=(* SYMMETRIC DYNAMIC REDUCTION'}"); !
816 6'$ , $!
817 6! [MAA] := TRANS ( [GSUBO(BC)) ) * [ [MPFX] * [GSUBO(BO)} I; 4
818 6! [KAA] := TRANS ( [GSUBO(BC)] ) + [ [KFFX] * [GSUBO(BC)] 1; '
819 6! IP BLOAD <> 0 ([PA) := TRANS ( [GSUBO(BC)] ) * [PFX]; H
820 6! IF BFLUTR <> O OR BGUST <> 0 OR BBLAST <> O THEN !
821 71 [TMP1] := TRANS ( [UGTKF] ) * [GSUBO(BC)]; !
822 71 CALL TRNSPOSE ( [TMP1], [UGTKA] }; !
823 7! ENDIF; !
824 6! ELSE !
825 6! IF NOMIT <> 0 THEN !
826 718 $t
827 78 PERFORM THE STATIC REDUCTION $!
828 718 $!
829 7t PRINT ("LOG=(* STATIC CONDENSATION')"); '
830 71$ $!
831 7t CALL FREDUCE ( [KFFX], ([PFX], [PFOAX(BC)}, ,[KOOINV(BC}], , , !
832 7t (GSUBO(BC)], [KAA}, [PA], [POl, USETX(BC) ); !
833 78 H
834 7! IP BMASS <> 0 THEN ]
8135 8!% : $!
836 81$ PERPORM GUYAN REDUCTION OF THE MASS MATRIX $!
837 81§ : $!
838 8! CALL PARTN ( [MFFX], [MOO], , ([MOA], [MARABAR], !
839 8! [PPOAX(BC)] ) ; :
840 8! {MAR] := {MARBAR] + TRANS([MOA]) * ([GSUBO(BC)] + [
841 8! TRANS ( [GSUBO(BC)]) * (MOA] + !
842 8! TRANS ( (GSUBO(BC))) + [ [MOO] * [GSUBO(BC}] J; !
843 8! IP NRSET <> 0 [IPM(BC)] :» [MOO} * ([GSUBO(BC)] + [MOAl; )
844 8! ENDIF; '
845 7! IP BFLUTR <> O OR BGUST <> O OR BBLAST <> 0 THEN '
846 8! CALL ROWPART ( [UGTKP], [UGTKO), [UGTKAB], [PFOAX(BC)] }; !
847 8! [TMP1] := TRANS( {UGTKO] ) * [GSUBO(BC)); !
848 8! CALL TRNSPOSE ( [TMP1], [TMP2} ):; !
849 8! [UGTRA] := [UGTKAB) + [TMP2]; ¢
850 8! ENDIF; '
851 7! BLSE !
852 718 $!
853 71§ NO F-SET REDUCTION $!
854 718 $t
855 71 [KAR] := [KFFX]; '
856 7! IF BLOAD <> 0 (PA] := (PFX]; !
857 71 IF BFLUTR <> O OR BGUST <> 0 OR BBLAST <> 0 [UGTKA] :=(UGTKF]; !
858 71 IF BMASS <> 0 {MAA] := [MFFX]; !
859 7t RNDIF; !
860 6! ENDIF; !
861 51§ $!
862 st IP NRSET <> O THEN '
863 6!$ $!
864 615 PRRFORM THE SUPPORT SET REDUCTION H]
865 (31 $1
866 6! PRINT("LOG= ("' SUPPORT REDUCTION')"); !
867 6! IP NITER = 1 THEN '
868 71 CALL PARTN ( [KAA], [XRR], {KLR], , [KLL), [PARLX(BC)] }; !
869 7! CALL SDCOMP ( [KLL], [KLLINV(BC)], USETX(BC), SINGLSET ); )
870 7! CALL FBS ( [KLLINV(BC)], IKLR], [D(BC)), -1); '
871 7! CALL RBCHECK ( BCID, USETX(BC), BGPDT(BC), (D(BC)], (RLL], !
872 k2! [KRR], [KLR] ); !
873 7! ELSB !
874 7! IF BLOAD <> 0 THEN . !
875 8! CALL PARTN ( [KAA), , [KLRl, , [KLL), [PARLX(BC}] ); !
876 8! CALL SDCOMP ( [KLL], [KLLINV(BC)], USETX(BC), SINGLSET ); !
877 8! ENDIF; !
878 7t BRDIF; !
879 6'$ $t
880 6!$ CALCULATE THE REDUCED MASS MATRIX $!
881 61§ $!
882 6! CALL PARTN ([MAA], [MRRBAR], [MLR]}, , [MLL], (PARLX(BC)]); '
883 6! [IFR(BC)} := [MLL] * [D(BC)]} + [MLRI]; '
884 6! [MRR(BC)] := [MRRBAR] + TRANS ( [MLR] ) * [D(BC)] + '
885 6! TRANS ( [D(BC)] )} * [IFR(BC)]; !
886 6! [R22] := TRANS ( [D(BC)] ) * {MLR] + {MRRBAR}; i
887 6!$ 1
888 6! IP BLOAD <> 0 THEN !
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st

PROCESS STATICS WITH INERTIA RELIEFP $!

PRINT( '

"LOGs ( >>>DISCIPLINE: STATICS (INERTIA RELIEF)')"); !

CALL ROWPART ( [PA], [PR], [PLBAR], {PARLX(BC)] }; !
[LHS(BC)] := [MRR(BC)]; ' !
[RHS(BC}] := TRANS([D(BC)}) * [PLBAR] + [(PR]; !

CALL INERTIA ( [LHS(BC)}, (RHS(BC)), [AR] }; !

[AL) ;= [D(BC)] * [AR); )

CALL ROWMERGE ( {AA), [AR], [AL), [(PARLX(BC)] ); !
[RHS(BC)] := [PLBAR] - [IFR(BC)} * [AR]; !

CALL FBS ( [KLLINV(BC)], [RHS{(BQ)I, ([UL) }; !

CALL YSMERGE ( {UA], , (UL}, [PARLX(BC)] ); !

ENDIF; '

IF BMODES <> 0 THEN '

PRINT ("LOG= (' >>>DISCIPLINE: NORMAL MODBS')"): '

, CALL REIG { NITER, BCID, USEBTX(BC), [KAA], [MAARl, [MRR(BC)], !
[D(BC)], LAMBDA, [PHIA), [MII}, HSIZEB(BC) ); !

CALL OFPMROOT ( NITER, BCID, LAMBDA ); '
CALL FCEVAL ( NITRR, BCID, LAMEBDA, CONST ); !
ENDIF; '
ELSE 1

NO SUPPORT SET REDUCTION $!

IF BLOAD <> 0 THEN H
PRINT("LOG=(" >>>DISCIPLINE: STATICS')™); !

CALL SDCOMP ( [KAA], [KLLINV(BC)), USETX(BC), SINGASET }; i

CALL FBS ( (KLLINV(BC)], (PA}, [(UA) ); !

BNDIF; !

IF BMODEBS <> 0 THEN !
PRINT(*L0G= (' >>>DISCIPLINE: NORMAL MODES')"); !

CALL REIG ( NITER, BCID, USETX(BC), [KAAl, [MAA], , , LAMBDA, !

[PHIA], [MII]), HSIZE(EC) ); H

CALL OFPMROOT { NITER, BCID, LAMEDA ); !

CALL PCEVAL ( NITER, BCID, LAMBDA, CONST ); !

ENDIP; []
ENDIF; '
ENDIF; '
IF BSAERO <> 0 THEN t

PERPORM STATIC ABROELASTIC ANALYSES $!

PRINT("LOG= ("' SAERO INITIALIZATION')*); !
CALL TRNSPOSE ( [GSTKF], (GSKF] );
IF SYMTRN(BC) THEN
CALL TRNSPOSE ( [HRGSTKF], ([GSKFHRT] );
CALL TRNSPOSE ( [HIGSTKPl, [GSKFHIT] );
ENDIF;
LOOP := TRUB;
SUB := O;
WHILE LOOP DO
SUB := SUB + 1;
CALL FTRIMDRV ( BCID, SUB, TRIMDATA, METHOD, MODEL, MACH,
SYM, SAMODEL, SARMODEL, STDYGEOM, RIGDALOD,
RIGDSLOD, FLEXLOAD, AICMAT, AEROGRID,
CABROBOX, SACOMPS, SAGEROM, (AIC], [AAIC],
[ASAIC] );
CALL SABRODRV (BCID, SUB, LOOP, MINDEX, SYM, MACH, QDP,
TRIMDATA, TRIMRSLT, METHOD, 1 );

ADJUST THE KFF MATRIX AND DETERMINE THE RIGID AIR LOADS

“w 0

IF SYMTRN(BC) THEN
IF ACSMTR(BC) THEN
[AICS1] := [HRGTKF)*[TRANS ({ASAIC))* [{GSKFHRT]];
[AICS2] :» [HRGTKP]*[TRANS(([ASAIC])*[GSKFBIT]] + [AICS1];:
[AICS3] := {HIGTKF]* [TRANS([ASAIC])*[GSKFHRT)] + {AICS2];
[AICS) := [HIGTKP]* [TRANS ([ASAIC])*[GSKPHIT)] + [AICS3);
ELSE
(AICSUM] := (0.5) [AIC] + (0.5) [AAIC];
[AICDIP] := (0.S) [AIC] - {0.5) [AAIC);
[AICS1} :» [HRGTKP]* [TRANS ([AICSUM])* [GSKFHRT]];
[AICS2] := [HRGTKF}* {TRANS ([AICDIF])*(GSKFRIT]} + [AICS1};
[RICS3] := [HIGTKF]* {TRANS([AICDIF])*[GSKPERT}] + [AICS2}:
[AICS] := [HIGTKF]*{TRANS([AICSUM])* [GSKFHIT]] + [AICS3];
ENDIF;
BLSE
IF SYM = 1 [AICS]:= {[GTKF]*[TRANS([AIC]))*(GSKF]];
IF SYM = -1 [AICS]):= [GTKF]* (TRANS([AAIC))*{GSKF]];

ADD IN OPTION FOR ASYMMETRIC AIC

w N n

IF SYM = 0 (AICS] := [GTKP)*[TRANS([ASAIC])*(GSKP]]);
ENDIF;

DEFINE 2ERO LOAD VECTOR POR ACCELERATION PARAMETERS

= s im te 4w e sw i tm b G G = s e b et s e b dm be b tm G te e e tm ew se e b e te s e e s b dm = e b

oo
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279
980
981
982
983
984
985
986
987
988
989
250
9s1
992

CALL ACCFGEN (NITER, BCID, SUB, SYMTRN(BC), RIGDALOD, RIGDSLOD, !

USER DEFINED

STDYGEOM, TRIMDATA, CONLINK, TRIMTOC, [KFFX], i
TLABRL, [ACCFORCE], [ACCELOAD], MACH); !
§!
$!
LOADS FROM STATIC LOAD PARAMETER DEFINITION $!
$t

CALL UDRFGEN (NITBR, BCID, SUB, SYMTRN(BC), RIGDSLOD, {UDGFORCE],!

IF NMPC <> 0 THEN
CALL GREDUCE (, [UDGFORCE], [PGMN(BC)],[TMN(BC)],, [UDNFORCE]);

[UDNPORCE] := [UDGFORCE];

ENDIF;

CALL NREDUCE ( , [UDNFORCR], [PNSP(BC)), , , ., , [UDFFORCE] );

IF SYMTRN(BC) THEN
CALL UDEFTRAN (NITER, BCID, SUB, [UDFFORCE], TRIMTOC,

ELSE

(UDFPORCX) := [UDFPORCE];

ENDIF;

NEW AIR FORCE MERGE ROUTINE

IF SYMTRN(BC) THEN
CALL ARFMRG (NITRR, BCID, SUB, SYMIRN(BC), TRIMDATA, TLABEL,

BLSE

CALL ARFMRG (NITER, BCID, SUB, SYMTRN(BC), TRIMDATA., TLABEL,

ENDIF;

(UDPALOAD}, GSIZE, TLABEL, TRIMDATA, STDYGEOM,
TRIMTOC, MACH, YESUDEF);
$

“n u

[HFREALT(BC)], [HFIMAGT(BC)], [UDFFORCX]} );

“uun o

RIGDALOD, STDYGBOM, [HRGPTKF), [HIGPTKF], CASE,
[ABROLOAD}, [AIRFORCE], TRIMTOC, MACH, YESAERO);

RIGDALOD, STDYGEOM, [GPTKF], [(HIGPTKF), CASE,
{AEROLOAD], [AIRFORCE], TRIMIOC, MACH, YESAERO);

5!

MBRGE LOADS IN THE AERODYNAMIC DOMAIN FOR STABILITY DERIVATIVES st

$!

{SAROLOAD] := {ACCELOAD] ; !

IF YRSUDEF THEN
CALL APPEND ( [UDFALOAD], [SAROLOAD] };

ENDIF;

IF YESAERO THEN
CALL APPEND { {ARROLOAD], [SAROLOAD]} );

ENDIF;

CALL RIGDSTAB ( BCID, SUB, TRIMTOC, [SAROLOAD], STDYGEOM,

MERGE LOADS IN THE STRUCTURAL DOMAIN FOR AERROLELATIC SOLUTION

[PAF]

IP YESUDEF THEN
CALL APPEND ( [UDFFORCX], ([PAF] );

ENDIF;

IP YBRSAERO THEN
(PAPX]) := (QDP) (AIRPORCE];
CALL APPEND ( [PAFX], [PAF] );

ENDIF;

CALL UTMPRG ( [PAFX) );
[(KAFF) := [KFPX] - (QDP) [(AICS]);
CALL UTMPRG ( [AICS) };

BGFDT(BC), QDP, STABCFA );

“w un

:= [ACCPORCE] ;

$!

REDUCE THR MATRICES WITH ABROELASTIC CORRECTIONS $!
SAVE THE SUBCASE/BC DEPENDENT DATA FOR SENSITIVITY ANALYSIS $!

$!

IP NGDR <> 0 THEN ,

$!

PERPORM THE GENERAL DYNAMIC REDUCTION S

$!

PRINT("LOG= (" SARRO DYNAMIC REDUCTION')™); !

{MAAA] := TRANS ( [GSUBO(BC)} ) * [ [MPFX] * (GSUBO(BC)] 1;
[KAAA] := TRANS ( (GSUBO(BC)] ) * [ [KAFF) * [GSUBO(BC)] ];
[PAA] := TRANS ( [GSUBO(BC}] ) * [PAF];

ELSEB

IF NOMIT <> 0 THEN

PERFORM THE STATIC REDUCTION

“ 00

PRINT ("LOG= ("' SABRO STATIC CONDENSATION')™);

v

IF NITER = 1 AND SUB = 1 AND NRSET <> 0 AND BLOAD = 0 AND
BMODES .» 0 AND BFLUTR = 0 AND BDYN = 0 THEN

FORM [KAA) ON FIRST PASS SO (D] CAN BE FORMED

“r o

CALL FREDUCE ([KFFX]), , [PPOAX(BC)}, , [KOOINV(BC)1, , .
[GSUBO(BC)], (KRAA)}, , , USETX(BC) );

15




1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
108S
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102

1104
1108
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1181
1152
1153
1154
1155
1156
1157
1158

ENDIF; !
$

CALL FREDUCE ( (KAFF], (PAF}, [PPOAX(BC)}, BSAERO, '
{KOOL (BC, SUB)], [KOOU(BC,SUB}], '

[KAO(BC,SUB)), [GASUBO(BC,SUB)}, [KAAA], '

[PAA], [POARO(BC,SUB)], USETX(BC)); H

St

IF BMASS <> 0 THEN '
$1!

PERFORM GUYAN REDUCTION OF THE MASS MATRIX $!

$t

CALL PARTN ( [MFFX], {MOO}, , [MOA], [MAABAR], !

CALL PARTN ( [KAR], [KRR]), (KLR], . [KLL], [PARLX(BC)] );
CALL SDCOMP ( [XLL], [KLLINV(BC)], USETX(BC), SINGLSET );

CALL FBS ( [KLLINV(BC)}, {KLR}, ([D(BC)}, -1 );

CALL RBCHECK ( BCID, USBTX(BC), BGPDT(BC), [D(BC)], [KXLL],

[PPOAX(BC}) )’ !

[MAAA] := [MAABAR) + TRANS([MOA]) * {GASUBO(BC,SUB)] + !
TRANS ( {GASUBO(BC,SUB)]) * {MOA] + !

TRANS ( [GASUBO(BC, SUB)1)} * [{MOO] * !

[GASUBO (BC, SUB) 1] ; !

IF NRSET <> 0 !
[IPMA(BC,SUB)] := {MOO]* [GASUBO (BC,SUB)]+(MOA]; !

1

H

{KRR], [KLR] );

ENDIF;
ELSE H
st
NO F-SET REDUCTION st
. $t
IF NITER = 1 AND SUB = 1 AND NRSET <> 0 AND BLOAD = 0 AND !
BMODES = 0 AND BFLUTR = O AND BDYN = 0 THEN 4
$!
FORM [KAA] ON FIRST PASS SO [D) CAN BE FORMED $!
$!
[KAA] := [KFFX]; !
ENDIF; !
[KAAR] := [KAFF]; !
{MAAA]} := [MFFX]; !
{PAA] := (PAF]; '
BNDIF; H
ENDIF; !
E3
IF NRSET <> 0 THEN '
$!
PERFORM THE SUPPORT SET REDUCTION $!
St
PRINT("LOG= (' SAERO SUPPORT REDUCTION')*®); t
$!
IF NITER = 1 AND SUB = 1 AND BLOAD = 0 AND BMODES = 0 AND !
BFLUTR = 0 AND BDYN = 0 THEN H
$!
{D] WAS NOT COMPUTED FOR NON-SAERO DISCIPLINES SO $!
NEED TO COMPUTE IT NOW $t
E
!
H
1
1
]
1

ENDIF;
$?
CALCULATE THE REDUCED MASS MATRIX $!
$t

CALL PARTN ([MAAA], [MRRBAR], [MLR], , [MLL], [PARLX(BO)}); !

[R13(BC,SUB)] := {MLL] * [D(BC)] + [MLR];

[R33)

[R22]

CALL TRNSPOSE ( [R13(BC,SUB)], (R21(BC,SUB)]} );

PROCBSS STEADY AEROELASTIC DISCIPLINE

PRINT(

CALL PARTN ( [KAAA), [KARR], {R12(BC,SUB)], [KARL], (R11],

[R32(BC,SUB)] := TRANS([D(BC)]) * [R12(BC,SUB)] + [KARR);
[R31(BC,SUB)] :» TRANS([D(BC)]) * [R1l] + [KARL];

$
CALL DECOMP ( [R11}, [RL11(BC,SUB)], {RU11({BC,SUB}] );
$

CALL ROWPART { [PAA], [PARBAR], (PAL], [PARLX(BC)] );
CALL GFBS ( [RL11(BC,SUB)], [RU11(BC,SUB)}, (PAL),

[PRIGID] := [PARBAR] + TRANS([D(BC)]) * [PAL};

[P1]
(P2}

CALL GFBS ( [RL11(BC,SUB)], [RU11(BC,SUB)}, [R12(BC,SUB)],

CALL GFBS ( [RL11(BC,SUB)], ([RU11(BC,SUB)], [R13(BC,SUB)],

(K11}

{K12(BC,SUB)} := (R21(BC,SUB)] * {R1113(BC,SUB)];
[K21(BC,SUB)] := [R32(BC,SUB)] +

:= [MRRBAR] + TRANS ( {MLR] ) * [D(BC)] +
TRANS ( [D(BC)] ) * (R13(BC,SUB)};
t= TRANS ( I[D(BC)) ) * [MLR] + [MRRBAR];

v un o

*"LOG=(* >>>DISCIPLINE: STEADY ARRO')");

[PARLX (BC)] };

{R11PAL(BC,SUB)], ~1);

:= [R21(BC,SUB})] * [R11PAL(BC,SUB}];

:= {PRIGID] + [R31(BC,SUB)] * [R11PAL(BC,SUB)};
[R1112(BC,SUB)], -1);
{R1113(BC,SUB)], -1);

:» [R22] + [R21(BC,SUB)] * (R1112(BC,SUB)];

[R31(BC,SUB)} * [R1112(BC,SUB)];

16




(X221 := [R33] + [R31(BC,SUB)] * (R1113(BC,SUB)];

CALL DECOMP ( [K11], [KL11(BC,SUB)], [KU11l(BC,SUB)] );
CALL GFBS ( [KL11(BC,SUB}],

[PAR(BC,SUB)] ),

CALL GPBS ( [KL11(BC,SUB)],

[K1112 (BC,SUB)1.,-1);

{LHSA (BC, SUB) ]
{RHSA (BC, SUB) ]

:» [K22] + [X21(BC,SUB)]) * [K1112(BC,SUB)]; -
:= [P2) - [K21(BC,SUB}] * [PAR(BC,SUB)];

[KU11(BC,SUB) ],

(KD11(BC,SUB)}, (P11,

FLEXIBLE STABILITY COEFFICIENTS COMPUTATION

CALL FLEXSTAB ( NITER, BCID, MINDRX, SUB, SYM, QDP, TRIMDATA,
STABCFA, STABCFS, BGPDT(BC),

GENERATE FLEXIBLE STRUCTURAL TRIM PARAMETER LOAD VECTORS
AND DEFLECTION VECTORS TO BE LOADED INTO GROUP FLEXLOAD

CALL GFBS ( (RL11(BC,SUB)],

{RHSA(BC,SUB)), [AAR}, [DBLTA(SUB}],

[PRIGID], [R33], CONST,

[DELC], SYMYRN(BC), STDYGEOM,

[ULFLX2}, -1);
{OLFLX1] := - {R11PAL(BC,SUB)]};
CALL ROWMERGE ( [UAFLX1], , [ULFLX1], [PARLX(BC)] );
CALL ROWMERGE ( [UAFLX2}, , [ULFLX2], [PARLX(BC)] );

IP NOMIT <> 0 THEN

CALL GFBS (

CALL TRNSPOSE { [KAO(BC,SUB)],

CALL GFBS (

[XOOL (BC, SUB)], [KOQU(BC,
[POARO(BC, SUB)], ([KOOPOA]

[KOOL (BC,SUB)), [KOOU(BC,
{KAOT(BC, SUB)), [KOOKAO],

{RU11(BC,SUB)],

ARFLG(SUB}, [AARC],
DOTRMCON ) ;

SUB)1,
e 1)

{KROT(BC,SUB)] );

SUB)),
-1);

[UOFLX1] := (XOOPOA] + [KOOKAQ]}* [UAFLX1];

[UOFLX2] :=

{XOOKAO] * {UAFLX2] ;

CALL ROWMERGE ( [UFFLX1}, [UOFLX1], ([UAFLX1],

[PPOAX(BC)] );

CALL ROWMERGE ( [UPFLX2), {UOFLX2), [(UAFLX2],

ELSE
{UFFLX1] :=
(UFFLX2] :=
ENDIF;

[PPORX(BC)] )

{UAPLX1] ;
{UAFLX2] ;

IF SYMIRN(BC) THEN
IF ACSMTR(BC) THEN
{PAG] :e (QDP) [GPTKG] * [KRRALK] * {SAROLOAD] ;
{PAGI] := (QDP) [GPTKG] * [KIMAGK) * [SAROLOAD] ;

(QDP) [GPTKG) * [SAROLOAD] ;

(QDP) [GPTKG] * [SAROLOAD] ;

:= {HFRBAL(BC}]* (UPFLX1]
:= (HFIMAG(BC))* [UFFLX1]
:= [HFREAL(BC))* [UFFLX2]

BLSE
[PAG] :=
ENDIF;

BLSE
[PAG] :=

ENDIF;

IF SYMIRN(BC)} THEN
[UFX1HRT)
[UFX1HIT)
[UFX2HRT]
(UFX2HIT)

:= [HFIMAG(BC) ] * [UFFLX2]

" IP ACSMTR(BC) THRN

{GTXGKR)
(GTKGKI}
{PLXTMP1]
{FLXTMP2]
[FLXTMP3])
[FLXXX1}
[FLXKX2]

[FLXF1R}
[FLXP1X]
[FLXP2R]
[PLXF2I)
ELSE
[FLXTMPS]
[FLXTMPA)

[UPX1SUM)
[UFX1DIF]
[UFX2SUM]
[UFX2DIF]

:= [GTKG] * [KRERALK] ;
+ = [GTKG] * [KIMAGK] ;

:= [GSKF} * [HFREAL (BC) } + [GSKF] * [HPFIMAG (BC) ] ;

12
i

: = [ [KREALT) + (KIMAGT] } * [FLXTMP1] ;
:=TRANS ( [ASAIC] ) * [FLXTMP2] ;

1= [FLXTMP3) * [UFFLX1] ;
1= [FLXTMP3) * [UFFLX2] ;

:= (QDP) [GTKGKR] * [FLXKX1]
:= (QDP) [GTKGKI] * [FLXEX1)
:= (QDP)} [GTKGKR] * [FLXKX2]
:= {QDP) [GTKGKI} * [PLXKX2]

i

i
i
;

+ = (QDP) [GTKG] * [TRANS ( [AIC] ) * [GSKF]];
s={QDP) [GTKG] * [TRANS ( [ARIC]) * (GSKF]] ;

:= (0.5) {UFX1HRT] + (0.
:= (0.5) [UFX1BRT] - (0.
:= (0.5) [UFX2ERT] + (0.
:= (0.5) [UFX2HRT] - (0.

[PLXP1SUM] : = {FLXTMPS]* [UFX1SUM);
{PLXF1DIF] : = [PLXTMPA] * {UPX1DIF};
{FLXF2SUM] := [FLXTMPS] * {UFX2SUM] ;
{FLXP2DIF) : = [FLXTMPA] * [UPX2DIF];

{FLXF1R]
[FLXP1I]

:= [FLXP1SUM] + [FLXF1DIF)
:= [FLXP1SUM] - [FLXF1DIF]

17

S) [UPX1BIT):
S) (UFX1KEIT];
5) (UFX2HIT];
S) [UFX2HIT];

[K12(BC,SUB) ],

[LHSA (BC,SUB) ],

{R13(BC,SUB)],




1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1308
1306
1307
1308
1309
1310
1311
1312
1313
1314
1318
1316
1317
1318
1319
1320
1321
1322
1323
1324
1328
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338

[FLXF2R] := [FLXP2SUM]+(FLXF2DIF} ;
[PLXF2I] := (FLXF2SUM] - {FLXF2DIF] ;
ENDIF;
ELSE
IP SYM = 1 THEN
{FLXTMP) :=(QDP) {GTKG] * {TRANS( [AIC]) * [GSKF]];
ENDIF;
IP SYM = -1 THEN
[FLXTMP] :=(QDP) [GTKG) * [TRANS ( [AAIC] ) * [GSKF]];
ENDIF;
IF SYM = 0 THEN
[FLXTMP] :a(QDP) [GTKG] * [TRANS ( [ASRIC] ) * (GSKF]];
ENDIFP;
{PLXFRC1] :={PLXTMP]* [UFFLX1] ;
[FLXFRC2] :=[FLXTMP)}* (UFFLX2] ;
ENDIF;

LOAD GROUP FLEXLOAD

IF SYMTRN(BC) THEN
CALL FLXLODLD ( BCID, SUB, TRIMIOC, TRIMDATA, [PAG],
{PAGX]), [FLXF1R], [FLXF1I], [FLXF2R],
[FLXF21], [MGG], [UFX1ERT), [UFX1HIT],
{UFX2HRT]), [UPX2HIT], BGPDT(BC),
FLEXLOAD, SYMYRN(BC), ACSMTR(BC),
NEWITER );
ELSE
CALL FLXLODLD ( BCID, SUB, TRIMIOC, TRIMDATA, [PAG], ,
[FLXFRC1], , [FLXFRC2], , [MGGI,
(UPFLX1], , [UFFLX2], , BGPDT(BC),
FLEXLOAD, SYMTRN(BC), ACSMTR(BC),
NEWITER );
ENDIF;

GENERATE TRIM PARAMETER BMST DATA

CALL PARMBMST ( TRIMIOC, FLEXLOAD, [PAG), [PAGI], [SAROLOAD],
STDYGEOM, SYMTRN(BC), ACSMTR(BC), BMSTDATA );

GENERALIZED TRIM AND TRIM OPTIMIZATION

SCHITER := O;
SCHCNVG := FALSE;
WHILE NOT SCHCNVG DO
SCHITER := SCHITER + 1;
CALL SCHDULER ( BCID, SUB, TRIMDATA, TRIMRSLT, TRIMTOC,
{ARR], (DBLTA(SUB)], SCHITER,
SCHCONVG ) ;
CALL FLEXTRIM { NITER, BCID, SUB, SYM, QDP,
TRIMDATA, TRIMRSLT, TRIMTOC,
[LHSA(BC,SUB)], [(RHSA(BC,SUB}],
[AAR), (DBLTA(SUB)], (PRIGID], [R33] );
CALL FTRIMOPT {( NITER, BCID, SUB, SYM, QDP,
TRIMDATA, TRIMRSLT, TRIMTOC,
[LHSA (BC,SUB)], [RHSA(BC,SUB}],
[AAR], -(DELTA(SUB)]), {[PRIGID], (R33],
BMSTDATA ) ;
ENDDO;

GENERATE TRIMMED BMST DATA

TRMRIGD := FALSE;

CALL OPPBMST ( NITRR, BCID, SUB, QDP, [AAR], [DBLTA(SUB)],
TRIMDATA, TRIMIOC, BMSTDATA, TRMRIGD,
OBMSTLOD )} ;

[AAL) := (D(BC)] * [AAR];
CALL ROWMERGE ( [AAA(SUB)}, [AAR], [AAL), [PARLX(BC)] );
[OAR] := {K1112(BC,SUB)] * (AAR] + [PAR(BC,SUB)] *
{DRLTA(SUB)} };
{OAL] := [R1112(BC,SUB)} * [UAR] + [R1113(BC,SUB)] * [AAR]
- [R11PAL(BC,SUB)} * [DELTA(SUB));
CALL ROWMERGE ( {UAA(SUB)], [UAR), [UAL), [PARLX(BC)] };
IF NOMIT <> 0 [PAO(SUB}] := [POARO(BC,SUB)] * [DBLTA(SUB)]
IF ABFLG(SUB) THEN
{AAL) := [D{(BC}) * [AARC];
CALL ROWMERGE ( [AAAC(SUB)], [AARC), {AAL]), [PARLX(BC)]
[UAR) := [K1112(BC,SUB)] * [AARC) + (PAR(BC,SUB)] *
[DELC] ;
[oaL) :» [R1112(BC,SUB)} * (UAR] +
[R1113(BC,SUB)] * [AARC) -
[R11PAL (BC,SUB)] * (DELC);

CALL ROWMERGE ( [UAAC(SUB)], [UAR], [UAL}, [PARLX(BC)} );

IF NOMIT <> 0 {PAOC(SUB)] := [POARO(BC,SUB)}*[DBLC] ;
ENDIF;

ELSE

NO SUPPORT SET REDUCTION
PROCESS STEADY AEROBLASTIC DISCIPLINE

18
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7! PRINT("LOG= (' »>>>DISCIPLINE: STRADY AERO')");

7'$

7! BNDIF;

6! ENDDO;

5! ENDIF;

4's

48 PERFORM ANY DYNAMIC ANALYSES ~-- NOTR THAT THESE ARE INDEPENDENT
4!8 OF THE SUPPORT SET

4'$

4! IP BDYN <> 0 THEN

st IF BFLUTR <> 0 THEN

6! PRINT("LOG= (" >>>DISCIPLINE: FLUTTER')");

6! SUBF := 0;

6! LOOP := TRUE;

6! WHILE LOOP DO

7! SUBF := SUBF + 1;

7! CALL FLUTDRV ( BCID, SUBF, LOOP );

7! , CALL FLUTQHHL ( NITER, BCID, SUBF, ESIZEB(BC), PSIZE(BC),
7! {OKXL]), [UGTKA)}, {PHIA]), USET(BC),

7! [TMN(BC)], [GSUBO(BC)]}, NGDR, AECOMPU, GEOMUA,
7! [PHIKH], [QHHLFL(BC,SUBF)], OAGRDDSP );

T CALL FLUTDMA ( NITER, BCID, SUBF, BSIZE(BC), PSIZE(BC),
7! BGPDT(BC), USET(BC), [MAA], [KAR], [TMN(BC)],

7! {GSUBO{BC)], NGDR, LAMBDA, [PHIA],

7! {MHHFL (BC, SUBF) }, [BHHFL(BC,SUBF)), [KHHFL(BC, SUBF)])
7! CALL FLUTTRAN ( NITER, BCID, SUBP, (QHHLFL(BC,SUBF)], LAMBDA,
7! HSIZE(BC), BSIZE(BC), (MHHFL(BC,SUBF)],
7 [BHHFL (BC, SUBF) ), [KHHFL(BC,SUBP)],

71 CLAMBDA, CONST };

7t ENDDO;

6! ENDIF;

5!$

St IF BDRSP <> 0 THEN

6! IF BMTR <> 0 OR BDTR <> 0 THEN

71 PRINT("LOG={" >>>DISCIPLINE: TRANSIENT RESPONSB')™);
T ENDIF;

6! IF BMFR <> 0 OR BDFR <> 0 THEN

7t PRINT("LOG= (' >>>DISCIPLINE: FREQUENCY RESPONSE'}*®);
T ENDIF;

6! CALL QHHLGEN (BCID, ESIZEB(BC), [QKKL], [QKJL], [UGTKA], [PHIA],
6! (PRIKH], {[QHHL}, [QHJL]);

6! CALL DMA { NITBR, BC, BSIZR(BC), PSIZB(BC), BGPDT(BC), USET(BC),
6! [MAR], [KAA], {TMN(BC)], [GSUBO(BC)], NGDR,

6! LAMBDA, [PHIA], [MDD], (BDD], (KDDT], [KDDF],

1] (MHH], (BHH]), [KHET], [KHEF) );

6! CALL DYNLOAD ( NITER, BCID, GSIZE, BSIZE(BC)}, PSIZE(BC), SMPLOD,
6! BGPDT(BC), USBT(BC), [TMN(BC)], [GSUBO(BC)],
6! NGDR, [PHIA}, [QBJL), (PDT}, (PDF],

6! [PTGLOAD), {PTHLOAD], [PPGLOAD], [PFHLOAD] );
6! CALL DYNRSP (BCID, ESIZE(BC), (MDD}, (BDD), (KDDT}, [KDDF],
6! [MEH]), ‘[BER], [KHHT], [KHHF], (PDT], [PDF],

6! [QHHL], {UTRANA], [UFREQA}, [UTRANI], (UFREQI],
6! [UTRANE], {UFRBQE] );

6! IP BMTR <> 0 [UTRANA] := [PHIA] * [UTRANI];

6! IP BMFR <> 0 [UFREQA] := (PHIA] + [UFREBQI];

6! ENDIF;

St ENDIF;

4 IF BBLAST <> O THEN

s PRINT("LOGs(* >>>DISCIPLINE: BLAST')");

st CALL BLASTFIT ( BCID, (QJJL], (MATTR], [MATSS], BQDP, (BFRC],
S [DWNWSH}, HSIZE(BC), [ID2]}, [MPART), [UGTKA],
5! [BLGTJA], [BLSTJA) );

5! CALL COLPART ( [PHIA], , [PHIB]}, [MPART] );

St CALL ROWMBRGE ( (PHIR], {ID2], [D(BC)]), [PARLX(BC)] ).

5! CALL COLMEBRGE ( (PRIB], [PHIR], (PHIR), (MPART] );

5¢ [GENM) := TRANS( [PHIB] ) * ( (MAA} ¢ [PHIB] ];

51 [GERNK) := TRANS( [PHIB] )} » [ [KAA) + [PHIB] ];

5! [DTSLP] := TRANS ( [BLSTJA] ) * (PHIB};

5! [$:2¢3] := TRANS ( [PHIB] ) * [BLGTJA];

5! {GENF] := (BQDP) {FTF) * [BFRC);

5 [GBNFA] := (BQDP) [FIF] * ([MATSS];

5! [GENQ) := [GENFA) * [DTSLP];

5! [GENQL] := (BQDP) ([FTF] * ([MATTR];

5! CALL PARTN ( (GENQ],[QRR) , , [QRE], [QBE], (MPART} );

51! CALL PARTN ( [GENK), , , , [KBB], [MPART] );

5! {XBQE] := [QEBE] + [KBE};

5! CALL DECOMP ( (KEQB], [LKQ], [URQ] ).

s CALL ROWPART ( [GENF], (GFR], [GFE], [MPART) );

5! CALL GFBS ( [LKQ], [UKQ}, [GFE], [BTEM] );

S {DBLM] := -{QRE] * [BTEM] + [GFR];

5! CALL BLASTRIM ( BCID, (DEIM], {MRR(BC)], (URDB], [DELB] );

5! {ELAS) := [BTEM] * (DELB];

5! [SLPMOD) := TRANS ( [BLSTJA] ) + [PHIE];

5! CALL BLASTDRV ( BCID, [GENM], [(GENK), [GENFA], (GENQL], [DELB],
5! {URDB}, (DWNWSH], (SLPMOD}, [(BLAS], (UBLASTI] );
5! ENDIF:

4:$

4's BBGIN THE DATA RECOVERY OPERATIONS

4:3

4! PRINT ("LOG= ("' DATA RECOVERY')"™);
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IF NUMOPTEC > 1 CALL NULLMAT ([UF], (AF), (PHIF}, [UTRANF], [(UFREQF], !

{UFX], [AFX]); !
IF NBNDCOND > 1 CALL NULLMAT ( [UAF], [UAFI), [AAF], (AAFI]); !
IF NGDR <> 0 THEN !

PRINT(*LOG= (' STATIC CONDENSATION RECOVERY')");
IF BLOAD <> 0 THEN
CALL RECOVA ( [UA], [(PO], [GSUBO(BC)], NRSET, [AA],
fImM(BC)], . [KOOINV(BC)],, [PPOAX(BC)], ([UFX] );
IF NRSET <> 0 CALL RECOVA { (AR}, , [GSUBO(BC)I,,,....
[PFOAX(BC)], [AFX] );
ENDIF;
IF BSABRO <> 0 THEN
FOR § = 1 T0 SUB DO
CALL RBCOVA ( [UAA(S)}, [PAO(S)), [GASUBO(BC,S)],
NRSET, [AAA(S)], {IPMA(BC,S)], BSAERO,
{KOOL(BC,S)], [KOOU(BC,S)],
[PFOAX(BC)], [UAFTMP] );

$!
DATA RECOVERY WITH GDR $!
APPEND THE GDR-GENERATED DOFS TO THE P-SET $!
$!

PRINT("LOG=(" DYNAMIC REDUCTION RECOVERY')}"); !
IF BLOAD <> 0 THEN !
- [(UPGDR] := [GSUBO(BC)] * [UA]; !
CALL ROWPART ( [UA], (WKI], , [PAJK] ); !
CALL ROWMERGE ( (UF¥X]}, {UJK], [UFGDR], [(PFJK] }; !
IP NRSET <> 0 THEN '
[APGDR] := [GSUBO(BC}) * {AA); !

CALL ROWPART ( [AA], [UJK], , [PAJK] ); !

CALL ROWMBRGE ( [AFX], {[UOJK], [AFGDR], [PFJK)] ); !

’ ENDIF; ]
ENDIF; !
IF BSAERO <> 0 THEN !
FOR § = 1 TO SUB DO !
{UPGDR] := [GSUBO(BC)] * [UAA(S)]; '

CALL ROWPART ( [UAA(S}], {WJK], , [PAJK] ); '

CALL ROWMERGE ( (UAFTMP], [UJX), [UFGDR], [PFJK] ); !

$!

MERGE THE CURRENT SUBCASE DEPENDENT RESULTS INTO A SINGLE $!
MATRIX OF RESPONSE QUANTITIES FOR FURTHER RECOVERY $!

$!

CALL SAEROMRG ( BCID, S, TRIMDATA, [UAFX], [UAFTMP] ); '

IF NRSET <> 0 THEN ) !
[AFGDR] := {(GSUBO(BC)] * [AAA(S)]; !

CALL ROWPART ( [AAA(S)], [QJK), , (PAJK] ); !

CALL ROWMERGE ( [AAFTMP], (UJK1, [AFGDR], [PFJK! ); !

CALL SAEROMRG ( BCID, S, TRIMDATA, [AAFX), [AAFTMP] ); '

ENDIP; H

IF AEFLG(S) THEN !
[UPGDR) := [GSUBO(BC)]) * {UAAC(S)]; !

CALL ROWPART ( [UAAC(S)], [WK], , [PAJK] ); !

CALL ROWMERGE ( [UAPCX(S)], [WJX], [UPGDR], [PFJK] ); !

[AFGDR] := [GSUBO(BC)] * [AAAC(S)]; ¢

CALL ROWPART ( [AAAC(S)], (WJK], , [PAJK] ); !

CALL ROWMERGE ( [AAPCX(S}], [UJK], [APGDR), [PFJX} }; H

ENDIF; ¢
BNDDO; !
ENDIF; '
IF BMODBS <> O THEN '
[UPGDR]  := [GSUBO(BC)) * [PHIA]; t
CALL ROWPART ( [PHIA], [UJK], , {PAJK] ); !
CALL ROWMERGE ( [PHIF), {UJK], [UFGDR], (PFJX] ); t
ENDIF; 1
IP BDTR <> 0 OR BMTR <> O THEN '
[UPGDR] := [GSUBO(BC)) * [UTRANA); !
CALL ROWPART ( [UTRAMA], [GJKI, , [PAJK] ); t
CALL ROWMERGE ( [UTRANF], {UJK}, [UPGDR], ([PFJK] }; !
ENDIF; ]
IP BDFR <> 0 OR BMFR <> 0 THEN '
[UPGDR) := [GSUBO(BC)] * [UFREQA]; !
CALL ROWPART ( (UFREQA), [UJK), , [PAJK] ); !
CALL ROWMERGE ( [UFREQF], (UJK], [UPGDR], [PFJK] ); '
BNDIF; ]
ELSE 1
IP NOMIT <> 0 THEN '
. $!

DATA RECOVERY WITH STATIC CONDENSATION $!

1

s!

1

1]

1]

1]

1

1

1

1]

[

1

1

1]

st

MERGE THE CURRENT SUBCASE DRPENDENT RESULTS INTO A SINGLE $!
MATRIX OF RESPONSE QUANTITIES FOR FURTHER RECOVERY $!

$!
CALL SAEROMRG ( BCID, S, TRIMDATA, {UAFX], (UAFTMP] ); !

IP NRSET <> 0 THEN !
CALL REBCOVA ( [AAA(S)],, [GASUBO(BC,S)}),,.,.,, !
[PPOAX(BC)], [AAFTMP]); !

CALL SAEROMRG ( BCID, S, TRIMDATA, ([AAFX), [AAFTMP) ); !
ENDIF; ]
IP ABFLG(S) THEN !
CALL RECOVA ( (UAAC(S)], [PAOC(S)]. [GASUBO(BC,S)], !
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1519
1520
1521

NRSET, [(AAAC(S)}, ([IFPMA(BC,S)]. BSAERO,
(ROOL(BC,S)), [KOOU(BC,S}],
[PPOA(BC)], [UAFCX(S)] );

CALL RECOVA ( [ARAC(S)],, (GASUBO(BC,S)}1,,.,....
[PFOA(BC)], [AAFCX(S)]);

]

]

1

1]

1

ENDIF; ]
ENDDO; ]
ENDIF; 1
IF BMODES <> 0 THEN ]
[PHIO] := (GSUBO(BC)! * (PHIA]; !
CALL ROWMERGE ( [PHIF}, [PHIO), [PHIA], [PFOAX(BC)] ); !
ENDIF; ¢
IF BDTR <> 0 OR BMIR <> 0 THEN !
CALL RECOVA ( (UTRANA], , [GSUBO(BC)}!,.,.,.,. !
[PFORX(BC)], [UTRANF] ); !

ENDIP; !
IP BDFR <> 0 OR BMFR <> 0 THEN !
CALL RECOVA ( [UFREQA}, , [GSUBO(BC)],,..... !
[PFOAX (BC)], [UFREQF] ) !

ENDIF; 1
ELSE !
1

[}

1

]

1

1

'

'

DATA RECOVERY WITHOUT F-SET REDUCTION

“w

IF BLOAD <> 0 THEN
{UFX] := (UA];
IP NRSET <> 0 (AFX]) := [AA];
ENDIF;
IF BSAERO <> 0 THEN '
FOR S = 1 TO SUB DO !
$?
MERGE THE CURRENT SUBCASE DEPENDENT RESULTS INTO A SINGLE §!
MATRIX OF RESPONSE QUANTITIES FOR FURTHER RECOVERY st
s!
CALL SAEROMRG ( BCID, S, TRIMDATA, [(UAFX], [UAA(S)] ); H
IP NRSET <> 0 !
CALL SAEROMRG ( BCID, S, TRIMDATA, [AAFX], [AAA(S)] ); !
IF AEFLG(S) THEN !
{UAFCX(S)] := [UAAC(S)]; !
[AAPCX(S)] := [ARAC(S)]; !
ENDIF; !
ENDDO; !
ENDIF; ]
IF BMODES <> 0 [PHIF]  := [PHIA}; !
IF BDTR <> 0 OR BMTR <> O [UTRANF] := [UTRANA]; !
IF BDFR <> 0 OR BMFR <> O [UFREQF] := (UFREQA]; !
ENDIF; '
ENDIF; ¢
s!
IF SYMIRN(BC) THEN '
IF BLOAD <> 0 THEN !
[UF] := (HPRBAL(BC)] * [UFX}; !
IF NRSET <> 0 [AF] := [HFRRAL(BC)) * [AFX]; '
ENDIFP; '
IF BSABRO <> 0 THEN '
{UAF] := [HFREAL(BC)] * {UAFX]; !
[UAFI] := [HFIMAG(BC)] * [UAFX]; '
IF NRSET <> 0 [AAF] := [HPREAL(BC)] * {AAFX]; !
IF NRSBT <> 0 [AAPI] := [HPIMAG(BC)] * [AAFX]; '
FOR S = 1 TO SUB DO !
IF AEFLG(S) THEN !
[(GAFC(S)] := [HFRBAL(BC)] * [UAFCX(S)]; :
[UAFCI(S)] := [HPIMAG(BC)) * [UAFCX(S)];: '
[AAFC(S)] := [HFREAL(BC)) * [AAFCX(S)]; !
{AAFCI(S)) := {HFIMAG(BC)) * [AAPCX(S)]; '
BNDIF; [
ENDDO; !
ENDIF; !
BLSE '
IF BLOAD <> 0 THEN H
[UF] := {UFX]; ’ !
IF NRSET <> 0 ([AF] := (AFX]; !
ENDIF; H
IF BSABRO <> 0 THEN '
{UAF] := (UAFX]; !
IF NRSET <> 0 [AAF] := [AAFX]; !
POR S = 1 TO SUB DO '
IF ABPLG(S) THEN '
[UAPC(S)) := [UAPCX(S)]; !
[AAPC(S)] := [AAFCX(S)]; !
ENDIF; t
BNDDO ; !
ENDIF; 1
ENDIF; '
$!
IF NUMOPTBC > 1 CALL NULLMAT ( [UN], [AN], (PHIN] ); !
IF NSPC <> 0 THEN ’ i
1
1

$
DATA RECOVERY WITH SPC-REDUCTION $
$!
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1609 5! : PRINT ("LOG= ("' SPC RECOVERY')");

1
1610 51 IF BLOAD <> 0 THEN !
1611 6! CALL YSMERGE ( [UN}, [YS(BC)]l, [UF], [PNSF(BC)] ); !
1612 6! CALL OFPSPCF ( NITER, BCID, 1, 1, GSIZE, BSIZE(BC), NGDR, !
1613 6! [KPS], (Kss), [UF], [YS(BC)], [PS], !
1614 6! [PNSF(BC)], [PGMN(BC)}, (PFJKI, , , , !
1615 6! BGPDT(BC), OGRIDLOD ); !
1616 6! IF NRSET <> O CALL YSMERGE ( [AN), , [AF]l, [PNSF(BC)] ); !
1617 (1] ENDIF; !
1618 51 IF BSAERO <> O THRN 4
1619 6! CALL YSMBRGE ( [UAN], [YS(BC)), {UAF}, [PNSF(BC)] ); !
1620 6! IP NRSET <> 0 CALL YSMERGE ( [AAN], , [AAF], [PNSF(BC)] ); !
1621 6! . IF SYMTRN(BC) THEN !
1622 7! CALL YSMERGE ( [UANI]), [YS(BC)], [UAFI], [PNSF(BC}] ); !
1623 71 IF NRSET <> 0 CALL YSMERGE ( {AANIl, , [AAFI], [PNSF(BC)} ); !
1624 7! ENDIF; t
1625 6! POR § = 1 TO SUB DO !
1626 7! , IF AEFLG(S) THEN !
1627 8! CALL YSMERGE ({UANC{S)], [YS(BC)], (UAPC(S)]., [PNSF(BC}})); !
1628 8! CALL YSMERGE ([ARNC(S)], ., [AAPC(S)], [PNSF(BC)1); !
1629 8! IF SYMTRN(BC) THEN C !
1630 9! CALL YSMERGE ([UANCI(S)), [¥S(BC)], [UAPCI(S)], '
1631 9! [PNSF(BC) 1) ; !
1632 9! CALL YSMERGE ([ARANCI(S)], , [AAPCI(S)]), (PNSF(BC)}};: !
1633 9! ENDIF; !
1634 8! ENDIF; H
1635 7! ENDDO ; !
1636 6! ENDIF; !
1637 51 IF BMODES <> 0 THEN '
1638 6! CALL YSMERGE ( [PHIN], (YS(BC}], [PHIF], t
1639 6! [PNSP(BC)] ); !
1640 6! IF DMODES <> 0 CALL OFPSPCF ( NITER, BCID, 2, 1, GSIZE, !
1641 7! BSIZE(BC), NGDR, !
1642 7! (xrs), , [PHIF), , , !
1643 7 [PNSF(BC}], [PGMN(BC)]), [PFJK], !
1644 7t . . » BGPDT(BC), OGRIDLOD ); t
1645 6! ENDIF; !
1646 51 IF BDTR <> 0 OR BMIR <> 0 4
1647 61 CALL YSMERGE ( [UTRANN], [YS(BC)), [UTRANP], t
1648 6! {PNSF(BC)], BDTR ); !
1649 s! IF BDFR <> 0 OR BMFR <> 0 t
1650 6! CALL YSMERGE ( [UFREQN], [(YS(BC)), [UFREQF], !
1651 6! {PNSF(BC)], BDFR ); !
1652 s IP BBLAST <> 0 THEN '
1653 6! {UBLASTP] := [PHIF]*[UBLASTI}:; !
1654 6! CALL OFPSPCF ( NITER, BCID, 8, 1, GSIZE, BSIZE(BC), NGDR, t
1655 6! [KPS], , (UBLASTF], , , [PNSF(BC)), [PGMN(BC)], !
1656 6! {(PP3X], , , , BGPDT(BC), OGRIDLOD ); t
1657 8! ENDIF; '
1658 5! BLSE !
1659 5t$ $1
1660 518 DATA RECOVERY WITHOUT SPC-REDUCTION $!
1661 HEH . §!
1662 H IF BLOAD <> O THEN '
1663 6! {UN] := [UF}; !
1664 6! IF NRSET <> O [AN] := [AF]; !
1665 6! ENDIF; '
1666 51 IP BSAERO <> O THEN '
1667 6! [UAN] := [UAP); !
1668 6! IF NRSET <> 0 [AAN] := [AAP); '
1669 6! IP SYMTRN(BC) THEN !
1670 71 [UANI]) := [UAPY]; '
1671 71 IF NRSET <> 0 [AANI] := [AAFI); '
1672 7t BNDIF; '
1673 [ ] FOR S = 1 TO SUB DO '
1674 7! IF ABPLG(S) THEN !
1675 8! [UANC(S)} := [UAPC(S)]); . !
1676 8! [AANC(S)] := [AAFPC(S)]; !
1677 B! IP SYMTRN(BC) THEN !
1678 9t [UANCI(S)}] := [UAPCI(S)}; !
1679 9! [AANCI(S)] := [AAPCI(S)]; !
1680 9! ENDIF; !
1681 8! ENDIF; !
1682 7! BNDDO; !
1683 6! ENDIF; '
1684 51 IF BMODES <> 0 {PHIN] := [PHIF]; !
1685 5! IF BDTR <> 0 OR BMIR <> 0 (UTRANN] := [UTRANA]; '
1686 (3] IF BDFR <> 0 OR BMFR <> 0 [UFREQN] := [UFREQA]; '
1687 51 ENDIF; '
1688 41s $t
1689 4! IF NUMOPTEC > 1 CALL NULLMAT ( [UG(BC)], [AG(BC)], (UAG(BC)I, !
1690 51 [AAG(BC)}, (PHIG(BC)]}, [UAGI(BC)], '
1691 3] {AAGI(BC)) ); !
1692 415 $!
1693 41 IF NMPC <> 0 THEN '
1694 51§ st
1695 51§ DATA RECOVERY WITH MPC-REDUCTION $!
1696 518 st
1697 5! PRINT ("LOG= (" MPC RECOVERY')*); !
1698 51 IF BLOAD <> O THEN . !
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1781
1782
1783
1784
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1787
1788

foM] := [TMN(BC)] * [UN];
CALL ROWMERGE ( [UG(BC)], [UM}, [UN], (PGMN(BC)] );
IF NRSET <> 0 THEN
[UM] := [TMN(BC)] * [AN];
CALL ROWMERGE ( [AG(BC)], [UM], [AN], [PGMN(BC}] );
ENDIF;
ENDIF;
IF BSAERC <> 0 THEN
[OM} := [TMN(BC)] * {UAN];
CALL ROWMERGE ( (UAG(BC)]., ([UM], [UAN], [PGMN(BC)] }:
IF NRSET <> O THEN
{UM] := [TMN(BC)] * [AAN];
CALL ROWMERGE ( [AAG(BC}}, [UM], [AAN], [PGMN(BC)] );
ENDIF;
IFP SYMTRN(BC) THEN
[UM] := [TMN{(BC)] * [UANI];
CALL ROWMERGE { [UAGI(BC)], [UM], [UANI}, [PGMN(BC)] );
IF NRSET <> 0 THEN .
{tM} := [TMN(BC)] * [AANI);
CALL ROWMERGE ( [AAGI(BC)], [UM], (AANI}, [PGMN(BC)I };
ENDIF;
ENDIF;
FOR S = 1 TO SUB DO
IP ABFLG(S) THEN
{OM} := [TMN(BC)] * [UANC(S)];
CALL ROWMERGE ({UAGC{(BC,S)), [UMl, [UANC(S)], [PGMN(BC)]);
{oM) := [TMN(BC)] * [AANC(S)];
CALL ROWMERGE ([AAGC(BC,S)], [UM}, [AANC(S)], [PGMN(BC)});
IF SYMTRN(BC) THEN
[UM} := [TMN(BC)] * [UANCI(S)}]);
CALL ROWMEBRGE ({UAGCI(BC,S)], [UM], [UANCI(S}],
. {PGMN(BC) ]} ;
{UM] := [TMN(BC)} * [AANCI(S}];
CALL ROWMERGE ( [AAGCI(BC,S)], [UM], [AANCI(S)],
[PGMN(BC) 1) ;
ENDIF;
ENDIP;
ENDDO;
EBNDIF;
IF BMODBS <> 0 THEN
{UM] := [TMN(BC)] * [PHIN];
CALL ROWMERGE ( [PHIG(BC)], (UM], [PHIN], ([PGMN(BC)] );
ENDIF;
IF BDTR <> 0 OR BMTR <> 0 THEN
[UM]) := [TMN(BC)] ¢ [UTRANN];
CALL ROWMERGE ( [UTRANG], [UM], [UTRANN], [PGMN(BC)] );
ENDIF;
IF BDFR <> 0 OR BMFR <> 0 THEN
(UM] := [TMN(BC)] * ([UFREQN];
CALL ROWMERGE ( [UFREQG), [UM], [UFREQN]}, [PGMN(BC)] );
ENDIF; .
ELSE

DATA RECOVERY WITHOUT MPC-REDUCTION

IF BLOAD <> O THEN
[UOG(BC)] := [UN];
IF NRSET <> 0 [AG(BC)] := [AN]);
ENDIF;
IF BSAERO <> 0 THEN
{UAG(BC)) := [UAN];
1P NRSET <> 0 {ARG(BC)] := (AAN];
IP SYMTRN(BC) THEN
{UAGX(BC)) := [UANI);
IF NRSET <> 0 [ARGI(BC)] := [AANI);
ENDIF;
FOR § = 1 TO SUB DO
IF ABFLG(S) THEN
[UAGC(BC,S)] :=» {UANC(S)];
[AAGC(BC,S)]) := [AANC(S)];
IF SYMTRN(BC) THEN
[{UAGCI(BC,S)) := [UANCI(S)];
[AAGCI(BC,S)) := [AANCI(S)];
ENDIF;
ENDIF;
BNDDO ;
ENDIF;
IF BMODBS <> 0 [PRIG(BC)] := [PHIN];
IF BDTR <> 0 OR BMIR <> 0 [UTRANG] := (UTRANN];
IF BDFR <> 0 OR BMFR <> 0 [UFRBQG] := [UFREQN];
ENDIF;

"RECOVER PHYSICAL BLAST DISCIPLINE DISPLACEMENTS

IF BBLAST <> 0 (UBLASTG] := {PHIG(BC)] * [UBLASTI];
PERPORM CONSTRAINT EVALUATION FOR STATIC DISCIPLINES

PRINT("LOG=("' CONSTRAINT EVALUATION')"):
IF BLOAD <> O THEN
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$!
st
st

$!
$?
$!

$!
$!
$!




CALL DCEVAL { NITER, BCID, [UG(BC)]}, BGPDT(BC), CONST };
CALL SCEVAL ( NITER, BCID, [UG(BC)}, [SMAT}, [NLSMAT], SMATCOL,
NLSMTCOL, TRBF, TREFD, [GLBSIG],
{NLGLBSIG), CONST );
ENDIF;
IF BSAERO <> 0 THEN
CALL DCEVAL ( NITER, BCID, [UAG(BC)), BGPDT(BC), CONST, BSAERO,
TRIMDATA, [UAGI(BC)] ); .
CALL SCEVAL ( NITRR, BCID, [UAG(BC)], [SMAT], (NLSMAT], SMATCOL,
NLSMTCOL, TREF, TREFD, [GLBSIG],
{NLGLBSIG], CONST, BSAERO, TRIMDATA,
[UAGI(BC)], [GLBSIGI], [NLGBSIGI) );

IF SYM = 1 THEN
CALL OFPAEROM ( NITER, BCID, MINDERX, SUB, GSIZE, SAGEOM,
TRIMDATA, .
[GTXG], [GSTXG], QDP, [SAROLOAD],
(DELTA(SUB)1, [AIC],
[UAG(BC}], OAGRDLOD, OAGRDDSP );
ELSE
IF SYM = -1 THEN
CALL OFPAEROM ( NITER, BCID, MINDEX, SUB, GSIZE, SAGEOM,
TRIMDATA,
[GTKG), [GSTKG], QDP, [SAROLOAD],
[DELTA(SUB)], [AAIC],
{UAG(BC)), OAGRDLOD, OAGRDDSP };
BLSE
IF SYM = O THEN
CALL OFPAEROM ( NITER, BCID, MINDEX, SUB, GSIZE,
SAGEOM, TRIMDATA,
[GTKG], [GSTKG], QDP, [SAROLOAD],
[DELTA(SUB) ]}, [ASAIC), :
[UAG(BC)], OAGRDLOD, OAGRDDSP );
ENDIF;
BNDIF;
ENDIF;

1

'

1

1

13

'

14

[}

1

13

.

!

BNDIF; '
$t

HANDLE OUTPUT REQUESTS $!
$!

PRINT ("LOG= ' OUTPUT PROCESSING')"); !
JF BSAERO <> O THEN !
$1

RECOVER STATIC AEROELASTIC LOADS DATA st
$!

1O00P := TRUE; 1
SUB := 0; !
WHILE LOOP DO '
SUB := SUB + 1; t
CALL SAERODRV (BCID, SUB, LOOP, MINDEX, SYM, MACH, QDP, !
TRIMDATA, TRIMRSLT, MBTHOD ); !

$?

CALL THE TRIMMED LOADS COMPUTATION WITH PROPER MATRICES st
$!

IF SYM = 1 THEN !
CALL OFPALOAD ( NITBR, BCID, MINDEX, SUB, GSIZE, TRIMDATA, '
BGPDT (EC) , !

IGPTXG], [GTXG), [GSTXG], QDP, [SAROLOAD], !

[DBLTA(SUB)], [AIC], !

{UAG(BC)}, [MGG], [AAG(BC}], (KPS], !

(kSS), [UAF], [YS(BC)], [PNSF(BC)], !

[PGMN(BC)], [PPJK], NGDR, USET(BC), !

OGRIDLOD ) ; ) !

BLSE !
IP SYM ~ -1 THEN '
CALL OFPALOAD ( NITER, BCID, MINDEX, SUB, GSIZE, TRIMDATA, !
BGPDT(BC), '

{GPTXG], [GTXG}, (GSTKG], QDP, {[SAROLOAD], !

(DELTA(SUB)], [AAIC], !

[UAG(BC)], [MGG], [AAG(BC))], [KPS], '

{XsS], [(UAP], [YS(BC)], [PNSF(BC)), t

[PGMN(BC)), [PPIK], NGDR, USET(BC), !

OGRIDLOD ) ; '

ELSE ]
IF SYM = 0 THEN '

CALL OFPALOAD ( NITER, BCID, MINDEX, SUB, GSIZE, !
TRIMDATA, BGPDT(BC}, !

[GPTEG], [GTKG], (GSTKG], QDP, [SAROLOAD], '

{DELTA(SUB)], [ASAIC], '

(UAG(BC)], (MGG), [AAG(BC)], (KPS], !

[KSS), [UAP), [YS(BC)], (PNSP(BC)], !

(PGMN(BC)], [PPJX), NGDR, USET(BC), !

OGRIDLOD ) ; '

ENDIF; i '
ENDIF; ]
ENDIF; ]
$?

CALL TO COMPUTE THE TRIMMED LOADS/DISPLACEMENTS ON THE st
AERODYNAMIC MODEL $t
st

-t

1}

1}

1

1

1

1}

1

.

®

1

1]

1

1]

1

1]

1]

1]

1

1]

1

1

13

1
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1879 st ENDIF;

1880 4! IF BDRSP <> 0 THEN

1881 51 CALL OFPDLOAD ( NITER, BCID, BGPDT(BC), PSIZE(BC), ESIZE(BO),
1882 5! {PHIG(BC)], (PTGLOAD], [PTHLOAD], [PFGLOAD],

1883 5! [PFHLOAD), OGRIDLOD );

1884 5! IF BDTR <> 0 OR BMIR <> 0 :

1885 6! CALL OFPSPCF { NITRR, BCID, 5, 1, GSIZE, RSIZE(BC),
1886 61 NGDR, [KFS1, , [UTRANF], , ,

1887 6! [PNSP(BC)], [PGMN(BC)], [PFJK],
1888 6! [PEIG(BC}}, [PTGLOAD], [PTHLOAD],
1889 6! BGPDT(BC) , OGRIDLOD };

1890 St IP BDFR <> 0 OR EMFR <> 0

1891 6! CALL OFPSPCF ( NITER, BCID, 6, 2, GSIZE, BSIZE(BC),
1892 61 NGDR, [(KPS], , [UFREQF], ., .

1893 6! [PNSP(BC)), [PGMN(BC)}, [PFJK],
1894 6! {PHIG(BC)), [PFGLOAD}, (PFHLOAD],
1895 6! BGPDT(BC), OGRIDLOD );

1896 5! ENDIF;

1897 4! CALL OFPLOAD ( BCID, NITBR, GSIZE, BGPDT(BC), PSIZE(BC),

1898 4! eG) );

1899 4! CALL OFPDISP ( BCID, NITER, GSIZE, BGPDT(BC), ESIZE(BC),

1900 4! PSIZE(BC), OGRIDDSP, [UG(BC)], [AG(BC)], [UAG(EC)],
1901 4! [ARG(BC)), [UBLASTG], ., [UTRANG], [UTRANB)], [UFREQG],
1902 4! [UFREQB], LAMBDA, [PHIG(BC)), , SYMTRN(BC), {UAGI(BC)],
1903 4! [AAGI(BC)} );

25

1304 4! CALL EDR ( BCID, NITER, NDV, GSIZE, EROSUMMRY, EODISC,

1905 4! GLBDES, LOCLVAR, {PTRANS],

1906 4! (UG(BC)], [UAG(BC)], , [UTRANG], [UFREQG], [PHIG(BC)I,
1907 4! . SYMTRN(BC), [UAGI(BC}] );

.1908 4! CALL PBKLEVAL ( BCID, NITER, NDV, GLBDEBS, LOCLVAR, [PTRANS], CONST,
1909 4! PDLIST, OPNLBUCK );

1910 4! CALL EBKLEVAL ( BCID, NITER, NDV, GLBDBS, LOCLVAR, [(PTRANS], CONST,
1811 4! FDSTEP, OEULBUCK ) :

1912 4! CALL OFPEDR ( BCID, HSIZE(BC), NITER, SYMIRN(BC) );

1913 4!

1914 - R R ]
1915 4!

1916 4! ENDDO;

1917 38

1918 s SELECT ACTIVE CONSTRAINTS

1919 3!

1920 3 CALL FNEVAL ( NITER, CONST );

1921 3¢ PRINT("LOG= ("' CONSTRAINT SCRERNING')");

1922 3! CALL WOBJGRAD ( NITER, NDV, GLBDES, DWGH1, DDWGH2 );

1923 3! CALL ACTCON ( NITER, MAXITER, NRFAC, NDV, EPS, APPCNVRG, GLBONVRG,
1924 3! CTL, CTLMIN, CONST, [AMAT}, DEBSEIST, PFLAG );
1928 3t CALL DESPUNCH ( NITER, PFLAG, OLOCALDV };

1926 38

1927 31 IP GLBCNVRG OR NITER > MAXITER THEN

1928 418

1929 4'S LAST ITERATION OUTPUT

1930 4'S

1931 4! FOR BC = 1 TO NUMOPTEC DO

1932 S! CALL BCIDVAL ( BC, CASE, BCID );

1933 S! CALL OFPMROOT ( NITER, BCID, LAMBDA, 1 };

1934 5! CALL OFPDISP ( BCID, NITER, GSIZER, BGPDT(BC), BSIZR(BC),
1935 5t PSIZEB(BC), OGRIDDSP,,,,,s»sss,,LAMBDA,,,

1936 5! PR I ¥

1937 5! CALL OFPEDR ( BCID, HSIZE(BC), NITRR, SYMTRN(BC), 1 );

1938 5! ENDDO;

1939 4! LASTITER := 1;

1940 4! CALL GDVPRINT ( NITER, NDV, GLBDES, MOVLIM, LASTITER, GPRINT };
1941 41 CALL GDVPUNCH ( NITER, NDV, GLBDES, GPUNCH, LASTITER );

1942 4! CALL LDVLOAD ( GLBDES, LOCLVAR,  [PTRANS], OLOCALDV, NITER, NDV,
1943 4! LASTITER, LOADLDV );

1944 4! CALL LDVPRINT ( OLOCALDV, NITER, LASTITER, LPRINT );

1945 4! ENDIF;

1946 38

1947 3! IF NOT GLBCNVRG AND NITER <= MAXITER THEN

1948 43

1949 43 USE APPROPRIATE RESIZING METHOD

1950 4:$ '

1951 4! IF NITER >= FSDS AND NITER <= PSDE THEN

1952 st PRINT("LOGa (' FULLY STREBSSED DESIGN')}");

1953 5! CALL PSD ( NDV, NITBR, PSDS, FSDE, MPS, OCS, ALPHA,

1954 st CNVRGLIM, GLBDBS, LOCLVAR, [PTRANS], CONST,

1855 5! APPONVRG, CTL, CTLMIN, DESHIST );

1956 5! ENDIF;

1957 4!

1958 4! IF ( NITER >= MPS AND NITER <= MPR ) OR

1959 5S¢ { NITER >= OCS AND NITER <= OCE ) THEN

1960 Ss!$

1961 S1$. USE MATHEMATICAL PROGRAMMING OR OC METHCDS

1962 5!$ ’

1963 5:% OBTAIN THE SENSITIVITIBS OF THE CONSTRAINTS WRT THE

1964 5!$ DESIGN VARIABLES

1965 5's

1966 5! PRINT (*LOG= (' SENSITIVITY ANALYSIS')®);

1967 S! CALL GDVGRAD ( NITER, NDV, CONST, GLBDES );

1968 -3 CALL MSWGGRAD { NITER, NDV, GLBDES, DESLINK, CONST );
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2005
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2009
2010
2011
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5! CALL MAKDFV ( NITER, NDV, [PMINT], [PMAXT], CONST, GLBDES, '
5! DBSLINK, FDSTEP, [AMAT] ); !
5! CALL MKDFDV ( NITER, NDV, CONST, DESLINK, GLBDES, [AMAT] ); '
5! CALL LAMINSNS ( NITER, NDV, GLEDES, LOCLVAR, [PTRANS], CONST, !
5! (AMAT) ); !
sis $!
5!) '."t"""s!
5!$ SENSITIVITY EVALUATION FOR BOUNDARY CONDITION DEPENDENT CONSTRAINTSS!
Sigwwerrnrnanve . . ki bt 3
5!$ $!
5! FOR BC = 1 TO NUMOPTBC DO '
6! CALL BCIDVAL ( BC, CASE, BCID ); '
6! CALL ABOUND ( NITER, BCID, CONST, NDV, ACTBOUND, NAUS, NACSD, !
6! [PGAS], PCAS, PRAS, ACTAERO, ACIDYN, ACTFLUT, !
6! ACTPNL, ACTBAR, NMPC, NSPC, NOMIT, NRSET, NGDR, '
6! USET(BC) ); t
6! IF ACTBOUND THEN !
78 , $!
718 REESTABLISH THE BASE USET AND PARTITIONING DATA FOR THE BC  §!
718 IF GDR CHANGED IT §!
78 NOTB, THIS LEBAVES AN INCOMPATIBILITY BETWEEN USET(BC) AND st
7! BGPDT (BC) SINCE THE LATTER IS NOT REGENERATED. $!
7'$ THIS INCOMPATIBILITY WILL NOT AFFECT THE SENSITIVITY ANALYSISS!
78 AND WILL BE CORRECTED IN THE SUBSEQUENT ANALYSIS $!
74 St
7! IF NGDR <> 0 THEN [
8! CALL MKUSBT(BCID, GSIZEB, {YS(BC)), [TMN(BC)], (PGMN(BC)], !
8! [PNSF(BC)], ([PPOA(BC)], [PARL(BC)], USET(BC)); !
8! ENDIF; t
7!$ §!
KAL) EVALUATE FREQUENCY CONSTRAINT SENSITIVITIES $!
78 $!
7! IF ACTDYN THEN '
8! IF NGDR <> 0 THEN '
9! CALL ROWPART ( [PHIG(BC)], , [GTMP], (PGDRG(BC)] ); !
9! CALL FREQSENS ( NITER, BCID, NDV, GLBDES, CONST, LAMBDA, !
9! GMKCT, DKVI, GMMCT, DMVI, !
9t [GTMP], [AMAT] ); '
9! BLSB H
9! CALL FREQSENS ( NITER, BCID, NDV, GLEDES, CONST, LAMBDA,!
91 GMKCT, DXVI, GMMCT, DMVI, !
9! [PHIG(BC)], [AMAT) ); !
9! ENDIF; 1
8! ENDIF; !
78 st
78 EVALUATE FLUTTER CONSTRAINT SENSITIVITIRS $!
78 $!
7! IF ACTFLUT THEN !
8! SUBF := O; ]
8! LOOP := TRUE; H
8! IF NGDR <> O CALL ROWPART ([PHIG(RC)],, [GTMP}, [PGDRG(BC)]) ;!
81 WHILE LOOP DO H
9! SUBF := SUBF + 1; H
9! IP NGDR <> 0 THEN t
10! CALL FLUTSENS (NITER, BCID, SUBF, LOOP, GSIZEB, NDV, !
10! GLBDES, CONST, GMKCT, DKVI, GMMCT, !
10! DMVI, CLAMBDA, LAMBDA, !
10! [QHHLFL (BC, SUBP) ], !
10! [MHHFL (BC, SUBF)], [(BHHFL(BC,SUBF)], !
10! [XHHFL (BC,SUBP)], [GTMP], [AMAT}); !
10! BLSE '
10! CALL PLUTSENS (NITER, BCID, SUBF, LOOP, GSIZEB, NDV, !
10! © -GLBDES, CONST, GMKCT, DKVI, GMMCT, !
10! DMVI, CLAMBDA, LAMBDA, !
10! [QHHLFL (BC, SUBF) ], !
10! [MHHFL (BC, SUBF)], (BHHFL(BC,SUBF)], '
10! [KHHFL (BC,SUBP)], ([PHIG(BC)], [AMAT]);!
10! ENDIF; i
9! ENDDO; H
8! ENDIF; H
78 §?
718 EVALUATE ACTIVE DISPLACEMENT DEPENDENT CONSTRAINTS FROM $?
718 THE STATICS DISCIPLINE st
7'$ $!
7 IF NAUS > 0 THEN 1
818 $!
81s SENSITIVITIES OF CONSTRAINTS WRT DISPLACEMENTS FOR STATICSS!
8!$ $t
a! CALL NULLMAT ( [DFDU], [DPGV] ); H
8! IP NACSD > NAUS * NDV THEN 1
9!$ $!
9:$ USE GRADIENT METHOD $!
9!$ $!
9! CALL MAXDFU ( NITER, BCID, GSIZEB, [SMAT], [NLSMAT], !
9! SMATCOL, NLSMTCOL, [GLBSIG), [NLGLBSIG], !
9! CONST, BGPDT(BC), (DFDU) ); !
91 BLSE '
9!$ 1]
9:$ USE VIRTUAL LOAD METHOD $t
9! st
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8:$

CALL MAKDFU ( NITBR, BCID, GSIZEB, [SMAT], (NLSMAT],
SMATCOL, NLSMTCOL, [GLBSIG], [NLGLBSIG],
CONST, BGPDT(BC), [DPGV] );
ENDIF;

$
SOME RELATIVELY SIMPLE CALCULATIONS THAT PRECEDE THE $
LOOP ON THE DESIGN VARIABLES $

$

I¥ NGDR <> 0 THEN

CALL PARTN { [UG(BC)],,.,, [UGA], [PGAS], [PGDRG(BC)]);
BLSE

CALL COLPART ( (UG(BC)], , [UGAl, [PGAS] );:
ENDIF;

CALL MKDFSV ( NITER, BCID, GSIZEB, [NLGLBSIG], CONST,
{NLSMAT], NLSMTCOL, [UGA], DESLINK, , NDV,
GLBDES, LOCLVAR, (PTRANS}, [DFSV], FDSTEP ); !

$!

OBTAIN THE SENSITIVITIES OF THE DBSIGN $!
DEPENDENT LOADS $t
$!

CALL DDLOAD(NDV, GSIZEB, BCID, SMPLOD, (DPTHVI], [DPGRVI], !
[DDPTHV], (DDPGRV}, DDFLG, [PGAS], [DPVJ]); !

H
CALL MAXDVU ( NITER, NDV, GLBDES, [UGA], [DKUG], '
GMKCT, DKVI ); !

CALL NULLMAT ( [DUG] ); !
IF NRSET <> 0 THEN '
IF NGDR <> 0 THEN t
CALL PARTN ([AG(BC)],,.,. [AGA]l, ([PGAS], [PGDRG(BC}]);!

ELSE !
CALL COLPART ( [AG(BC)}, , [AGA], [PGAS) ); !
ENDIF; !
CALL MAKDVU {( NITER, NDV, GLEDES, [AGA], [DMAG], !
GMMCT, DMVI ); [

[DUG] := [DKUG] + (DMAG); '
1

]

[

t

1}

ELSE

[DUG] := [DKUG);
ENDIF;

$

ACCOUNT POR VIRTUAL LOAD METHOD $!

$!

IF NACSD > NAUS * NDV THEN '

$!

USR GRADIENT METHOD st

$!

IF DDFLG > O THEN !

(DPGV) := [DPVJI] + (DUG); !

ELSE [

{DPGV] := [DUG]; !

ENDIF; '

BLSE !

$!

USE VIRTUAL LOAD METHOD st

$t

IF DDFIG > 0 THEN !
[DFDU]l := [DPVJ] + (DUG];
ELSE
{DFDU] :a [DUG];
ENDIF;
ENDIF;

REDUCE THE RIGHT HAND SIDES TO THE L SET

“nn

CALL NULLMAT ( (DPNV], [DMUN)] )};
IF NMPC <> 0 THEN
CALL GREDUCE (, [DPGV], [PGMNS(BC)], [TMN(BC)],, [DPNV]};
BLSE
{DENV] := [DPGV];
ENDIF;

H

]

]

!

1

H

1

1

¢

1]

!

]

1

!

1
CALL NULIMAT ( [DPFV], (DMUF}, [DPFVX], [DMUFX) ); !
IP NSPC <> 0 THEN '
CALL NREDUCE (, [DPNV], [PNSPS(BC)], , , , . [DPFV1); !
RLSE '
[DPFV] := [DPNVI; !
BNDIF; !
1

1

1

1

1}

1

1

l

H

]

]

1

H

CALL NULLMAT { [DPAV], [DMUR] );
IF NGDR <> 0 THEN
[DPAV] := TRANS{ (GSUBO(BC}] ) * (DPFV];
BLSE
IP NOMIT <> 0 THEN
CALL FREDUCE (, (DPFV], [PPOAS(BC}], ,
{KOOINV(BC)], , ., [GSUBO(BO)], ,
(DPAV], {[DPOV], );
ELSE
[DPAV] := [DPFV];
BNDIF;
ENDIF;
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IF NRSET <> 0 THEN

CALL ROWPART ( [DPAV]}, ([DPRV], (DPLV]), [PARLS(BC)] );

[DRHS] := TRANS( [D(BC)] ) * [DPLV] + ([DPRV);
PROCESS ACTIVE CONSTRAINTS FOR STATICS DISCIPLINE

CALL INERTIA ( [MRR(BC)], [DRHS], [DURD] );
{DULD] := [D(BC)] * [DURD);

CALL ROWMERGE ( (DUAD), [DURD], (DULD], [PARLS(BC)] };

[DPLV} := [DPLV] + [IFR(BC)] * [DURD];

CALL FBS ( {KLLINV(BC)], [DPLV), (DULV] );

CALL YSMERGE ( [DUAV], , (DULV], [PARLS(BC)) );
ELSE

CALL FBS ( [KLLINV(BC)], [DPAV], [DUAV] );
ENDIF;

RECOVER TO THE P SET

CALL NULLMAT ( (DUFV] );
IF NGDR <> 0 THEN
[DUFV] := [GSUBO(BC)} * (DUAV];
ELSE
IF NOMIT <> 0 THEN
IF NRSET <> 0 THEN
[T™MP1] := [DPOV] - [IPM(BC)] * (DUAD];
ELSB
[TMP1] := [DPOV];
ENDIF;
CALL FBS ( [KOOINV(BC)], [TMP1], [UOO] );
{UO) := [GSUBO(BC)] * [DUAV] + [UOO];

CALL ROWMERGE (({DUFV), [UO), (DUAV], [PPOAS(BC)]):;

BLSE
[DUFV] := [DUAV];
ENDIF;
ENDIF;

REDUCE THE LEPT HAND SIDE MATRIX

IF NMPC <> 0 THEN

CALL GREDUCE (, [DFDU}, [PGMNS (BC) ], {TMN(BC)]),, [DFDUN]) ;

BLSB
{DFDUN] := (DPFDU);
ENDIF;

IP NSPC <> 0 THEN -
CALL ROWPART ( {DFDUN], , [DFDUP], [PNSPS(BC)] );
ELSE .
[DFDUF) := [DFDUN};
ENDIF;

ACCOUNT POR VIRTUAL LOAD METHOD
IF NACSD > NAUS * NDV THEN
USE GRADIENT METHOD
CALL MKAMAT ([AMAT], [DFDUF], (DUFV), [DFSV], PCAS,
PRAS, [PGAS] );
BLSE
USE VIRTUAL LOAD METHOD
CALL MKAMAT ([AMAT], [DUPV], [DFDUF], [DPSV}, PCAS,

PRAS, [PGAS] );
ENDIF;

ENDIF; $ END IP ON ACTIVE APPLIED STATIC LOADS

EVALUATE ACTIVB CONSTRAINTS FROM
THE STATIC ABROBLASTICITY DISCIPLINE

IF ACTAERO THEN

LOOP := TRUR;
ACTUAGG := FALSE;
ACTUAGGI:= FALSE;
SUB = 0
CALL NULLMAT ( [DUFV] );
WHILE LOOP DO
SUB := SUB + 1;
CALL AROSNSDR ( NITER, BCID, SUB, NDV, LOOP, MINDEX,
CONST, SYM, TRIMDATA, NGDR,
[PGDRG(BC}], [UAG(BC)), [AAG(BC)],

ACTUAG, (UGA), [AGA], {PGAA), (PGAU],

PCAR, PRAA, [UAGC(BC,SUB)],
[ANGC(BC,SUB) ], ACTABFF, [AUAGC],
[ARAGC], PCAB,

[URGI(BC)1, [AAGI(BC)), [UGAI], [AGAI],

[UAGCI (BC, SUB}), [AAGCI(BC,SUB)],
[AUAGCI], [AAAGCI] );
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IF ACTABFF THEN !
$¢!

PROCBSS PSEUDO DISPLACEMENTS FOR RFFECTIVENESS $!
CONSTRAINTS $t
st

CALL MAKDVU ( NITER, NDV, GLBDES, [AUAGC]), [DKUG],
GMKCT, DKVI );
IP NRSET <> 0 THEN
CALL MAKDVU ( NITER, NDV, GLBDES, [AAAGC], [DMAG],
GMMCT, DMVI);
{DPGV] := [DKUG] + {DMAG];
CALL MAKDVU ( NITER, NDV, GLBDES, [AUAGC], [DMUG],
GMMCT, DMVI);
ELSE
{DPGV] := [DKUG);
ENDIF;

1
1
'
!
1}
1}
1}
'
L}
'
!
IF SYMTRN(BC) THEN !
CALL MAKDVU ( NITER, NDV, GLBDES, [AUAGCI], !
{DKUGI}, GMKCT, DKVI ); t
IF NRSET <> 0 THEN H
CALL MAKDVU ( NITER, NDV, GLBDES, [AAARGCI], !
[DMAGI]), GMMCT, DMVI}; [
[DPGVI] := [DKUSI] + [DMAGI]; !
CALL MAKDVU ( NITER, NDV, GLBDRS, [AUAGCI], !
[DMUGI], GMMCT, DMVI); !
ELSE !
{DPGVI} := [DKUGI]; !
ENDIF; !
RNDIF; .
$!
REDUCE THE RIGHT HFND SIDBS TO THE L SET $!
s!
CALL NULIMAT ( [DPNV], [DMUN}, [DPNVI}, [DMUNI] ); !
IF NMPC <> 0 THEN
CALL GREDUCE { , [DPGV], [PGMNS(BC)], [TMN(BC)I.,
[DPNV]) ;
IF NRSET <> 0 CALL GREDUCE ( , [(DMUG],
‘(PGMNS(BC)], [TMN(BC}],, [DMOUN] );
IF SYMTRN(BC) THEN
CALL GREDUCE ( , [DPGVI], [PGMNS(BC)],
[TMN(BC) ], , [DPNVI]);
IP NRSET <> 0 CALL GREDUCE ( , [DMUGI],
[PGMNS(BC)], (TMN(BC)],, [DMUNI} );
ENDIF;
ELSE
[DPNV] := [DPGV];
IF NRSET <> 0 [DMUN] := [DMUG];
IF SYMIRN(BC) THEN
[DPNVI] := {[DPGVI};
IF NRSET <> 0 [DMUNI]) := {DMUGI);
ENDIF;
ENDIF;

CALL NULLMAT ( [DPFV], (DMUF), [DPFVX], [DMUFX].
[DPFVI], [DMUFI] );
IF NSPC <> 0 THEN
CALL NREDUCE (, [DPNV], (PNSPS(BC)},,,,, [DPFV]);
IP NRSET <> 0
CALL NREDUCE {(, [DMUN], [PNSFS(BC}],,.., [DMOF]};
IP SYMTRN(BC) THRN
CALL NREDUCE (, [DPNVI], [PNSFS(BC)I1,.,..
{DPFVI});
IF NRSET <> 0
CALL NREDUCE (, [DMUNI], [PNSFS(BC)}1,,.,.
[DMUFI]) ; '
ENDIF;
BLSB
[DPFV]} := [DPNV];
IF NRSET <> 0 [DMUP] := [DMUN];
IF SYMTRN(BC) THEN
[DPFVI] := [DPNVI];
IF NRSET <> 0 [DMUPI] := {DMUNI);
ENDIF;
ENDIF;
. $t
IP SYMTRN(BC) THEN
IF SYM = 0 THEN
{HRDPFV] := [(HFREALT(BC)] * [DPFV);
{HIDPFV] := [HFIMAGT(BC)] * {DPFVI};
[DPFVX] := [HRDPFV] + [HIDPFV];
IF NRSET <> 0 THEN
[HRDMUF) := (HFRRALT(BC)] * {DMUF];
[RIDMUF] := [HFIMAGT(BC)] * (DMUFI];
[DMUFX] := [HRDMUF] + [HIDMOF);
ENDIF;
RLSE
RSYM := SYM;
{HRDPFV] := {HFREALT(BC)] * [DPFV];
{HIDPFV] := [HFIMAGT(BC)] * (DPFV];
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10:$

[DPFVX] := (HRDPFV] + (RSYM) [HIDPFV]; '
IF NRSET <> 0 THEN
[HRDMUF) := (HFREALT(BC)] * [DMUF];
(HIDMUF] := (HPIMAGT(BC)] * [DMUF);
{DMUFX] := (HRDMUF] + (RSYM) (HIDMUF];
ENDIF;
ENDIF;
ELSE
{DPFVX] := [DPFV];
IF NRSET <> 0 [DMUFX] := [DMUF];
ENDIF;
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1

CALL NULLMAT ( [DPAV], [DMUA] ); !
IF NGDR <> 0 THEN !
{DPAV] := TRANS( [GSUBO(BC)] )} * (DPFVX]; !

IP NRSET <> 0 [DMUA) :=TRANS ( (GSUBO(BC)])* [DMUFX}; !
BLSE '
IF NOMIT <> 0 THEN !
CALL FREDUCE ( , [DPFVX), [PFOAX(BO)], 1, !

{KOOL (BC,SUB)}, [KOOQU(BC,SUB)], :

{XAO(BC,SUB)], [GASUBO(BC,SUB)}, ,!

{DPAV], [DPOV], ); !

IF NRSET <> O !

CALL FREDUCE ( , [DMUFX], [PFOAX(BC)), 1, '
{XOOL(BC,SUB)], [KOOU(BC,SUB)], !

[KAO(BC,SUB)], [GASUBO(BC,SUB)], .!

[DMUA}, [DMUO], ), i

RLSE !
[DPAV] := [DPFVX}; !

IF NRSET <> 0 (DMUA] := [DMUFX]; !
ENDIF; !
BNDIF; !
$!

IP NRSET <> 0 THEN '
CALL ROWPART ( [DPAV], [DPRV], [DPLV], [PARLX(BC}] ); !
CALL ROWPART ([DMUA], [DMUR], [DMUL), (PARLX(BC}] ); !
CALL GFBS ( [RL11(BC,SUB)}, [RU11(BC,SUB)I, !
{DPLV], [R11DPL] ); !
[DP1] := TRANS([D(BC)]) * [DMUL] + [DMUR] - !
[R21(BC,SUB)] * (R11DPL}; '
[DRHS] := TRANS( [D(BC)] ) * [DPLV] + [DPRV] - [
(R31(BC,SUB)] * [R11DPL]; '

PROCESS ACTIVE CONSTRAINTS FOR SAERRO DISCIPLINE S§!
CALL GFBS ( [KL11(BC,SUB)], [KU11(BC,SUB)], !

ior1], [(Dx1v] );
(DRES] := [DRHS]} - [K21(BC,SUB)} * (DK1Vl;

«

.CALL DRCOMP { {LHSA(BC,SUB)], [LHSL], [LESU} );
CALL GFBS ( [LHSL), {LHSU], ([DRHS), {DU2] };

"

{DU1R] := [DK1V] + [X1112(BC,SUB)] * ([DU2];
{pU1L] := [R11DPL} + {R1112(BC,SUB)] * (DU1R]
{R1113(BC,SUB)) * [DU2];
{BPFSENS] := - [R31(BC,SUB)} * [DU1L] -
[R32(BC,SUB)] * (DU1R];

+

“

CALL AEROBFPPS ( NITER, BCID, SUB, SYM, TRIMDATA,
HNDV, CONST, PCAEB, [EFFSENS],
[(AMAT] ) ;
BLSB

NOTE THAT SAERO W/O SUPPORT IS NOT SUPPORTED

ENDIF;
ERDIF; $ END IF ON ACTAEFF

IP ACTUAG THEN
SENSITIVITIES OF CONSTRAINTS WRT DISPLACEMENTS

POR SAERO. THE ACTUAGG FLAG WILL BE RETURNED
PALSE IF ONLY TRIM PARAMETER CONSTRAINTS ARR ACTIVE

“noronn “u 0 “wa o

CALL NULLMAT ( [DFDU), [DFDUI] );
CALL MAKDFU ( NITER, BCID, GSIZEB, ([SMAT}, [NLSMAT],
SMATCOL, NLSMTCOL, (GLBSIG],
{NLGLBSIG), CONST, BGPDT(BC), [DFDU],
ACTUAGG, SUB,
[GLBSIGI], [NLGBSIGI), [DFDUI],
ACTUAGGI, SYMTRN(BC} ); :
$t
CALL MKDPSV { NITER, BCID, GSI2EB, [NLGLBSIG], CONST,
{NLSMAT], NLSMTCOL, [UGA], DESLINK,
SUB, NDV, GLBDES, LOCLVAR, ([PTRANS],
[DPSV], FDSTEP,
[0GAI]), (DPSVI) );

SOME RELATIVELY SIMPLE CALCULATIONS THAT PRECEDE
THE LOOP ON THE DESIGN VARIABLES )

“u o
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10!'$

10!$

10t§
10!$
10!$

10!$

12!
12!
12!

1018

10:$
10!

CALL MAKDVU ( NITER, NDV, GLBDES, [UGA], (DKUG],
GMKCT, DKVI );
CALL NULLMAT ( [DPGV] )};
IP NRSET <> 0 THEN
CALL MAKDVU ( NITER, NDV, GLBDES, [AGA), [DMAG],
GMMCT, DMVI };
[DPGV] := [DKUG] + [DMAG];
CALL MAKDVU ( NITER, NDV, GLEDES, (UGA], [DMUG),
. GMMCT, DMVI );
BLSE
{DPGV] := [DKUG);
ENDIF;

IP SYMTRN(BC) THEN
CALL MAKDVU ( NITER, NDV, GLBDBS, [UGAI],
{DKUGI], GMKCT, DKVI );
CALL NULLMAT ( [DPGVI] };
IF NRSET <> 0 THEN
CALL MAKDVU ( NITER, NDV, GLBDES, [AGAI],
[DMAGI}, GMMCT, DMVI );
(DPGVI) := [DKUGI) + (DMAGI];
CALL MAKDVU ( NITER, NDV, GLBDBS, [UGAI],
{DMOGI], GMMCT, DMVI );
ELSB
{DPGVI] := [DKUGI];
ENDIF;
ENDIF;

REDUCE THE RIGHT HAND SIDES TO THE L SET

w0 o

CALL NULLMAT ( (DPNV}, (DMUN], [DPNVI), (DMUNI] );. !
IP NMPC <> 0 THEN
CALL GREDUCE ( , [DPGV], [PGMNS(BC)], [TMN(BC)].,
[DPNV] ) ;
IP NRSET <> 0 CALL GREDUCE ( , [DMUG],
[PGMNS (BC) ], [T™MN(BC)),, [DMUN] );
IP SYMTRN(BC) THEN
CALL GRERDUCE ( , [DPGVI], [PGMNS(BC}],
[TMN{BC)],, (DPNVI]);
IP NRSET <> 0 CALL GREDUCE ( , [DMUGI],
{PGMNS(BC)], [(TMN(BC)],,
[DMONT]) ) ;

ENDIF;
BLSE
{DPNV] := [DPGV];
IF NRSET <> 0 [DMUN] := [DMUG];
IF SYMTRN(BC) THEN
(DPNVI] := (DPGVI];
IP NRSET <> O (DMUNI] := [DMOGI];
BNDIF;
ENDIF;

«u

CALL NULLMAT { (DPPV), (DMUF], (DPFVX]), [DMUFX],
(DPFVI], (DMUFI) );
IF NSPC <> 0 THEN
CALL NREDUCE (, [DPNV], [PNSPFS(BC)],,,,, [DPFV]):
IP NRSET <> 0
CALL NREDUCE (, (DMUN], [PNSPS(BC)],,.,,, [DMOF]);!
IF SYMTRN(BC) THEN
CALL NREDUCE (, [DPNVI], [PNSPS(BC)],,,..
(DPFV1}) ;
IF NRSET <> 0
CALL NREDUCE (, [DMUNI], [PNSFS(BC)),..,.
[DMOFI]) ;
ENDIF;
ELSE
[DPFV) := [DPNV];
IP NRSET <> O [DMUF] := [DMUN];
IF SYMTRN(BC) THEN
{DPFVI] := (DPNVI];
IF NRSET <> O (DMUFI] := [DMUNI];

BNDIP;
ENDIF;
$
IF SYMIRN(BC) THEN
[HRDPFV] := [HFREALT(BC)] * [DPFV];
[HIDPFV} :» [HFIMAGT(BC)) * [DPFVI);
[DPFVX] := [HRDPFV] + [HIDPFV];
IF RRSET <> 0 THEN
[HRDMUF] := [HFREALT(BC)] * [DMUF];
[RIDMUF] := (HFIMAGT(BC)] * ([DMUFI];
(DMUFX] := [HRDMUF) + [HIDMOF];
ENDIF;
BLSE
{DPFVX] := [DPFV];
IF NRSET <> 0 [DMUFX] := {DMUF];
BNDIF; s

CALL NULLMAT ( [DPAV], [DMUA] );
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10!

10!

IF NGDR <> 0 THEN !
{DPAV] := TRANS( [GSUBO(BC)] ) + (DPFVX); !
IF NRSET <> O [DMUA] :=TRANS ( [GSUBO(BC)])* [DMUFX]; !

RLSE !
IP NOMIT <> O THEN t

CALL FREDUCE ( , [DPFVX}, [PFOAX(BC)}, 1, !
[KOOL (BC,SUB) ], [KOOU(BC,SUB)], t

[KAO(BC,SUB)}, [GASUBO(BC,SUB)}, , !

[DPAV], (DPOV], }; !

IF NRSET <> 0 !
CALL FREDUCE ( , [DMUFX), [PPOAX(BC)], 1, !

{KOOL (BC,SUB)], (KOOU(BC,SUB}], !

{KAO(BC,SUB)), [GASUBO(BC,SUB)]1, , !

{DMUA], (DMUO], ); !

BLSB !
[DPAV] := [DPFVX]; '

IF NRSET <> 0 [DMUA) := [(DMUFX]; !
ENDIF; !
ENDIF; 1
. 1

IF NRSET <> 0 THEN H
CALL ROWPART ((DPAV], [DPRV], [DPLV], [PARLX(BC)] ); !
CALL ROWPART ([DMUA), {DMUR], [DMUL], [PARLX(BC)] ); !
CALL GFBS ( [RL11(BC,SUB)], [RU11(BC,SUB)], t

[DPLV], (R11DPL) }; !

[DP1]) := TRANS([D(BC)]) * (DMUL] + [DMUR) - '
[R21 (BC,SUB)) * (R11DPL]; !

[DRHS] := TRANS( [D(BC)! ) * [DPLV] + [DPRV] - !
[R31(BC,SUB)] * {R11DPL}; '

PROCESS ACTIVE CONSTRAINTS POR SAERO DISCIPLINE §!

CALL GFBS ( [KL11(BC,SUB)], [KUL1(BC,SUB)], !
for1}, foxavy );
[DRES] := [DRHS) - ([K21(BC,SUB)) * [DKiV];

1

13

t
CALL ABROSENS ( NITER, BCID, MINDEX, SUB, CONST, !
SYM, NDV, BGPDT(BC), !

TRIMDATA, STABCFA, [PGAA], !

[LHSA(BC,SUB)], [RHSA(BC,SUB)], !

[DRHS], [AAR], (DDELDV], [AMAT] );!
1}

1]

1

1}

1

1

1

1

$!

[DURV) ':= [K1112(BC,SUB)] * {AAR} +
[PAR (BC,SUB)]} * {DDELDV] + [DK1V];

(DULV] := [R1112(BC,SUB)] * [DURV] +
[R1113(BC,SUB)] * [AAR] -
[R11PAL(BC,SUB)]) * (DDELDV] + [R11DPL];

CALL ROWMERGE ({DUAV], [DURV], [DULV], [PARLX(BC)]);

ELSR t
$!

NOTE THAT SARRO W/O SUPPORT IS NOT SUPPORTED $!

$!

ENDIF; !
H

RECOVER SENSITIVITIRS TO THE P SET !
$!

CALL NULLMAT ( [UAFTMP} ); '
IP NGDR <> 0 THRN
[UAFTMP] :« {GASUBO(EC,SUB)] * [DUAV);
ELSE
IF NOMIT <> 0 THEN
IF NRSBET <> 0 THEN
(TMP1] := {DPOV]+{POARO (BC, SUB) ] * {DDELDV] ;

BLSE
(TMP1] := ([DPOV];
ENDIF;

[TMP1), [D0O1);
[U0) := [GASUBO(BC,SUB)] * (DUAV} + [UOO};
CALL ROWMERGE ( [UAFTMP}, [UO], (DUAV],
{PFOAX(BC)] };
RLSE
(UAFTMP]} := {DUAV];
ENDIF;
ENDIF;
CALL AROSNSMR ( BCID, SUB, TRIMDATA, KDV, [PGAA],

1

)

!

1

1

1

1

v

CALL GFBS ( [KOOL(BC,SUB)}, [KOOU(BC,SUB)], !
]

H

)

1]

1

1

1

!

)

{PGAD), (DUFVX], [UAFTMP] ); !

ENDIF; $ END IF ON ACTUAG $t
ENDDO; $ END DO ON SUBSCRIPT LOOP $!
§!

IF ACTUAGG THEN !
$t

REDUCE THE LEPT HAND SIDE MATRIX $!

$t

CALL NULLMAT ( (DFDUN] ); '
IP NMPC <> 0 THERN !
CALL GREDUCE ( , (DFDUl, {PGMNS(BC)], [TMN(BC)],, !
[DFDUN]) ; '

ELSE !
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10!

[DFDUN] := [DFDU];
ENDIF;

CALL NULLMAT ( [DFDUF] );
IF NSPC <> 0 THEN

CALL ROWPART ( [DFDUN], , [DFDUF], [PNSFS(BC)] ):

ELSE
[DFDUF] := [DFDUN];
ENDIF;

TAKE MERGED SENSITIVITIES OF DISPLACEMENTS AND
COMPUTE THE AMAT MATRIX TERMS FOR THE SAERO
CONSTRAINTS

1P SYMTRN(BC) THEN

{DUFV] := [HPRBAL(BC)] * {DUFVXI;
ELSE

[DUPV] := {DUFVX];
ENDIF;

CALL MKAMAT ([AMAT}, [DFDUF], [DUFV], {DFSV], PCAA,

PRAA, (PGAU] );
ENDIF; $ END IF ON ANY ACTIVE DISPLACEMENTS

IF ACTUAGGI THEN

REDUCE THE LEFT HAND SIDE MATRIX FOR REFLECTED PORTION

CALL NULLMAT ( (DFDUNI] );
IP NMPC <> 0 THEN

CALL GREDUCE { , [DFDUI], [PGMNS(BC)], [TMN(BO)],,

[DFDUN1}) ;
ELSE
[DFDUNI) := (DFDUI};
ENDIF;

CALL NULLMAT ( (DFDUFI] );
IP NSPC <> 0 THEN

CALL ROWPART ( [DFDUNI], , [DPDUFI], [PNSFS(BC}} };

(DFDUFI] := ([DFDUNI};
ENDIF;

TAKE MERGED SENSITIVITIES OF DISPLACEMENTS AND
COMPUTE THE AMAT MATRIX TERMS FOR THE SAERO
CONSTRAINTS FOR REPLECTED PORTION

{DUFVI] := [HFIMAG(BC)] * [DUFVX];

CALL MKAMAT ({AMAT], [DFDUF1}, (DUFVI), [DFSVI], BCAA,

PRAAI, [PGAU] );

ENDIF; $ END IF ON ANY ACTIVE DISPLACEMENTS (REFLECTED)

ENDIF; $ END IP ON ACTIVE AERORLASTIC CONSTRAINTS

EVALUATE PANEL BUCKLING CONSTRAINT SENSITIVITIES

IF ACTPNL THEN
CALL PBKLSENS ( BCID, NITER, NDV, GLBDRBS, LOCLVAR,
{PTRANS), PDLIST, [AMAT] );
ENDIF;
IF ACTBAR THEN

CALL BBKLSENS ( BCID, NITER, NDV, CONST, DESLINK, GLBDES,

[(AMAT) );
ENDIF;
ENDIP; $ END IF ON ACTIVE BOUNDARY CONDITION
ENDDO; $ END DO ON ACTIVE BOUNDARY CONDITIONS

CALL CONORDER {( NITER, NUMOPTBC, CASE, CONST, CONSTORD };

CALL OFPGRAD ( NITER, [AMAT], GLBDRS, CONST, CONSTORD,
GRADIENT ) ;

IF NITER >= OCS AND NITBR <= OCE THEN
PRINT("LOG= (" VANGO MODULE') ") ;
CALL VANGO ( NITER, NDV, APPCNVRG, MOVLIM, CNVRGLIM,
CTL, CTIMIN, NUMOPTBC, CASE, GLBDBS, CONST,
DESHIST };
BLSE
IF NITER >= MPS AND NITER <= MPE THEN
PRINT("LOG= (' DESIGN MODULE')*);
CALL DESIGN{ NITER, NDV, APPCNVRG, CNVRGLIM,
CTL, CTLMIN, GLBDES, CONST, CONSTORD,
[AMAT], DESHIST );
ENDIF;
ENDIF;

ENDIF; $ END IF ON FSD METHOD
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4! ENDIF; $ . END IF TEST AFTER ACTCON $!
3! ENDDO; $ END WHILE LOOP FOR GLOBAL CONVERGENCE $!
2!ENDIF; $ END IF ON OPTIMIZATION $!
18 St
18 - - $!
1'$ BEGIN FINAL ANALYSIS LOOP $!
1!s""""""""'t."t't"'ti"""'t'"'""""""'t'.""""0."""""'5!
118 $!
1!IP NBNDCOND > NUMOPTBC THEN !
2!$ ’ $!
2!'$ ASSEMBLE THE GLOBAL MATRICES $!
218 $!
2! PRINT ("LOG=("* "y; !
218 $!
2!$ ASSEMBLE THR GLOBAL MATRICBS st
2!$ BEGIN BOUNDARY CONDITION LOOP $t
2!$ $!
2! PRINT(7LOG-('BBGIN FINAL ANALYSIS')"); 1
2! CALL ANALINIT; !
2! CALL BMAZ ( , NDV, GSIZEB, GLBDES, GMKCTG, DKVIG, [KX1GG], !
2! - GMMCTG, DMVIG, {M1GG] ); H
2! FPOR BC = NUMOPTBC + 1 TO NBNDCOND DO H
3! CALL BCIDVAL ( BC, CASE, BCID ); !
3¢ PRINT("LOG= (" BOUNDARY CONDITION °*,I18)*,BCID); 1
38 $!
38 BSTABLISH THE BASE USET AND PARTITIONING DATA FOR THR BC $!
38 §!
3t CALL MKUSBT( BCID, GSIZEB, [YS(BC)], [TMN(BC)], [PGMN(BC)]}, [PNSF(BC)], !
3! {PFOA(BC)], [PARL(BC)], USET(BC) ); !
318 $!
318 MAKE B.C.-DEPENDENT BGPDT FROM BASE, ADDING THE EXTRA POINTS FOR $t
38 THIS B.C. $!
3!$ $!
3! CALL BCBGPDT{ BCID , GSIZEB , BGPDT{(BC) , BSIZE(BC) }; !
3! GSIZE := GSIZEB; !
3 PSIZE(BC) := ESIZEB(BC) + GSIZE; !
38 $!
3! CALL AROSYMCK (CASE, BGPDT(BC), USET(BC), RELES, BC, TOLVALUE, !
3t STRSYM ); . t
38 $!
38 PROCESS MATRICES, TRANSFER FUNCTIONS, AND INITIAL CONDITIONS FOR $!
318 THIS B.C. st
38 St
3! CALL BCBULK( BCID , PSIZE(BC) , BGPDT(BC) , USET(BC) ): '
318 $!
a CALL BOUND ( BCID, GSIZE, BSIZE(BC), USET(BC), BLOAD, BMASS, DMODES, !
3! BMODES, BSARRO, BFLUTR, BDYN, BDRSP, BDTR, BMTR, BDFR, !
3! BMFR, BGUST, BBLAST, NMPC, NSPC, NOMIT, NRSET, NGDR ); !
3!$ St
31$ DETERMINE IF ANY M2GG/K2GG INPUT DATA ARE TO BR ADDED §!
3 §!
3! CALL NULLMAT ( {KGG], (MGG]) ) !
k] CALL MK2GG ( BCID, GSIZEB, ([M2GG), M2GGFLAG, [K2GG), X2GGFLAG ); !
3! IP M2GGFLAG THEN H
4! (MGG} := [M1GG] + [M2GG]; 3
4! BLSE '
4! [MGG) := [M1GG]; !
4! ENDIF; !
3 IF K2GGFLAG THEN H
4! (KGG] := (K1GG] + [K2GG]; H
4! ELSB '
4t (XGG} := [K1GG]; !
4! ENDIF; !
38 $!
318 CALL THE GRID POINT WRIGHT GENERATOR POR THIS BOUNDARY CONDITON $!
318 $!
3t CALL GPWG ( , BCID, GPWGGRID, [MGG], OGPWG ); H
318 $!
3! IF BLOAD <> 0 CALL GTLOAD ( , BCID, GSIZE, BGPDT(BC), GLEDES, !
4! SMPLOD, [DPTHVI], [DPTHVD], (DPGRVI], '
4! {DPGRVD], (PG}, OGRIDLOD) ; '
38 $!
s PARTITION-REDUCTION OF GLOBAL MATRICBS $!
318 $!
3! IPF NBNDCOND > 1 CALL NULLMAT ( [KNN!, {PN], [MNN], [GTXN], [GSTKN], !
4! [GPTEN], [UGTKN] ); '
3 IF NMPC <> 0 THEN t
4! §!
48 PERFORM MPC REDUCTION $!
4's s
4! PRINT("LOG= (' MPC REDUCTION')"); !
4! CALL GREDUCEB ( [KGG), (PG}, (PGMN(BC)], [TMN(BC)], [KNN), (PN} }; !
4! IP BMASS <> 0 CALL GREDUCR (([MGG),, [PGMN(BC)], [TMN(BC)], (MNNI); !
4! IF BSAERO <> 0 THEN !
s! CALL SPLINFND ( BCID, CASE, MODBL, SPLINE, [GTKG], [GSTKG], t
5! (GPTXG] ); !
5! CALL GRRDUCE (, [GTXG], {PGMN(BC)], [TMN(BC)],, [GTKN]}; !
S! CALL GREDUCE (, [GSTKG], [PGMN(BC)], [TMN(BC)},, [GSTEKN}): !
s! CALL GREDUCE (, [GPTKG], [PGMN(BC)], [TMN(BC)],, [GPTKN]); '
5! BENDIF; . 1
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IF BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> @ t
CALL GREDUCE (, [UGTKG), {PGMN(BC)], [TMN(BC)], , (UGTKN] ); !

CALL MKPVECT ( USET(BC), [PGMN(BC)], [PNSP(BC)], [PFOA(BC)], [PARL(BC)) ) ;!
CALL BOUNDUPD ( BCID, GSI2E, ESIZE(BC), USET(BC), NSPC, NOMIT, NRSET );

ELSE .
$!

NO MPC REDUCTION $!

$!

[KNN] := [KGG]:; !
IF BLOAD <> 0 [PN] := [PG]; !
IF BMASS <> 0 [MNN] := [MGG}: !
IF BSABRO <> 0 THEN H
[GTKN] := [GTKG]; !
[GSTKN] := [GSTKG]; !
[GPTXN] := [GPTKG); !
ENDIF; '
IP BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> 0 [UGTKN] := {UGTEG] ; !
ENDIF; 1
. $!

PERPORM AUTOSPC CALCULATIONS ON THE XNN MATRIX $ !
$!

PRINT ("LOG= (" AUTOSPC COMPUTATIONS')®); !
CALL GPSP ( , BCID, NGDR, (KNN], BGPDT(BC), [YS(BC)], USET(BC}, t
GPST(BC) ); !

'

'

:

1

'

1

1}

IF SYMTRN(BC) THEN
CALL RBMGEN ( BGPDT(BC), 20, [RGBDMG] );
CALL AROHGEN (CASE, BGPDT(BC), USET(BC), RELES, BC, TOLVALUE,
[HFREALT(BC)], [HPIMAGT(BC)),. USETX(BC) );
CALL MXPVECT ( USETX(BC), [PGMNX(BC)]), [PNSFX(BC}],
[PFOAX(BC)], ([PARLX(BC)} );
CALL TRNSPOSE ( (HFREALT(BC)], [HFREAL(BC)] );
CALL TRNSPOSE ( [HPIMAGT(BC)], [HPIMAG(BC)} );:
IF ACSMTR(BC) THEN

$
IF NBNDCOND > 1
CALL NULLMAT ( (KFF], [PF], [MFPl, [GTKF], ' [GSTKF],
[GPTKF], [UGTKF], (KFFX], (PFX], (MFFX] );

$
IF NSPC <> O THEN ,
$!
PERPORM SPC REDUCTION $!
$!
PRINT("LOG=(" SPC REDUCTION')"); !
CALL NREDUCE ( [KNN}, (PN], [PNSP(BC)}, [YS(BC)], [KPF], [KFS], !
[kss), [PP1, (PS} ); !
IP BMASS <> 0 CALL NRERDUCE ( [MNN], , [PNSF(BC)], , [MFF]); !
IF BSABRO <> 0 THEN !
CALL NREDUCE ( , (GTKN], [PNSPF(BC}, , , ., ., [GTKFl ); !
CALL NREDUCE ( , [GSTKN], [PNSF(BC)], , , . , [GSTKF] ): !
CALL NREDUCR ( , [GPTEN], [ENSF(BO®)1, , , ., , I[GPTKF] ); !
ENDIF; '
IF BPLUTR <> 0 OR BGUST <> 0 OR BBLAST <> 0 H
CALL NREDUCE (, (UGTKN], [PNSF(BC)},,.,, [UGTKF]); !
RLSE !
$1
NO SPC REDUCTION $!
$!
{XPFF] := (KNN); '
IP BLOAD <> 0 [PF} :s [PN]; !
IF BMASS <> O [MPP] := [MNN]; !
IF BSAERO <> 0 THEBN !
[GTKF] := [GTEN); !
{GSTKF) := [GSTEN]; !
{GPTKF] := [GPTKN]: !
ENDIF; 1
IFP BFLUTR <> 0 OR BGUST <> O OR BBLAST <> 0 [UGTKF] := [UGTKN]; ¢
ENDIF; !
$!
ADD IN THE NEW MODULE TO GENERATE THE H MATRIX POR SYM-TRAN $!
$!
CALL SAERODRV ' (BCID, 1, LOOP, MINDEX, SYM, MACH, QDP, !
TRIMDATA, TRIMRSLT, METHOD ); !
SYMTRN(BC) := PFALSE; 1
ACSMTR (BC) := FALSE; !
IF METHOD=USS THEN '
IF STRSYM THEN ,
IF SYM=0 THEN ]
SYMIRN(BC) := TRUB; !
ENDIF; i
ENDIF; 1
BLSE ’ !
IF METHOD=QP THEN !
IF STRSYM THEN j !
IF SYM=0 OR SYM=-1 THEN !
SYMTRN(BC) := TRUE; !
ACSMTIR (BC) := TRUE; !
ENDIF; t
ENDIF; 1
ENDIF; '
ENDIF; '
1
1
]
1
]
1}
'
1
1
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CALL TRNSPOSE ( [KREALK], [KRBALT} );
CALL TRNSPOSE ( [KIMAGK], (KIMAGT] )
ENDIF;
(ATKFER] := [HFREBALT(BC)] * [ [KPP] * [HFREBAL(BC)] ];
{HTKFEI] := [HFIMAGT(BC)) * [ [KFF] * [HPIMAG(BC)] 1;
{KFFX] ;= [HRTKPHR] + [HTKFHI];
IF BMASS <> 0 THEN
[HTMFER] := [HFREALT(BC)] * [ {MFF] * [HFREAL(BC)) 1;
[ETMFHI] := [HFIMAGT(BC)] +* [ {MFP] * [HFIMAG(BC)] };
[MPFX] := {HIMPHR] + [HTMFHI];
ENDIF;
IF BSAERO = 0 THEN
[BEFRTPF] := ([HFRBALT(BC)] * (PF];
[HPITPF] := [HPIMAGT({BC}) * [PF];

ELSE

{PFX] := [HFRTPF] + (HPITPF];
BLSB
IF ACSMTIR(BC) THEN X
’ {HRGTKF]) := [HFRBALT(BC)} * [ [GTXP] * [KREALK] 1I;
[BIGTKF] := [HFIMAGT(BC)] * [ [GTKP] * (KIMAGK] 1;
{HRGSTKF] := [HBFREALT(BC)] ¥ [ [GSTKF! * {KREALK] };
[HIGSTKF] := [HFIMAGT(BC)) * { [GSTXFl * [KIMAGS] 1;
{HRGPTKF] := [HFRERALT(BC)] * { [GPTKF] * [KREALK] };
[HIGPTKP] := [HPIMAGT(BC)] * { [GPTKF] * {(KIMAGP] );
{HRGTXF] := [HFRBALT(BC)] * [GTKF};
[HIGTKF] := [HPIMAGT(BC)]} * [GTKF] ;
{HRGSTKF] := [HFRERALT(BC)} * ({GSTKF]:
{HIGSTKF] := [HFIMAGT(BC)] * [GSTKF] ;
[HRGPTKF) := [HFRBALT(BC)]) * [GPTKF];
[BIGPTKF] := [HFIMAGT(BC)] * [GPTKF] ;
ENDIF;
ENDIF;
{KPFX] := [KPP];
[MPPX] := [MPPF];
{PFX] := [PP];

(GPTKFX] := [GPTKF];
USBTX(BC) := USEBT(BC);
{PGMNX(BC)] := [PGMN(BC)];
{PNSFX(BC)] := [PNSF(BC)];
(PPORX(BC)} := [PPOA(BC)];
(PARLX(BC)] := [PARL(BC)];
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BNDIF;

. $!
IF NBNDCOND > 1 CALL NULLMAT ({KAA), [PAl, [MAA), [KAAAl, [PAA], [UGTKA]);!
$!
IF NGDR <> 0 THEN i
s!
PERFORM THE GENERAL DYNAMIC REDUCTION WHICH IS DISCIPLINE St
INDEPENDENT. THE RESULTING {GSUBO] MATRIX WILL BE USED BY $!
ALL DISCIPLINES §!
H
PRINT ("LOG=(* DYNAMIC REDUCTION')"); 4
$!
OBTAIN THE OMITTED DOF PARTITION OF KFF AND MFF §t!
$!
CALL PARTN ( (KFFX], ([X0O}, , [KOA], , [PPOAX(BC}] ); !
CALL PARTN ( [MFFX], [MOO], , . , [PPOAX(BC)] ); !
ASIZBR := GSIZE - NMPC - NSPC - NOMIT; H

LSIZB := ASIZE - NRSET;
CALL GDR1 ( [X0O], [MOO], [KSOO}, {GGO], LKSET, LJSET, NEIV, 4
FMAX, BCID, BGPDT(BC), USETX(BC), NOMIT, LSIZE ); 4
$!
LXSET MEANING $t
<> 0 APPROX. MODE SHAPBS SELECTED $!
=0 NO APPROX. MODE SHAPES IN GDR $!
$!
IP LKSET <> 0 THEN !
CALL SDCOMP { [KSOO], [LSOO), USETX(BC), SINGOSET ); !
CALL GDR2 ( [LSOO), [MOQ), [PHIOK}, LKSET, LJSET, !
NEIV, FMAX, BCID ); H
ENDIF; !
CALL GDR3 ( (X001, [KOA), [MGG}, [PHIOK], [TMN(BC)], [GGO], !
[PGMNX(BC)], [PNSFX(BC)]}, [PPOAX(BC)], [GSUBO(BC)], !
BGPDT({BC), USBTX(BC), !
LKSET, LJSBT, ASIZEB, GNORM, BCID ); !
CALL GDR¢ ( BCID, GSIZE, PSIZE(BC), LKSET, LJSBT, !
[PGMNX(BC)], [TMN(BC)}, ({PNSFX(BC)], [PFOAX(BC)], !
(PARLX(BC)], [PGDRG(BC)], (PAJK], (PFJK], BGPDT(BC), !
USETX(BC) ); !
ENDIF; !
$!
IF BLOAD <> 0 OR BMODES <> 0 OR BFLUTR <> 0 OR BDYN <> 0 THEN H
. $?
REDUCE THE MATRICBS WITHOUT ABROELASTIC CORRECTIONS $t
1
IF NGDR <> 0 THEN [
$!
PERPORM THE GENERAL DYNAMIC REDUCTION $!
$!




St PRINT(*LOG= (' SYMMETRIC DYNAMIC REDUCTION')");

'
51§ $!
5! [MAA] := TRANS ( [GSUBO(BC)] ) * { [MFFX] * [GSUBO(BC)] 1I; !
5! [KAA] := TRANS ( [GSUBO(BC}) ) * [ [KFFX] * (GSUBO(BC)] }: !
st IF BLOAD <> 0 ([PAl := TRANS ( [GSUBO(BC)] )} v (PFX]: '
st IF BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> 0 THEN 13
6! [TMP1] := TRANS ( [UGTKF} ) * (GSUBO(BC)]; !
6! CALL TRNSPOSE ( [T™MP1], (UGTKA) ); !
6! ENDIF; '
5t ELSE '
5! IP NOMIT <> 0 THEN !
6!$ $!
3] PERFORM THE STATIC REDUCTION $!
6!'$ $!
6! PRINT (*LOG= (' STATIC CONDENSATION')"); !
61% $!
6! CALL FREDUCE ( [KPFX], [PFX), [PFORX(BC)}, , [KOOINV(BO)]l, , , !
6! , ' [GSUBO(BC)], [KAA), [PA}, [PO), USETX(BC) ): '
6!S $!
6! 1F BMASS <> 0 THEN H
78 $!
718 PERPORM GUYAN REDUCTION OF THE MASS MATRIX $!
78 $!
7 CALL PARTN ( [MFFX], [MOO], , [MOA], (MAABAR], [PPORX(BCO)! ); !
7! {MAA) :a= [MAABAR] + TRANS([MOAl) * [GSUBO(BC)] + !
71 TRANS ( [GSUBO(BC) ]} * [MOA] « !
71 TRANS ( [GSUBO(BC)]1) * [ [MOO} * [GSUBO(BC)] 1}; !
7! IF NRSET <> 0 [IFM(BC)] := {MOO] * [GSUBO(BC)] + [MOA}; !
7 ENDIF; !
6! IP BFLUTR <> 0 OR BGUST <> 0 OR BBLAST <> O THEN !
7! CALL ROWPART ( [UGTKPF], [UGTKO), ({UGTKAB], [PFOAX(BC}] ); !
7! {TMP1] := TRANS( [OGTKO) ) * [GSUBO(BC)]; E
71 CALL TRNSPOSE ( [T™MP1}, [TMP2] ); !
7! [UGTKA] := [UGTKAB] + [T™MP2]; '
7! ENDIF; !
6! ELSB H
6!$ 1]
61§ NO F-SET REDUCTION $!
618 $!
6! [KAA]) := [KPFX]; !
6! IF BLOAD <> 0 (PA] := {PFX]; t
6! IF BPLUTR <> 0 OR BGUST <> O OR BBLAST <> 0 [UGTKA] :=[UGTKF]; !
6! 1IF BMASS <> 0 [MAA] := [MPPFX); !
6! BNDIF; '
5t ENDIF; '
41!8 $!
4! IP NRSET <> 0 THEN H
st$ $!
51% PERFORM THE SUPPORT SET RRDUCTION st
58 $!
5! PRINT("LOG={' SUPPORT REDUCTION')"); !
5! CALL PARTN ( [KAA]l, [KRR], [XLR], , [KLL], [PARLX(BC)] ); t
5! CALL SDCOMP ( [KLL], [KLLINV(BC)), USETX(BC), SINGLSET ); !
5! CALL FBS { (KLLINV(BC)], [KLR], [D(BC)], -1 ); !
5! CALL RBCHECK ( BCID, USBTX(BC), BGPDT(BC), (D(BC)], [RLL), '
5! {KRR}, [KLR] }; '
5!'$ $!
518 CALCULATE THE REDUCED MASS MATRIX $!
518 $t
5! CALL PARTN ([MAA], [MRRBAR], [MLR], , (MLL), [PARLX(BC)}); !
st {IFR(BC)] := [MLL] * [D(BC)) + (MLR]; !
51 {MRR(BC)) := [MRRBAR] + TRANS ( [MLR}] ) * [D(BC)] =+ '
st TRANS ( (D(BC)] ) * [IFR(BC)]; !
st (r22) := TRANS ( [D(BC)] )} * [MLR] + [MRRBAR]; !
s!$ st
st IF BLOAD <> 0 THEN '
6!'$ $!
6!$ PROCESS STATICS WITH INERTIA RELIEF $!
6!$ $!
6! PRINT("LOG= (' >>>DISCIPLINE: STATICS(INERTIA RELIEF) ')");!
6! CALL ROWPART ( [PA], [PR], [PLBAR]), [PARLX(BC)} ); !
6! {LHS(BC)] := (MRR(BC)I]; . !
6! [RHS(BC)] := TRANS([D(BC)]) * [PLBAR] + [PRI]; [
6! CALL INERTIA ( [LHS(BC)], [RHS(BC)], [AR] ); !
6! [AL] := {D(BC)] * [AR); !
6! CALL RONMERGE ( (AA], [(AR], [AL}, [PARLX(BC)] ); !
6! [RHS(BC)] := (PLBAR] - [IFR(BC)] * [AR}; '
6! CALL PBS ( (KLLINV(EBC)], (RHS(BC)], (UL) ); !
6! CALL YSMERGE ( (UAl, , {UL], [PARLX(BC)] ); !
6! ENDIF; '
5t IF BMODES <> 0 THEN '
6! PRINT ("LOG=(* >>>DISCIPLINE: NORMAL MODES')"); !
6! CALL RBIG { , BCID, USETX(BC), [KAA}, [MAA}, [MRR(BC)], '
6! [D(BC)], LAMBDA, (PHIA), (MII], HSIZE(BC) }; H
6! CALL OFPMROOT ( , BCID, LAMBDA ); L
6! ENDIF; '
St ELSE '
s!$ $!
51§ NO SUPPORT SET REDUCTION $!
58 st
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IP BLOAD <> 0 THEN
PRINT("LOG= (' >>>DISCIPLINE: STATICS')®);
CALL SDCOMP { ([KAA), (KLLINV(BC)], USETX(BC), SINGASET );
CALL FBS ( [KLLINV(BC)], [PA}, [UA} );

ENDIF;

IF BMODES <> 0 THEN
PRINT("LOG=("* >»>DISCIPLINE: NORMAL MODES')*");
CALL REIG ( , BCID, USETX(BC), [KAA], [MAA], , , LAMBDA,

{PHIA}, ([MII}, HSIZE(BC) );

CALL OFPMROOT ({ , BCID, LAMBDA );

ENDIF;

ENDIF;
ENDIF;

IF BSAERO <> 0 THEN
PERFORM STATIC AERORLASTIC ANALYSES

PRINT ("LOG= (' SABRO INITIALIZATION')"};
CALL TRNSPOSE ( [GSTKF), [GSKF] );
IP SYMTRN(BC) THEN
CALL TRNSPOSE ( (HRGSTKF], [GSKFHRT] );
CALL TRNSPOSE ( [HIGSTKEF), [GSKFHIT] );
ENDIF;
LOOP := TRUE;
SUB := 0;
WHILE LOOP DO
SUB := SUB + 1;
CALL FTRIMDRV ( BCID, SUB, TRIMDATA, METHOD, MODEL, MACH,
SYM, SAMODEL, SAEMODEL, STDYGEOM, RIGDALOD,
RIGDSLOD, FLEXLOAD, AICMAT, AEROGRID, CAEROBOX,
SACOMPS, SAGEOM, [AIC), (AAICI, (ASAIC] );
CALL SAERODRV (BCID, SUB, LOOP, MINDEX, SYM, MACH, QDP,
TRIMDATA, TRIMRSLT, METHOD, 1);

ADJUST THE KFF MATRIX AND DETERMINE THE RIGID AIR LOADS

IF SYMTRN(BC) THEN
IF ACSMTR(BC) THEN :
[AICS1) := [HRGTKP]* [TRANS({[ASAIC))*{GSKFHRT]];
[AICS2] :« [HRGTKF)* [TRANS([ASAIC))*[GSKFHIT)) + [AICS1);
[AICS3] :« [HIGTKP}* [TRANS([ASAIC])*{GSKPHRT]] + [AICS2];
[AICS] := [HIGTKF]* [TRANS{[ASAIC])*(GSKFHIT)] + (AICS3};
ELSE
[AICSUM] := (0.5) [AIC] + (0.5) [AAIC);
[AICDIF] := (0.5) [AIC] - (0.5) [ARIC];
[AICS1) := [HRGTKF)* {TRANS ( (AICSUM) ) * [GSKFHRT]} ;
[AICS2) := [HRGTKP]*[TRANS({AICDIP])*[GSKFHIT]) + {AICS1];
{AICS3]) := [HIGTKP]*{TRANS ([AICDIF})*({GSKFHRT]] + [AICS2];
[AICS} :« (HIGTKF]*[TRANS([AICSUM]}*{GSKFHIT]] + (AICS3];
BNDIV;
BLSE
IF SYM = 1 [AICS] := [GTKF]* [TRANS([AIC))*(GSKF));
IF SYM = -1 (AICS] := [GTKF)* [TRANS ({ARIC])*{GSKF]);

ADD IN OPTION FOR ASYMMETRIC AIC
IP SYM = 0 [AICS] := [GTKF}*[TRANS({ASAIC])*[GSKFP]];
ENDIF;
DEFINE ZERO LOAD VECTOR FOR ACCELERATION PARAMETERS
CALL ACCFGEN (, BCID, SUB, SYMTRN(BC), RIGDALOD, RIGDSLOD,
STDYGEOM, TRIMDATA, CONLINK, TRIMTOC, [KFFX],
TLABEL, [ACCFORCE], [ACCELOAD], MACH);
USER DEFINED LOADS FROM STATIC LOAD PARAMBTER DRFINITION
CALL UDEFGEN (, BCID, SUB, SYMTRN(BC), RIGDSLOD, [UDGFORCE],
[UDFALOAD) , GSIZE, TLABEL, TRIMDATA, STDYGEOM,
TRIMIOC, MACH, YBSUDRP);

IF NMPC <> 0 THEN

CALL GREDUCE (, [UDGFORCE], [PGMN(BC)], [TMN(BC)],, [UDNFORCE});

ELSE
{UDNPORCE] := [UDGFORCE];
ENDIF;
CALL NREDUCE ( , [UDNFPORCE], {PNSF(BC)], , , , , [UDFFORCE] );

IP SYMTRN(BC) THEN

CALL UDEFTRAN (, BCID, SUB, [UDFFORCE}, TRIMIOC, [HFREALT(BC)],

(HFIMAGT (BC)], [UDFFORCX] );
BLSE
[UDPFORCX] := [UDFPORCE];
ENDIF;
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518

NEW AIR FORCE MERGE ROUTINE

IP SYMTRN(BC) THEN
CALL ARFMRG (, BCID, SUB, SYMTRN(BC), TRIMDATA, TLABEL,
RIGDALOD, STDYGEOM, [HRGPTKF], [HIGPTKF], CASE,
[ARROLOAD), [AIRFORCE], TRIMTOC, MACH, YESAERO);
ELSE
CALL ARPMRG (, BCID, SUB, SYMTRN(BC), TRIMDATA, TLABEL,
RIGDALOD, STDYGEOM, [GPTKF], [HIGPTKF], CASE,
[ABROLOAD]), {AIRFORCE], TRIMTOC, MACH, YESAERO);
ENDIF:

MERGE LOADS IN THE AERODYNAMIC DOMAIN FOR STABILITY DERIVATIVES

{SAROLOAD] := [ACCELOAD] ;
IF YRSUDEF THEN
CALL APPEND ( (UDFALOAD], {SAROLOAD] )};
BENDIF;
IF YESAERO THEN
CALL APPEND ( [AEROLOAD], [SAROLOAD] );
ENDIF;
CALL RIGDSTAB ( BCID, SUB, TRIMTOC, [SAROLOAD], STDYGEOM,
BGPDT(BC), QDP, STABCFA );

MERGE LOADS IK THE STRUCTURAL DOMAIN FOR AEROLELATIC SOLUTION

{PAF} :x [ACCPORCE] ;
IF YBSUDRF THEN
CALL APPEND { [UDFFORCX], [PAFl );
ENDIF; ’ .
IF YBSAERO THEN
[PAFX] := (QDP) (AIRFORCE];
CALL APPEND ( ([PAFX), [PAF} };
ENDIF;
CALL UTMPRG ( [PAFX) );
[KAPP] := [KFFX] - (QDP) [AICS):
CALL UTMPRG ( {AICS] );

REDUCE THE MATRICRS WITH ARROELASTIC CORRECTIONS
SAVE THE SUBCASE/BC DEPENDENT DATA FOR SENSITIVITY ANALYSIS

IP NGDR <> 0 THEN
PERFORM THE GENERAL DYNAMIC REDUCTION

PRINT ("LOG=(* SARRO DYNAMIC REDUCTION')");
[MAAA] := TRANS ( [GSUBO(BC)) ) * [ [MFFX] * [GSUBO(BC)] }:
{KAAR] := TRANS { [GSUBO(BC)] ) * { [KAPF] * [GSUBO(BC)]) 1;
[PAR] := TRANS ( [GSUBO(BC)] ) * [PAF];

BLSE '
IF NOMIT <> O THEN

PERFORM THE STATIC REDUCTION
PRINT ("LOG=(’ SAERO STATIC CONDENSATION')®);

IF NRSET <> O AND SUB = 1 AND BLOAD = 0 AND BMODES = 0 AND
BFLUTR = 0 AND BDYN = 0 THEN

FORM {KAA} ON SO [D] CAN BE FORMED

CALL FREDUCE ((KFFX], , [PFOAX(BC)], , [KOOINV(BO)], , .
[GSUBO(BC)), [KAR), , , USBTX(BC) );
ENDIF;

CALL FREDUCE ( [KAFF], [PAF}, [PPOAX(BC)}, BSAERO,
(XOOL (BC, SUB}], [KOOU(BC,SUB)],
[KAO(BC,SUB)1, [GASUBO(BC,SUB)), [KAAA],
[PAA], (POARO({BC,SUB)], USBTX(BC));

IF BMASS <> 0 THEN
PERFORM GUYAN REDUCTION OF THE MASS MATRIX

CALL PARTN ( [MFFX], [MOO), , [MOA], [MAABAR],
[PPOAX(BC)] )
[MAAA] := [MARBAR) + TRANS((MOA}) * [GASUBO(BC,SUB)] +
TRANS ( [GASUBO(BC,SUB)]) * [MOA] +
TRANS ( [GASUBO (BC,SUB}1) + [[MOO} *
[{GASUBO(BC,SUB) 1] ;
IF NRSET <> 0

[IPMA(BC,SUB)] := [MOO)* [GASUBO(BC,SUB}] +[MOA] ;

ENDIF;
BLSE

NO P-SET REDUCTION

IF NRSET <> 0 AND SUB = 1 AND BLOAD = 0 AND
BMODES = 0 AND BFLUTR = 0 AND BDYN = 0 THEN
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FORM [KAA] ON PIRST PASS SO (D] CAN BE FORMED

[KAR) := (KFFX];
ENDIP; -
(KAAA] := [KAPF];
[MAAA] := [MFFX);
{PAR] := [PAF);
ENDIF;
ENDIF;

IF NRSET <> 0 THEN
PERFORM THR SUPPORT SET REDUCTION
PRINT("LOG=("' SAERO SUPPORT REDUCTION'}");

IF SUB = 1 AND BLOAD = 0 AND BMODES = O AND BFLUTR = 0
AND BDYN = 0 THEN

(D] WAS NOT COMPUTED FOR NON-SAERO DISCIPLINES SO
NEED TO COMPUTE IT NOW

CALL PARTN ( [KAR), {XRR}, [KLR], , [KLL], [PARLX(BC)] );
CALL SDCOMP ( (KLL], (KLLINV(BC)], USETX(BC), SINGLSET ),
CALL PBS ( [KLLINV(BC)], (KLR], (D(BC)), -1 );
CALL RBCHECK ( BCID, USETX(BC), BGPDT(BC), [D(BC)], [KLL],
(KRR], [KLR] );
ENDIF;

CALCULATE THE REDUCED MASS MATRIX

CALL PARIN ([MAAA], ([MRRBAR], (MLR}, , (MLL], [PARLX(BC)});
[R13(BC,SUB}] := [MLL] * {D{BC})] + [MLR]};

{R33) := [MRRBAR] + TRANS ( IMLR] )} * [D(BC)] +
TRANS { [D(BC)1 ) * [R13(BC,SUB)};
[rR22] := TRANS ( (D(BC)] ) * [MLR] + [MRRBAR];

CALL TRNSPOSE ( [R13(BC,SUB)], ([R21(BC,SUB)]} );
PROCESS STEADY AEROELASTIC DISCIPLINE

PRINT ("LOG= (" >>>DISCIPLINE: STBADY ARRO')");

CALL PARTN ( [KAAA), (KARR}, {R12(BC,SUB)], [KARL}, {R11],
[PARLX(BC)] );

{R32(BC,SUB)) := TRANS((D(BC})} * [R12(BC,SUB)] + [KARR];

[R31(BC,SUB)} := TRANS({[D(BC)]) * {R11] + (KARL];

CALL DECOMP ( [R11], [RL11(BC,SUB)], [RU11(BC,SUB)] );

CALL ROWPART ( [PAA], [PARBAR], [PAL}, [PARLX(BC}] );

CALL GFBS ( [RL11(BC,SUB)], ([RU11(BC,SUB)}, (PAL],
[R11PAL(BC,SUB)], -1);

{PRIGID] := [PARBAR] + TRANS([D(BC)]) * [PAL];

828 ;= [R21(BC,SUB}) * [R11PAL(BC,SUB)I;

[e2} := [PRIGID] + [R31(BC,SUB)] * [R11PAL(BC,SUB)];

CALL GPBS ( [RL11(BC,SUB)), {RU11(BC,SUB)), [R12(BC,SUB)].
{R1112(BC,SUB)], -1);

CALL GPBS ( {RL11(BC,SUB)], [RUI1(BC,SUB)]}, [R13(BC,SUB)],
[R1113(BC,SUB)}, -1);

x11) := {R22)] + [R21(BC,SUB)] * [(R1112(BC,SUB)];

{K12(BC,SUB)] := [R21(BC,SUB)} * [R1113(BC,SUB)];

$!
$!

$!
$!
$!

$!

$t
§!
$!
$!

@ 0 .

st
$!
$!
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“

{21 (BC,SUB)] := [R32(BC,SUB)] + {R31(BC,SUB)] * [R1112(BC,SUB)];!

(x22] := [R33] + {R31(BC,SUB)] * [R1113(BC,SUB)};

CALL DBCOMP ( [K11}, [XL11(BC,SUB)], [KU11(BC,SUB}] );

CALL GFBS ( [KL1l(BC,SUB)], [KU11(BC,SUB)], ([P1],
(PAR(BC,SUB)} );

CALL GFBS ( [KL11(BC,SUB)], [KU11(BC,SUB)}, [K12(BC,SUB)],
[X1112(BC,SUB)}, -1 ) ;

{LHSA(BC,SUB)} := [K22] + [K21(BC,SUB)) * [K1112(BC,SUB)I;

[RHSA (BC,SUB)] := (P2] - [K21(BC,SUB)] * [PAR(BC,SUB)];

PLEXIBLE STABILITY COERFPICIENTS COMPUTATION

CALL FLEXSTAB ( , BCID, MINDEX, SUB, SYM, QDP, TRIMDATA,
STABCFA, STABCPS, BGPDT(BC), [LHSA(BC,SUB)},
[RHSA(BC,SUB)], [AAR}, [DRLTA(SUB)], [PRIGID],
{R33], CONST, ABFLG(SUB), [AARC], [DELC],
SYMTRN(BC), STDYGROM, DOTRMCON );

GENERATE PLEXIBLR STRUCTURAL TRIM PARAMETER LOAD VECTORS
AND DEBFLECTION VECTORS TO BE LOADED INTO GROUP FLEXLOAD

CALL GFBS ( [RL11(BC,SUB)), [RU11(BC,SUB)], [R13(BC,SUB)!.
{ULFIX2], -1);

(ULFLX1] := - [R11PAL(BC,SUB)];

CALL ROWMERGR { {UAFLX1), , (ULFLX1], [PARLX(BC)] };

CALL ROWMERGE ( [UAFLX2), , [ULFLX2)}, [PARLX(BC)] );

IP NOMIT <> 0 THEN

40

!
$!

]




3319
3320
3321
3322
3323
3324
3325
31326
3327
3328
3325
3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348
3349
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3385
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33587
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CALL GFBS ( [KOOL(BC,SUE)], [KOOU(BC,SUB)], [POARO(BC,SUB}].

CALL TRNSPOSE ( [KAO(BC,SUB)},
[KOOL (BC,SUB) 1, {KOOU(BEC,SUB}I.

CALL GFBS (

[UOFLX1] := [KOOPOA] + [KOOKAD]_'[UAFLXU:

(UOF1X2) :=

[KOOPOA}, 1);

[KOOKAO], -1);

[KOOKAO) ¥ [UAFLX2] ;

{KAOT(BC,SUB)] );

[KAOT(BC,SUB)],

CALL ROWMERGE ( [UPFLX1], [UOFLX1], [UAFLX1], {PFOAX (BC)] );
CALL ROWMBRGE ( [UFFLX2], [UOPLX2j, [UAFLX2], [PPORX(BC)] };

BLSE
{UFFLX1] :=
[UPPLX2] :=
ENDIF;

[UAPLX1] ;
[UAFLX2) ;

IP SYMTRN(BC) THEN
IF ACSMTR{BC) THEN
(PAG} := (QDP) {GPTKG]* {KREALK] * [SAROLOAD] ;
[PAGI] := (QDP) {GPTKG]* [KIMAGK] * [SAROLOAD] ;

ELSE
[PAG] :=
ENDIF;
BLSE
(PAG] :=
ENDIF;

{QDP) [GPTKG] * {SAROLOAD] ;

(QDP) [GPTKG] * [SAROLOAD) ;

IF SYMTRN(BC) THEN
[UFX1HRT] := [(HFREAL(BC)]*[UFFLX1];
(UPX1HIT) := [HFIMAG(BC)]*({UFFLX1];
[UFX2HRT] :« [HPREAL(BC))+*[UFFLX2];
[UPX2HIT] := [HPIMAG(BC)]*[UFFLX2];
IF ACSMTR(BC) THEN

({GTKGKR]
[GTKGKI]
[PLXT™MP1)
[FLXTMP2}
{PLXTMP3]
{FLXKX1)
[PLXKX2]

[FLXF1R]
{FLXF1I]
[FLXF2R]
[FLXF2I]
BLSE
[FLXTMPS)
{FLXTMPA]
[UFX1SUM)
[UPX1DIF]}
[UFX2SUM]
[UFX2DIF)

[FLXF1R]
{FLXF1I]
{FLXF2R)
[FLXF2I)
ENDIF;
BLSE

1= [GTKG] * {KREALK] ;
: = {GTKG] * [KIMAGK] ;

: = [GSKF) * [HFREAL (BC) ] + (GSKF) * (HFIMAG(BC) ] ;
:= { [KREALT] + [KIMAGT] ] * [FLXTMP1] ;

:aTRANS ( [ASAIC]) * {FLXTMP2] ;

1= [FLXTMP3) * [UFFLX1) ;
:= [PLXTMP3] » [UFFLX2] ;

:» (QDP) [GTKGKR) * [PLXKX1]
:= (QDP) [GTKGKI) * (FLXKX1]
:= (QDP) [GTKGKR] * {PLXKX2]
:w (QDP) [GTKGKI] * [FLXKX2)

i
i
H
H

:=(QDP) [GTKG] * {TRANS ( [AIC] ) * (GSKF]];

:# (QDP} {GTKG} * (TRANS ( [ARIC] ) * {GSKF]) ;
:= (0.5) [UFX1BRT} + (0.5) [UFX1HIT];
:= (0.5) [UFX1HRT} - (0.5) (UFX1EIT];
:= (0.5) [UFX2HRT) + (0.5) [UFX2HIT];
:= (0.5) (UFX2HRT] - (0.S) [UFX2HIT];
[FLXP1SUM) : = [FLXTMPS]* [UFX1SUM] ;
[FPLXFIDIF)] :» [FLXTMPA} * (UFX1DIF};
[PLXF2SUM] : » [FLXTMPS) * {UFX25UM]} ;
[FLXP2DIF] := [FLXTMPA] * [UFX2DIF];

:= {PLXF1SUM] + [FLXF1DIF]
:m [FLXF1SUM] - (FLXF1DIF]
:» [FLXF2SUM] + [FLXF2DIF)
:» [PLXF2SUM] - [FLXF2DIF]

IP SYM = 1 THEN
: = (QDP) [GTKG) * [TRANS ( {AIC)) * [GSKF]];

{FLXTMP]
BNDIF;

IF SYM = -1 THEN
:= (QDP) [GTKG] * [TRANS ( [AAIC] ) * [GSKF]] ;.

[PLXTMP]
ENDIF;

IF SYM = O THEN
:= (QDP) [GTXG] * (TRANS ( [ASAIC] ) * (GSKF]];

[FLXT™P]
ENDIF;

[FLXFRC1] :={FLXTMP}* [UFFLX1]
[FLXFRC2] :=([FLXTMP] ¢ [UFFLX2])

ENDIF;

LOAD GROUP FLEXLOAD

IF SYMTRN(BC) THEN
CALL FLXLODLD ( BCID, SUB, TRIMTOC, TRIMDATA, [PAG],

ELSE

CALL FLXLODLD (

BNDIF;

[PAGY], [FLXF1R], [FLXF1I],
[FLXF21), [MGG], {UPX1HRT],

[FLXF2R],
[UFX1HIT],

[UFX2HRT], [UFX2HIT], BGPDT(BC),
FLEXLOAD, SYMTRN(BC), ACSMIR(EC),

NEWITER );

(UPFLX1], , [UFFLX2],

NEWITER );
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BCID, SUB, TRIMTOC, TRIMDATA, [PAG), ,

(FLXFRC1}, , (FLXFRC2], , [MGGI,

» BGPDT(BC),
FLEXLOAD, SYMTRN(BC), ACSMIR(BC),

“n 0
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GENERATE TRIM PARAMETER BMST DATA

CALL PARMBMST ( TRIMTOC, PLEXLOAD, [PAG}, [PAGI], [SAROLOAD],
STDYGROM, SYMTRN(BC), ACSMTR(BC), BMSTDATA );

GENERALIZED TRIM AND TRIM OPTIMIZATION

SCHITER := 0;
SCHCONVG := FALSE;
WHILE NOT SCHCNVG DO
SCHITER := SCHITER + 1;
CALL SCHDULER ( BCID,SUB, TRIMDATA, TRIMRSLT, TRIMTOC,

{AAR], [DELTA (SUB) ] , SCHITER, SCHONVG ) ;

CALL FLEXTRIM {( , BCID, SUB, SYM, QDP,
TRIMDATA, TRIMRSLT, TRIMTOC,
{LHSA(BC,SUB)], [RHSA(BC,SUB}],

, {AAR], [DELTA(SUB)}, [PRIGID], (R33) );

CALL FTRIMOPT ( , BCID, SUB, SYM, QDP,
TRIMDATA, TRIMRSLT, TRIMTOC,
[LHSA (BC,SUB)), [RHSA(BC,SUB}],

[AAR], (DELTA(SUB)], [(PRIGID], {R33],

BMSTDATA ) ;
ENDDO;

GENBRATE TRIMMED BMST DATA

TRMRIGD := FALSE;

CALL OFPBMST ( , BCID, SUB, leP, [AAR], [DEBLTA{(SUB)],
TRIMDATA, TRIMTOC, BMSTDATA, TRMRIGD,

OBMSTLOD ) ;

[AAL) := {D(BC)] * [AAR];

CALL ROWMBRGE ( [AAA(SUB)], [AAR], [AAL], [PARLX(BC)] );

[UAR]) := [K1112(BC,SUB)] * [AAR) + [PAR(BC,SUB)) *
[DELTA(SUB) ] ;

(UAL]) :w [R1112(BC,SUB)) * (UAR) + [R1113(BC,SUB}) * [AAR]

- {R11PAL(BC,SUB)] * (DBLTA(SUB)];

CALL ROWMERGE ( (UAA(SUB)], [UAR], (UAL}, [(PARLX(BC)} );
IP NOMIT <> 0 {PAO(SUB)] := [POARO(BC,SUB)! * [DELTA(SUB))

ELSE

NO SUPPORT SET RRDUCTION

PROCESS STEADY ABROBLASTIC DISCIPLINE

PRINT(*LOGs=("* >>>DISCIPLINE: STEADY ARRO')");
BNDIF;
ENDDO;
ENDIP;

PERPORM ANY DYNAMIC ANALYSES -- NOTE THAT THESE ARE INDEPENDENT
OF THE SUPPORT SET

IF BDYN <> 0 THEN
IF BFLUTR <> 0 THEN
PRINT("LOGs=(* >>>DISCIPLINE: FLUTTER')");
SUBF := 0; .
LOOP := TRUB;
WHILE LOOP DO
SUBF := SUBPF + 1;
CALL FLUTDRV ( BCID, SUBF, LOOP );

CALL FLUTQHHL ( , BCID, SUBF, ESIZB(BC), PSIZ2E(BC), I[QKKL],

{UGTKA], (PHIA}, USBT(BC),

H

[TMN(BC)], [GSUBO(BC)], NGDR, AERCOMPU, GEOMUA,

(PHIKH], [QHHLFL(BC,SUBF)], OAGRDDSP };

CALL FLUTDMA ( , BCID, SUBFP, BSIZE(BC), PSIZER(BC), BGPDT(BC),
USET(BC), [MAA], (KAA], [TMN(BC)], (GSUBO(BC)],

NGDR, LAMBDA, [PRIA], [MHHFL(BC,SUBF)},
{BHHFL (BC, SUBF)], [KHHFL(BC,SUBF)] );

CALL PLUTTRAN (,BCID, SUBF, (QHHLFL(BC,SUBF)], LAMBDA, HSIZE(BC),
BSIZE(BC), [MHHPL(BC,SUBF)]), [BHHFL(BC,SUBF)I},

[KHHFL (BC, SUBF)], CLAMBDA );
ENDDO;
ENDIF;
IF BDRSP <> 0 THEN
IF BMIR <> 0 OR BDTR <> 0 THEN

PRINT(*LOG=("* >>>DISCIPLINE: TRANSIENT RESPONSE')"};
EXDIF; )
IF BMFR <> 0 OR BDFR <> 0 THEN

PRINT("LOG= (' >>>DISCIPLINE: FREQUENCY RESPONSE')®);
ENDIF;

CALL QHHLGEN (BCID, BSIZE(BC), [QKXL]}, {QKJL]), [UGTKA], [PEIA],

[PHIKR], [QHHL], [(QHJL]);

CALL DMA ( , BCID, BSIZE(BC), PSIZE(BC), BGPDT(BC), USET(BC),

[KAR), (TMN(BC)], [GSUBO(BC)], NGDR,
LAMBDA, [(PHIA}, [MDD), [BOD), [XDDT], [XDDF],
[MBH], (BHH], (KHHT], (KHHF] );

CALL DYNLOAD ( , BCID, GSIZE, BSIZR(BC), PSIZE(BC), SMPLOD,
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IF BMTR <> 0 [UTRANA}
IF BMFR <> 0 [UFREQA]

BNDIF;
ENDIF;
IP BBLAST <>

PRINT("LOG= ('
CALL BLASTFIT ( BCID, {QJJUL), [MATTR],

CALL COLMERGE ( [PHIB), [PHIR], (PHIE],

BGPDT(BC), USBT(BC),
NGDR, (PHIA), [QHJL],
{PTGLOAD} , - [PTHLOAD],
CALL DYNRSP (BCID, BSIZE(BC), [MDD],

(MHH], [BHH], [KHHT], [KHHF]
{QHHL),, (UTRANA], [UFREQA],
{UTRANE], [UFREQE] );

0 THEN

[DWNWSH], HSIZE(BC), {ID2],
[BLGTJA}, [BLSTJA] );

CALL COLPART ( [PHIA]l, , (PHIE], [MPART) );
CALL ROWMERGE ( [PHIR], (ID2], [D(BC)], [PARLX(BC)) );

{TMN(BC)], [GSUBO(BC)I],
(pDT), [PDFI,
{PFGLOAD], [PFHLOAD] );
(8DD}, (XDDT), [XDDF],

, (pDT}, [PDF],
[UTRANI], [UFREQI].

s= [PHIR] * [UTRANI];
:= [PHIA) * [UFREQI];

>>>DISCIPLINE: BLAST')");
[MATSS], BQDP, [BFRC],

[MPART], [UGTKA],

{MPART] );

[GENM] := TRANS( [PHIB] ) * [ [MAA] + {PHIB] 1.
(GENK] := TRANS( [PHIB] ) * [ [KAA] * ([PHIB] ];
= TRANS ( (BLSTJA] ) * [PHIB];
(FTF) := TRANS ( (PHIB] ) * [BLGTJA];
{GENF) ;= (BQDP) {FTF] * [BFRCI;

{DTSLP] :

{GENFA] :

[GENQ) :
[GENQL]

= (BQDP) [FTF] * [MATSS];
= [GENFA] * {DTSLPI];
= (BQDP) [FTF] * [MATTR];

CALL PARTN ( (GENQ], [QRR] , , [QRE]
CALL PARTN ( (GENK}, , , , (KEE], {MPART] );
[KBQR) := [QEB] + [KEE];
CALL DERCOMP ( ([KEQE], (LKQl, [UKQ) );
CALL ROWPART ( [GENF]), [GFR], [GFE]
( [LxQ), {UXQl, [GFB], [BTEM] );

CALL GFBS

{DELM] := -[QRE] * [BTEM] + {GFR];
CALL BLASTRIM ( BCID, [DBLM], [MRR(BC)],

[ELAS) := {BTEM] * ([DELB};
[SLPMOD] := TRANS ( [BLSTJA] ) * (PHIR);

CALL BLASTDRV ( BCID, (GENM}, (GBNK],

BNDIF;

BEGIN THE DATA RECOVERY OPERATIONS

IF NBNDCOND > 1 CALL NULLMAT ( [UF],

IF NBENDCOND > 1 CALL NULIMAT ( [UAF],
IP NGDR <> 0 THEN

DATA RECOVERY WITH GDR
APPEND THR GDR-GENERATED DOPS TO THE F-SET

PRINT ("LOG= ('

IP BLOAD <> O THEN

[UPGDR]

:= [GSUBO(BC)) * [UA);

[AF),
[UaFI],

[QRE],

[MPART]

CALL ROWPART ( [UA], [UJK], , [PAJK] );
CALL ROWMBRGE ( (UFX], [UJK], [UFGDR), (PFJK] );
IF KRSET <> 0 THEN ’

[APGDR]

CALL ROWPART ( [AA}, (WJK], ,
CALL ROWMERGE ( [AFX], [UJK],

ENDIF;
ENDIF;
IP BSABRO

<> 0 THEN

POR S = 1 TO SUB DO

[UPGDR]
CALL ROWPART { [UAA(S)],
CALL ROWMERGE ( [UAFTMP],

MERGE THE CURRENT SUBCASE DEPENDENT RESULTS INTO A SINGLE

:w (GSUBO(BC)] * [AA];

[OJX] ,

[PAJK] )
[APGDR],

:= [GSUBO(BC)] * {UAA(S)];
(0IK], , [PAJK] };
{UPGDR], [PFJK] );

[MPART] );

¥i

[URDB}, (DELB] );

[GENFA], [GENQL], [DELB],
{URDB), [DWNWSH], [SLPMOD}, [BLAS], [UBLASTI] );

[PEIF}, {UFX), [AFX] );
(AAF], [AAPI}):

DYNAMIC REDUCTION RECOVERY')®);

[PPIX] )

MATRIX OF RRSPONSE QUANTITIES FPOR FURTHER RECOVERY

CALL SAEROMRG ( BCID, S, TRIMDATA,

IP NRSBT <> 0 THEN

[UAFX]}, [UAFTMP] );

[APGDR} := {GSUBO(BC)] * [AAA(S)];
CALL ROWPART ( [AAA(S)], [UJK], ., [PAIK] );
CALL ROWMERGE ( [AAFTMP], [UJK], [APGDR], [PFJK] }:

CALL SAEROMRG ( BCID, S, TRIMDATA,

BNDIF;
BNDDO;
ENDIF;
IF BMODES <> 0 THEN
[UPGDR] := [GSUBO(BC)] * {PHIA];

CALL ROWPART ( {PHIA], [UJK], .,

CALL ROWMBRGE ( [PHIP], [UJK}, (UPGDR]},

ENDIF;
IF BDTR
[UPGDR]

ENDIF;
IF BDFR

<> 0 OR BMIR <> 0 THEN

{PAJK] );

:= [GSUBO(BC)] * {UTRANA];
CALL ROWPART ( [UTRANA], ([UJK],
CALL ROWMERGE ( [UTRANF], [UJK],

<> 0 OR BMFR <> 0 THEN
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[AAFX], (AAFTMP] );

[PPIK] );

[PAJK]) );

[UPGDR] ,

[PFIK] );
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[UFGDR] := [GSUBO(BC)] * [UFREQA]:
CALL ROWPART ( [UFRBQA), (UJK]), , [PAJK} );
CALL ROWMERGE ( [UFREQPF!, (UJK}, (UFGDR), [PFJK] );
BNDIF;
ELSE
IF NOMIT <> O THEN

DATA RECOVERY WITH STATIC CONDENSATION

"waun

PRINT(*LOG= ("' STATIC CONDENSATION RECOVERY')*):
IF BLOAD <> 0 THEN
CALL RECOVA ( [UA), [POl, [GSUBO(BC)), NRSET, (AA],
[IPM(BC)], , [KOOINV(BC)],, [PFORX(BC)], [UFX] );
IP NRSET <> 0 CALL RRCOVA ( [AA)}, , [GSUBO(BC)1.,.,,.,
[PFOAX (BC)1, [AFX] );
BNDIF;
IF BSAERO <> 0 THEN
FOR § = 1 TO SUB DO
CALL RECOVA ( [UAA(S)], [PRO(S)], [GASUBO(BC,S)],
NRSBT, [AAA(S)], [IFMA(BC,S)), BSAERO,
[KOOL(BC,S)], [KOOU(BC,S)1,
(PFOAX (BC)], [UAFTIMP] );

MERGE THE CURRENT SUBCASE DEPENDENT RESULTS INTO A SINGLE
MATRIX OF RESPONSE QUANTITIBS FOR FURTHER RECOVERY

“u’raron

CALL SABROMRG ( BCID, S, TRIMDATA, [UAFX], [UAFTMP] );
1P NRSET <> 0 THEN
CALL RECOVA { [AAR(S}],, [GASUBO(BC,S)],..,s.»
[PFOAX(BC)], [AARFTMP]);
CALL SAEROMRG ( BCID, S, TRIMDATA, [AAFX), [AAFTMP] );
BNDIF;
ENDDO;
ENDIF;
IP BMODBS <> 0 THEN
[PHIO] := {GSUBO(BC)] * [PHIA];
CALL ROWMBRGE ( (PHIF], [PHIO], (PHIA), [PPOAX(BC)] );
ENDIF;
IF BDTR <> 0 OR BMIR <> 0 THEN
CALL RECOVA ( [UTRANA], , [GSUBO(RC)]1,,,..,.
[PPOAX(BC) ], [UTRANF] );
ENDIF;
IF BDFR <> 0 OR BMFR <> 0 THEN
CALL RECOVA ( [(UFREQA], , [GSUBO(BC}).,.....
[PPOAX (BC)], [UFREQF} )};
ENDIF;
ELSB

DATA RECOVERY WITHOUT P-SET REDUCTION

0w unun

IF BLOAD <> 0 THEN

[UPX] := (UA);

IF NRSET <> 0 {[AFX] := [ARA];
ENDIF;
IF BSAERO <> 0 THEN

FOR S = 1 TO SUB DO

MERGE THE CURRENT SUBCASE DEPENDENT RESULTS INTO A SINGLE
MATRIX OF RESPONSE QUANTITIES POR FURTHER RECOVERY

“vaanan

CALL SABROMRG ( BCID, S, TRIMDATA, [UAFX], [UAA(S)] ):
IP NRSET <> 0 CALL SAEROMRG(BCID, S, TRIMDATA, [AAFX], (AAA(S}]));
ENDDO;
ENDIF;
IP BMODES <> 0 [PHIF] :=  [PHIA};
IF BDOTR <> 0 OR BMIR <> 0 [UTRANF] := [UTRANA];
IF BDFR <> 0 OR BMFR <> 0 [UFREQP] := [UFRBQA];

IP SYMIRN(BC) THEN
IF BLOAD <> 0 THEN
{UP) := [HFREBAL(BC)) * {UFX];
IF NRSET <> 0 [AP] := [HFREAL(BC)) * [AFX];
ENDIF;
IF BSAERO <> 0 THEN
[UAF] := [HFREBAL(BC)]) * [UAFX];
[UAPI) := [HFIMAG(BC)] * [UAFX];
IF NRSET <> 0 [AAF] := [HFREAL(BC)] * [AAFX];
IP NRSET <> 0 [AAFI] := [HFIMAG(BC)] * [AAFX];
ENDIF;
ELSE
IP BLOAD <> O THEN
{OP] := [UFX];
IF NRSET <> 0 [AP] := [AFX];
ENDIF;
IF BSAERO <> 0 THEN
{UAF) := [UAFX};
IP NRSET <> 0 [AAF] :« [AAFX);
ENDIF;




3679 4! ENDIF; !
3680 31§ !
3681 3! IFP NENDCOND > 1 CALL NULLMAT ( [UN]1, [AN], [PHIN] ); !
3682 LR IF NSPC <> O THEN !
3683 4!$ : §!
3684 ars DATA RECOVERY WITH SPC-REDUCTION §t
1685 4!$ St
3686 4! PRINT ("LOG=(* SPC RECOVERY')"); !
3687 4t IP BLOAD <> 0 THEN !
3688 5! CALL YSMERGE { {UN], [YS(BC)], [UF], [PNSF(BC}] ); !
3689 51 CALL OFPSPCF ( 0, BCID, 1, 1, GSIZE, BSIZE(BC), NGDR, '
3690 51 {xPS), [Kss}, [UF), [¥s(BC)], [PS], !
3691 st [PNSF(BC)], [PGMN(BC)], (PRJK], , , . !
3692 st BGPDT(BC), OGRIDLOD ); '
3693 5! IP NRSET <> 0 CALL YSMBRGE ( [AN], , [AF}, {PNSF(BC)! ); !
3694 s! ENDIF; '
3695 4! IF BSAERO <> 0 THEN '
3696 5! , CALL YSMERGE ( [UAN], (YS(BC)], [UAF), [PNSF(BC)) ); !
3697 St IF NRSET <> O CALL YSMERGE ( [AAN], , [(AAF}, [BNSF(BC)] ): t
3698 51 IF SYMTRN(BC) THEN !
3699 6! CALL YSMERGE ( [UANI], [YS(BC)], [UAFI}, [PNSF(BC}] ); !
3700 6! IF NRSET <> 0 CALL YSMERGE ( [ARNI], , [AAPI], [PNSF(BC)] ); t
3701 61 ENDIF; '
3702 st BNDIF; '
3703 41 IP BMODERS <> 0 THEN '
3704 51 CALL YSMERGE ( [PHIN], [YS(BC)], [PHIF], !
3705 St [PNSF(BC)] ); !
3706 St IP DMODBS <> 0 CALL OFPSPCF ( 0, BCID, 2, 1, GSIZE, !
3707 6! BSIZB(BC), NGDR, !
3708 6! (xPs), , [PHIFl, , . !
3709 6! [PNSF(BC)], (PGMN(BC)], [PFJK], '
3710 6! . . . BGPDT(BC), OGRIDLOD ); t
3711 st ENDIF; !
3712 4! IF BDTR <> O OR BMTR <> 0 !
.3 s! CALL YSMERGE { (UTRANN], [YS(BC)], [UTRANF], '
3714 5! {PNSP(BC)], BDTR ); !
3715 4! IF BDFR <> 0 OR BMFR <> 0 '
3716 5t . CALL YSMERGE ( [UFREQN], [YS(BC)], [UFRBQF], '
3717 5t [PNSF(BC)}, BDFR ); !
3718 4 IF BFLUTR <> 0 '
3719 St CALL OFPSPCF ( 0, BCID, 4, 2, GSIZB, ESIZR(BC), NGDR, [KFS], , !
3720 st {PHIF], , , [PNSP(BC)], [PGMN(BC}], [PFJK], !
3721 H . . . BGPDT(BC), OGRIDLOD ); H
3722 4! IP BBLAST <> 0  THEN !
3723 51 [UBLASTF) := [PHIF]*{UBLASTI]; !
3724 St CALL OFPSPCF ( 0, BCID, 8, 1, GSIZE, BSIZR(BC), NGDR, '
3728 5! {xPs], , [UBLASTP], , , [PNSP(BC)], [(PGMN(BC)], !
3726 st (PFJK), , . ., BGPDT(BC), OGRIDLOD ); !
3727 51 BNDIF; !
3728 4 ELSE '
3729 4!$ st
3730 4! DATA RECOVERY WITHOUT SPC-REDUCTION st
3731 413 §!
3732 4! IF BLOAD <> O THEN !
3733 St {oN) := (UF); !
3734 51 IF NRSET <> O [AN] := [AF}; '
3735 5! ENDIF; !
3736 4 IP BSAERO <> 0 THEN '
3737 51 [UAN] := [UAF]; !
3738 St IF NRSET <> O [AAN] := [AAF]; !
3739 5! IF SYMTRN(BC) THEN '
3740 6! [UANI] := [UAPFI]; !
3741 6! IF NRSET <> O [AANI] := [AAPY); '
3742 6! ENDIF; '
3743 5! BNDIF; '
3744 4! IP BMODES <> 0 (PHIN] := [PHIF]; !
3745 4! IP BDTR <> 0 OR BMTR <> O [UTRANN] := (UTRANA]; '
3746 4! IP BDFR <> 0 OR BMFR <> O [UFRBQN] := [UFREQA]; !
3747 4! ENDIF; !
3748 318 : st
3749 3! IF NENDCOND > 1 CALL NULLMAT ( [UG(BC)], [AG(BC)], [UAG(BC)], [ARG(BC)], !
3750 4! {PHIG(BC)], [UAGI(BC)], [AAGI(BC)]) ); t
3751 31 IP NMPC <> 0 THEN '
3752 45 $!
3753 415 DATA RECOVERY WITH MPC-REDUCTION $t
3754 48 $!
3755 4! PRINT ("LOG= ("’ MPC RRCOVERY')"); '
3756 4! IP BLOAD <> 0 THEN '
3757 51 {oM] := [TMN(BC)] * [UN]; !
3758 st CALL ROWMERGE ( [UG(BC)], [UM], [UN], [PGMN(BO)] ); '
3759 H IF NRSET <> O THEN [
3760 6! [UM) := [TMN(BC)) * [AN]; !
3761 6! CALL ROWMERGE ( {AG(BC)], [UM], [AN], [PGMN(EC)] ); !
3762 6! BNDIF; !
3763 St ENDIF; !
3764 4! IP BSAERO <> 0 THEN '
3765 st [OM) := [TMN(BC)] * (UAN]; t
3766 5! CALL ROWMERGE ( [UAG(BC))}, [UM), [UAN], [PGMN(BC)] ); !
3767 51 IP MRSET <> 0 THEN '
3768 6! [UM] := [TMN(BC)] * (AAN]; '
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CALL ROWMERGE ( [AAG(BC}I,
ENDIF;
IF SYMTRN(BC) THEN
(UM] := [TMN(BC)] * [UANI];
CALL ROWMERGE { (UAGI(BC)],
IF NRSET <> 0 THEN
{uM] := (TMN(BC)] * [AANI};
CALL ROWMERGE ( [AAGI(BC)],
ENDIF;
ENDIF;

ENDIF;

IF BMODBS <> 0 THEN
[OM) := [TMN(BC)} * [PHIN);
CALL ROWMERGE ( [PHIG(BC)],

BNDIF;

IF BDTR <> 0 OR BMIR <> O THEN
[OM] := ([TMN(BC)] * {UTRANN]; .

, CALL ROWMERGE ( (UTRANG], [UM),

BNDIP;

IF BDFR <> 0 OR BMFR <> 0 THEN
[OM] := [TMN(BC}] * [UFREON];
CALL ROWMERGE ( [UFREQG]. (UM},

ENDIF;

BLSE

(oM,

fomM],

{uM1,

DATA RECOVERY WITHOUT MPC-REDUCTION

IF BLOAD <> 0 THEN
{UG(BC)] := [UN];
IF NRSET <> 0 [AG(BC)]
ENDIF;
IF BSABRO <> 0 THEN
[UAG(BC)) := (UAN];
IP NRSET <> 0 [AAG(BC)] :=
IF SYMTRN{(BC) THEN
[UAGI(BC)]) := [UANI];
IP NRSET <> 0 [AAGI(BC)] :=
ENDIF;
ENDIF;
IP BMODES <> 0 [PHIG(BC)]}
IF BDTR
IF BDFR
ENDIF;

:= [AN];

[AAN] ;
[AANT]

:= [PHINI;
<> 0 OR BMIR <> 0 [UTRANG] :=
<> 0 OR BMFR <> 0 [UFREQG] :=

[AAN] ,

oM,

{PRIN],

[UTRANN] ,

[UFREQN] ,

[PGMN(BC)} )

[UANI], [PGMN(BC)] );

[AANI], (PGMN(BC)] );

[PGMN(BC)] );

{PGMN(BC)] );

[PGMN(BC)] ) ;

i

{UTRANN] ;
[UFREQN] ;

RECOVER PHYSICAL BLAST DISCIPLINE DISPLACEMENTS

IF BBLAST <> 0 [UBLASTG]
HANDLE OUTPUT REQUESTS

PRINT ("LOG= ("
IF BSAEBRO <> 0 THEN

OUTPUT PROCESSING')")

RECOVER STATIC AEROELASTIC LOADS DATA

LOOP := TRUE;
SUB := 0;
WHILE LOOP DO
SUB := SUB + 1;
CALL SABRODRV (BCID,
TRIMRSLT, METHOD );

SUB, LOOP, MINDEX,

:= [PHIG(BC)] * [UBLASTI];

i

SYM, MACH, QDP, TRIMDATA,

CALL THE TRIMMED LOADS COMPUTATION WITH PROPER MATRICES

IF SYM = 1 THEN

CALL OFPALOAD ( , BCID, MINDEX, SUB, GSIZE, TRIMDATA, BGFDT(BC),
{GSTKG], QDP,
(axcy,

(GPTKG], [GTKG],
[DBLTA(SUB) 1,
(UAG(BC) ], [MGG],
(Kss], (UAF],
{(PGMN(BC) ],
OGRIDLOD );
ELSR
IF SYM = -1 THEN

CALL OPPALOAD(, BCID, MINDEX, SUB, GSIZE, TRIMDATA, BGPDT(BC),

iGPTKRG], [GTXG],
{DEBLTA(SUB)],
[URG(BC) ), (MGG],
(kss}, [ORP),
[PGMN(BC) ],
OGRIDLOD ) ;
ELSE
IF SYM = 0 THEN

CALL OFPALOAD { , BCID, MINDEX,

{¥Ys(eQ)],
[PPJK), NGDR, USET(BC),

{¥S(BC)),
[{PPJK]), NGDR, USET(BC),

[SAROLOAD] ,

{ARG(BC)], [KPS],

[PRSF(BC) 1,

[GSTKG] , QDP, {SAROLOAD],

[ARIC),

[ARG(BC)], [(KPS],
(PNSP(BC)],

SUB, GSIZE,

TRIMDATA, BGFDT(BC),

[GPTXG], [GTKG],
{DBLTA(SUB) ],
[UAG(BC)}, [MGG],
[kss}, [UAF),
(PGMN(BC) ],
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Ys(so) ],
{PFJK], NGDR, USEBT(BC),

[GSTKG], QDP, [SAROLOAD],

[ASAIC),

[AAG(BC)], (KPS],
{PNSF(BC) ],

“ar 0 .

L RLR ] “w 9 n

n o

“wvaan




3859
3860
3861
3862
3863
3864
3865
3866
3867
3868
3869
3870
3871
3872
3873
3874
3875
as7é
3877
3878
3879
3880
3881
3882
3883
3884
3885
3886
3887
3888
3889
3890
3891
3892
3893
3894
3895
3896
3897
3898
3899
3%00
3502
3902
3303
3504
3%0s
3906
3307
3908
3909
3910
3911
3912
3913
3914
3915
3916
3917
3918
isns
3920
3921
3922
3923
3924

8! OGRIDLOD )} ; H
8! BNDIF; '
7! ENDIF; !
6! ENDIF; !
518 st
58 CALL TO COMPUTE THE TRIMMED LOADS/DISPLACEMENTS ON THE $t
5t$ AERODYNAMIC MODEL $!
518 St
51 IF SYM = 1 THEN !
6! CALL OFPAEROM ( , BCID, MINDEX, SUB, GSIZE, SAGEOM, '
61 TRIMDATA, '
6! [GTXG), [GSTKG], QDP, [SAROLOAD], !
6! [DRLTA(SUB) 1, [AIC], !
6! [UAG(BC)], ORGRDLOD, OAGRDDSP ); !
6! ELSE !
6! IF SYM = -1 THEN '
7! CALL OFPAEROM ( , BCID, MINDEX, SUB, GSIZE, SAGEOM, '
7! , TRIMDATA, '
7! [GTXG], [GSTKGl, QDP, [SAROLOAD], '
'Y [DELTA(SUB)], [AAIC], !
7! {UAG(BC)], OAGRDLOD, OAGRDDSP }; '
71 ELSE !
7! IF SYM = 0 THEN !
81 CALL OFPAEROM ( , BCID, MINDEX, SUB, GSIZE, SAGEOM, '
8! TRIMDATA, H
8! {GTKG], [GSTXG], QDP, [SAROLOAD], H
8! {DRLTA(SUB)], [ASAIC], !
8! [UAG(BC)], OAGRDLOD, OAGRDDSP ); '
8! ENDIF; !
7! ENDIF; !
6! ENDIF; !
5! ENDDO; !
4! BNDIF; !
3! IF BDRSP <> 0 THEN !
41 CALL OFFDLOAD ( , BCID, BGPDT(BC), PSIZE(BC), BSIZE(BC), ([PHIG(BC)], !
4! {PTGLOAD], ([PTHLOAD], (PFGLOAD], [PFHLOAD], OGRIDLOD );!
4! IF BDIR <> 0 OR BMIR «<> 0 '
51 CALL OFPSPCF ( O, BCID, 5, 1, GSIZE, BSIZE(BC), '
s NGDR, (KPS}, , [UTRANF), , , !
5! [PNSP(BC)], [PGMN(BC)], [PFJK], H
5! [PHIG(BC)], [PTGLOAD}, (PTHLOAD], !
51 BGPDT(BC), OGRIDLOD ); '
4! IP BDOFR <> 0 OR BMFR <> 0 '
5! CALL OFPSPCF ( 0, BCID, 6, 2, GSIZB, ESIZE(BC), '
51 NGDR, (KXPS), , [UFREQF], , ., !
S! {PNSP(BC)], [PGMN(BC)], [PFJX], 4
St {PRIG(BC)], [PFGLOAD], [PFHLOAD], !
5 BGPDT(BC), OGRIDLOD ); '
4! ENDIF; H
31 CALL OFPLOAD ( BCID, , GSIZE, BGPDT(BC), PSIZE(BC), '
3 (PGl ); !
3 CALL OFPDISP{ BCID, , GSIZE, BGPDT(BC), BSIZE(BC), PSIZE(BC), !
3! OGRIDDSP, [UG(BC)}]), [AG(BC)], (UAG(BC)}., [AAG(BO)], !
3t {UBLASTG]}, , [UTRANG], (UTRANEB], [UFRBQG], [UPRRQR], t
3! LAMBDA, (PHIG(BC)], , SYMTRN(BC), [UAGI(BC}], [AAGI(BC}] ); !
31 CALL EBDR ( BCID, , NDV, GSIZE, EOSUMMRY, EODISC, '
3t GLEDES, LOCLVAR, [PTRANS], '
3t [UG(BC)], [UAG(BC)], , [UTRANG], [UFREQG], [PHIG(BO)], t
3 ., SYMTRN(BC), (UAGI(BC)] ); !
3! CALL OFPEDR ( BCID, HSIZE(BC), , SYMTRN(BC) ); !
3! $!
31§ I [ Ceieereranaa, PP e e ireecenee e $!
318 st
3!  ENDDO; !
2!ENDIF; '
11END; '
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3. THE SOLUTION CONTROL PACKET

The following pages describe the new and modified Solution Control commands developed under
this effort. These are summarized in the following table:

Command Description of Change/Modification
ARCHIVE New command

ASSEMBLE New command

FTRIM New command

IMPORT New command

OVERLAY New command

SAERO Heavily modified command.

The new commands enable a new ASTROS capability called MODEL ASSEMBLY. This feature
permits the use multiple aerodynamic databases perhaps created from aerodynamic methods alternative
from the native ASTROS methods. The data from a variety of sources can be combined to create
aerodynamic or aeroelastic models for ASTROS use. Aerodynamic and Aeroelastic models are defined at
the subcase level, therefore, a new hierarchical level was inserted in solution control between the
BOUNDARY and DISCIPLINE levels.

SOLUTION
OPTIMIZE/ANALYZE
BOUNDARY
MODEL_ASSEMBLY_COMMANDS
DISCIPLINE MODEL=model_name
END '

Notice that each discipline level command requires the specification of only a single model name
rather than a collection of model components. This removes redundant specification of model assembly
commands for disciplines which use the same model. However, redundant model assembly commands are
still required for the existing ASTROS paradigm of one model and multiple symmetric and antisymmetric
boundary conditions (and even the case of both OPTIMIZE and ANALYZE sub-packets).

Four basic commands provide sufficient generality to assemble aeroelastic models from a
combination of existing and archived data groups.

1. IMPORT

2. ARCHIVE
3. OVERLAY
4. ASSEMBLE

Aerodynamic and aeroelastic data are segregated into logical groupings as shown in Table 3-1.
The first two group types (QUADPAN and USSAERO input packets) are inputs to the two available
ASTROS aerodynamic methods of the SAERO discipline. The next three group types (STDYGEOM,
RIGDALOD, and AIC) are either outputs of the available ASTROS aerodynamic methods (run-time or
archived from previous runs) or alternate data created from some external method. In either case, the
aerodynamic model is assembled from groups of aerodynamic data which exist on either the run-time
database and/or alternate database(s) of archived data. The RIGDSLOD group is defined by the user
through the new SLPARM and current static load bulk data cards. It may be archived from previous runs
in similar function as the STDYGEOM, RIGDALOD, and AIC groups. The subsequent aeroelastic
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discipline, FTRIM, requires a combination of the assembled aerodynamic model and the SPLINES group
and computes as output the FLEXLOAD group.

Table 3-1 ASTROS Aeroelastic Solution is Assembled From Aerodynamic and Aeroelastic Data Groups.

Group Type Contents
QUADPAN Input Packet e geometry input
¢ control surface definition
USSAERO Input Packet , e geometry input
e control surface definition
STDYGEOM e aerodynamic model geometry
RIGDALOD e trim parameter rigid actual aerodynamic
pressure vectors (not increment)
AIC e symmetric AIC matrix
antisymmetric AIC matrix
asymmetric AIC matrix
SPLINE e rigid load spline
slope spline

aeroelastic load increment spline

RIGDSLOD e  user defined rigid structural load (e.g. thrust
load, distributed actuator load, ..)

FLEXLOAD e  trim parameter flexible load and deflection
increment vectors

For ASTROS discipline purposes, these groups are collected into a master group called a
MODEL. For instance, ASTROS runtime FTRIM discipline subcases have associated with it a unique
MODEL group which specifies the set of entities associated with the MODEL. However, members of a
particular MODEL may also be members of other MODELS (i.e., the same STDYGEOM group may be
used by more than one group). Two formalized MODEL groups have been established as depicted in
Figure 3-1. A unique SAMODEL will be established for each SAERO subcase while a unique
SAEMODEL will be established for each FTRIM subcase.

The steady aerodynamic model (SAMODEL) includes attributes traditionally thought of as
aerodynamic with the exception of the RIGDSLOD group. The STDYGEOM, RIGDALOD, and
RIGDSLOD groups will be discussed in the following paragraphs. The AIC group contains information on
the aerodynamic influence coefficient matrices. A model may contain symmetric, antisymmetric and
asymmetric AIC matrices, and it may contain matrices for multiple Mach numbers. Therefore in use, a
model may appear in multiple boundary conditions and subcases once it is either imported or created at
runtime. :

The STDYGEOM group (illustrated in Figure 3-2) consists of the traditional ASTROS relations that define
aerodynamic models. The addresses of these relations are stored in this group. By grouping the data, a
single model geometry may be used with any RIGDALOD group to integrate rigid pressure data from
many sources and at many Mach numbers. Future ASTROS enhancements could include using this
geometry for both steady and unsteady aerodynamic analysis. Current restrictions however require
separate definitions for steady versus unsteady discretizations.
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Steady Aeroelastic Model
SAEMODEL . - =
o Group 1: STDYGEOM ;:

Steady Aerodynamic Model

SAMODEL -
Group 1: STDYGEOM |8
Group 2: RIGDALOD |8

Group 2: RIGDALOD |

Group 3: RIGDSLOD [

Group 4: AIC

Group 3: RIGDSLOD |8
Group 4: AIC

B Group 5: SPLINE

Group 6: FLEXLOAD [

Figure 3-1 Steady Aerodynamic and Steady Aeroelastic Model Groups

Steady Aerodynamic Model Geometry
STDYGEOM

Relation 1: AECOMPS ll Aerodynamic Component Definition
Relation 2: GEOMSA l Aerodynamic Panel Geometry ID
Relation 3: AEROGEOM |l Aerodynamic Panel Corner Points

Relation 4: CAROGEOM Aerodynamic Panel Connectivity

Figure 3-2 STDYGEOM - Model Geometry & Connectivity

The new SAERO and FTRIM solution control commands enable the user to execute aerodynamic
and aeroelastic analyses that can take advantage of this formalized set of data groups (refer to Table 3-1).
Aerodynamic and aeroelastic models are either assembled or modified prior to these basic
aerodynamic/aeroelastic discipline level commands. Models can be comprised of entirely run-time data,
archived data, or some combination thereof. For instance, a trim analysis scenario might include
development of aerodynamic geometry and AIC matrices using the available ASTROS aerodynamic
method, QUADPAN, and inclusion of archived CFD derived rigid pressure vectors and perhaps even wind
tunnel derived pressure vectors. Figure 3-3 illustrates the final pressure vector that would be created for
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aeroelastic analysis. In this case, the user specifies 1) execution of the SAERO discipline to generate
STDYGEOM, RIGDALOD, and AIC output groups from the QUADPAN input packet, 2) assembly of the
modified aerodynamic model from run-time QUADPAN groups (STDYGEOM and AIC) and archived
CFD group (RIGDALOD) and Wind Tunnel group (RIGDALOD), and 3) execution of subsequent
aeroelastic disciplines.

\\

Figure 3-3 Overlay Base Aerodynamics, CFD,Wind Tunnel As Best Aerodynamics Using Type
RIGDALOD

The RIGDALOD group is depicted in Figure 3-4. This group contains the table of contents of
relations and matrices associated with actual full rigid aerodynamic pressure data. As such, this data is not
restricted to linear theory (See Ref. 4). An important distinction in the AANDE paradigm from the original
ASTROS paradigm is the database storage and usage of rigid aerodynamic pressure data. In the original
ASTROS paradigm, pressure data was created and stored as increment (or unit) data for each control
parameter (e.g. a, P, 3,). In the AANDE paradigm, rigid aerodynamic pressure data is stored as whole or
actual data (e.g. pressure at o = 12.5 degrees, pressure at P = 200 deg./sec, ..). A basis pressure vector is
defined in each RIGDALOD group. The vector defines the pressure state at a specified set of angles and
rates. This new paradigm allows the ASTROS user generality in defining pressure states from various
sources. Ensuing logic in the model manipulation creates the necessary incremental pressure vectors
ASTROS needs to perform linear aeroelastic analysis. This paradigm also allows for future growth in
ASTROS including nonlinear iterative maneuver trim analysis.

The ASTROS user may modify individual data groups such as in Table 3-1 by creating
combinations from two or more existing run-time and/or archived data groups. Extending the analysis
scenario of the previous paragraph, the analyst may also have an aerodynamic influence coefficient matrix
created from a high order computation fluid dynamics basis. The AIC group from the CFD basis may be
assembled with the new RIGDALOD group and the original STDYGEOM group. The only requirement
Jor group manipulations such as described is that the geometry of the combined groups must be
compliant.
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Rigid Aerodynamic Parameter Load Vectors

RIGDALOD =~ e.g.
Matrix 1: AIRFRC001 ll Aerodynamic Basis Vector
Matrix 2: AIRFRC002 MM Load At Actual Alpha
Matrix 3: AIRFRC003 Bl Load At Actual Beta
, o : °
. [ ]

[l Matrix XXX: AIRFRCXXX Bl Load At Actual Angle Surface X
| Relation 1: REFPARAM | | Basis Reference Parameters

Figure 3-4 RIGDALOD - Rigid Aerodynamic Loads

The last group mentioned in the steady acrodynamic model is a new feature developed under the AANDE
program. The RIGDSLOD group contains the addresses and table of contents of user defined loads (Ref.
4). These loads are created from ASTROS’ STATICs load parameters such as FORCE, MOMENT,
GRAYV, and TEMP. The loads are created in the structural domain, and they can be used to add augment
the aerodynamic simulation. For instance, force increments from a wind tunnel model may be used to
simulate aerodynamic store loads. Another example of this capability is the development of force
actuation simulations typifying adaptive materials in smart structures. As shown in Figure 3-5, a new
ASTROS Bulk data entry has been created called SLPARM. In like manner to the RIGDALOD group, the
load vectors in RIGDSLOD are stored as actual loads referenced to a load parameter magnitude.

A steady aeroelastic model (SAEMODEL) is created by the user through model assembly
commands or automatically from specification of steady aerodynamic model in an FTRIM discipline. Note
that the steady aerodynamic model is a subset of the steady aeroelastic model. The two groups, SPLINE
and FLEXLOAD are added to the aerodynamic model in the creation of the aeroelastic model. The
SPLINE group is created during the processing of splines defined in the traditional fashion of ASTROS’
bulk data entries. A SPLINE group is a permanent ASTROS entity. That is, once it is created, it is never
purged from the ASTROS database and may be reused. The FLEXLOAD group, however, is recreated
within each aeroelastic solution.

Presented in Figure 3-6 is a case where three databases are manipulated to assemble the aerodynamic
model desired for a symmetrical flexible maneuver trim simulation. From the commands in this solution
sequence, addresses of physical data are made known to the functional modules in ASTROS so that the
physical data of a complete aerodynamic model may be assembled on the runtime database.
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Rigid Structural Parameter Load Vectors

RIGDSLOD ST e g
Relation 1: BGPDT Basic Grid Point Data

Load At Actual Defl. SLPARM 1

Matr|x1 SLPFRCOO1
Matrix 2: SLPFRCOOZ

Matrix 3: SLPFRC003
Matrix XXX SLPFRCXXX

Load At Actual Defl. SLPARM 2

Load At Actual Defl. SLPARM 3

Load At Actual Defl. SLPARM XXX

(SLPARM : User-Defined Structural Load Parameter)

Figure 3-5 RIGDSLOD - Rigid Structural Loads

Generate Steady
Aerodynamic Data &
Static Load Parameter

Static Aeroelastic Solution Control

SOLUTION
ANALYZE
BOUNDARY

SAERO (METHOD=QUADPAN, MODEL=RGDSLD)
Import Altel-rnate IMPORT SAMODEL STEADY FROM F85SYM AS STEADY)
Aerodynamic Data IMPORT RIGDALOD RIGDALODO FROM F16WT AS RIGDALODO)
IMPORT RIGDALOD RIGDALODO FROM FS5SYM AS RIGDALOD1)
OVERLAY RIGDALOD RIGDALODO
Overlay Steady RIGDALOD RIGDALOD1
. AS RIGDALODO USING TYPE=RIGDALOD
Aerodynamic Data ASSEMBLE SAMODEL FROM STDYGEOM STEADY,
RIGDALD RIGDALODO,
AIC STEADY,
Assemble Sfeady RIGDSLOD RGDSLD AS WTBASE
Aerodynamic Model FTRIM (TRIM=1008, MODEL=WTBASE)

ND

Trim Solution

Figure 3-6 Assembly And Trim Solutions of Aeroelastic Equations

The SAERO command allows the generation of a user defined load from the static load parameter
capability. The data is stored in the ASTROS runtime database in the MODEL name RGDSLD. A steady
aerodynamic MODEL named STEADY is imported from the database FOSSYM. From that model, the
RIGDALOD group - table of contents for rigid acrodynamic pressure data which is named RIGDALODO
is imported and named RIGDALOD]1. The physical aerodynamic data still lies out on the F95SYM
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database, but its address and table of contents are placed on the runtime database in RIGDALODI. A third
database RIGDALOD is also imported from F16WT and named RIGDALODO. Similarly, the address and
table of contents of the physical aerodynamic data associated with the model in FI6WT is stored on the

ASTROS runtime database.

The OVERLAY command is used in this case to acquire data from the FI6WT database. This
data is wind tunnel pressures, and by virtue of the ordering of the RIGDALOD groups and the intersection
of certain aerodynamic parameters in both RIGDALOD groups (e.g. o), certain addresses in the table of
contents of RIGDALODO will be replaced with addresses from RIGDALODI. Also, by virtue of a union,
the new RIGDALODO group will contain items from both original groups.

Once these data are known to the runtime database, an aerodynamic model may be assembled. In
this case, the geometry (identified by the group STDYGEOM) comes from the MODEL STEADY. The
physical data is stored on the F95SYM database, and via the import of STEADY, the functional modules
now have the address of all the geometry. Similarly, the AIC group is designated from STEADY. The
new aerodynamic model is named WTBASE.

The FTRIM discipline identifies the aerodynamic model for use, and an AEROELASTIC MODEL is
formed with this name. In the database, the AEROELASTIC MODEL name will be WTBASESAE. The
AEROELASTIC MODEL will look for a SPLINE group named WTBASE since no group is identified in
the FTRIM callout. However, a SPLINE group could be identified if the user chose to.

The new solution control commands are defined in the following pages.
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Solution Control Command: ARCHIVE

Description: Requests that aerodynamic group data be archived to an eBase database.

Format and Example:

ARCHIVE group_type group_name TO logical_db AS new_group name

ARCHIVE SAMODEL STEADYSAE TO FSWARC AS ALTAERO

Option Meaning

group_type The GROUP type ( e.g. SAMODEL, STDYGEOM, AIC, etc.) to be
archived.

group_name Name of GROUP that will be archived.

logical_db The logical name of an eBase database that has been ASSIGNed during
the current job. _

new_group_name A new group name that will be created for the archived data.

Remarks:

1. The ARCHIVE command physically copies all the entities in the group onto the specified
database.
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Solution Control Command: ASSEMBLE

Description: Creates an aerodynamic mode! from the GROUP entity.

Format and Example:

ASSEMBLE model_type FROM <group_type_ name_list> AS model name
<group_type_name_list> = group_type group_name, ...

ASSEMBLE SAMODEL FROM STDYGEOM STDYGEOM00O, RIGDALOD RIGDALODOO1,
"AIC AIC003 AS ALTAERO

ASSEMBLE SAMODEL FROM STDYGEOM STEADY1l, RIGDALOD STEADY1,
AIC STEADY2 AS ALTAERO

Option Meaning

groﬁp_type The GROUP type ( e.g. SAMODEL, STDYGEOM, AIC, etc.) to
‘ be assembled from.

group_name Name of GROUP that will be assembled from.

model name A new model name that will be assembled.

model type The type of the new model that will be assembled.

Remarks:

1. The ASSEMBLE command will only create the table of contents for the new group. All of the
entities in the groups will remain on their original databases, i.e. no data are copied.

2. The Group Names specified in the ASSEMBLE command may be the names of the group
entities that will be assembled, or the names of group entities which themseives contain the
groups to be assembled.
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Solution Control Command: FTRIM

Description: Creates an aerodynamic model from the GROUP entity.

Format and Example:

FTRIM sym ( TRIM = a, TRIMOPT = b, MODEL = name, DCON=c)

FTRIM

Option ' Meaning

sym The symmetry option from SYMMETRIC, ANTISYMMETRIC or
ASYMMETRIC.

a TRIM condition identification number.

b TRIM optimization identification number..

name The name of the aerodynamic model..

c Identification number for design constraints.

Remarks:

1. The aerodynamic model to be used by the FTRIM discipline may be the result of a previous
SAERO discipline, or it may be assembled from various sources, including databases (not
including the run-time database), results of other SAERO or FTRIM dnscnphnes or through the
aerodynamic model assembly Solution Control commands
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Solution Control Command: IMPORT

Description:  To import an aerodynamic GROUP from an existing eBase database.

Format and Example:

IMPORT group_type group_name FROM logical_db AS
new_group_name

IMPORT SAMODEL STEADY FROM FSWARC AS ALTAERO

Option ’ Meaning

group_type The GROUP type ( e.g. SAMODEL, STDYGEOM, AIC, etc.) to
be imported..

group_name ' Name of GROUP that will be imported.

logical_db The logical name of an eBase database that has been

ASSIGNed during the current job.
new_group_name A new group name that will be used for the imported data.

Remarks:

1. The IMPORT command will only create the table of contents for the new group. All of the
entities in the groups will remain on their original databases, i.e. no data are copied.
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Solution Control Command: OVERLAY

Description: Creates a new aerodynamic model by overlaying two or more GROUPs.

Format and Example:

OVERLAY <group_type_list> AS <new_group_name> USING TYPE
group_type

<group_type_name_list> = group_ type group_name,...
OVERLAY RIGDALOD ALTER1, RIGDALOD ALTER2, RIGDALOD ALTER3 A3

ALTNEW .
USING TYPE RIGDALOD

Option Meaning

group_type list  Specifies the types and names of one or more groups, separated by
commas, that will be overiayed. The overiay is performed in the order
listed. This means that the common data from the last group_name will

be the data used.

new_group_name Name of thew new GROUP created by the overiay.

group_type The GROUP type ( e.9. SAMODEL, STDYGEOM, AIC, etc.) of the data
to be overlayed.

Remarks:

1. The OVERLAY command will only create the table of contents for the new group. All of the
entities in the groups will remain on their original databases, i.e. no data are copied.
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Solution Control Command: SAERO

Description: Invokes the generation of aerodynamic matrices.
Hierarchy Level: Discipline

Format and Examples:

SAERO sym ( METHOD = meth, MACH = mach, MODEL = name,
AIC = option )

SAERO !

Option Meaning

sym The symmetry option from SYMMETRIC, ANTISYMMETRIC Or
ASYMMETRIC.

meth The method for aerodynamic matrix generation from USSAERO or
QUADPAN.

mach Mach number at which matrices will be generated.

name The name of aerodynamic model.

Option NONE for no AIC computation
BOTH for computation of both symmetric and antisymmetric AIC
ANTI for antisymmetric AIC
SYMM for symmetric AIC
ASYM for asymmetric AIC

Remarks:

1. SAERO will generate the specified aerodynamic model to be used by downstream steady
aerodynamic disciplines, or to be archived on the specified database

2. The default for USSAERO is to create both the symmetric and antisymmetric AIC matrix

3. QUADPAN will check the flow computation requests and may override the AIC request in
select cases. If combined symmetric and antisymmetric boundary condition flow request are
made, and an antisymmetric or symmetric AIC is requested, the AIC request will be
overridden, and an asymmetric AIC matrix will be computed.
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4. THE INPUT DATA STREAM

The following modification to Section 3.1 of the version 20 CRDA release of the ASTROS User's
Guide has been made. The underlined passages indicate new text. The figure numbers called out in this
section must be found in the version 20 ASTROS' User's Guide. The underlined changes apply to the Air
Force version 12.0 as was as the CRDA version 20.

The ASTROS user directs the system through an input data stream composed of a Resource Section,
which allocates ASTROS databases and specifies memory utilization, which is followed by multiple Data
Packets. Each packet contains a set of related data providing the information needed to execute ASTROS.
The packets begin with a keyword indicating the nature of the data within the packet and terminate with an
ending keyword or with the start of the next data packet. All the packets in the input data stream are optional,
and, with only two exceptions, they may appear in any order in the input data stream. The purpose of this
section is to document the structure of the input data stream. Detailed documentation of the data within each
data packet in then presented in separate chapters.

Figure 3-1 shows the general form of the input data stream, and Figure 3-2 illustrates the actual input
stream features with a sample stream for a ten bar truss model. The first non-blank record of the input file
must be either the ASSIGN command or a Resource Section. If an ASSIGN command is used, then this
command will enable you to attach the run-time database(s) that are used during the execution of the
ASTROS system. These runtime databases may include several aerodynamic models targeted for
OVERLAY and ASSEMBLE commands in the SOLUTION packet. There are five optional data packets
following the ASSIGN command. The first is the DEBUG packet, which contains debug commands to
control or select specific actions within the executive and database management systems. The remaining
four packets may appear in any order in the input stream. The second packet is the MAPOL packet
containing the executive system control directives consisting of either a standalone MAPOL program or
EDIT commands to modify the standard MAPOL program. If the MAPOL packet is absent, the unmodified
standard MAPOL sequence directs the execution. The Solution Control commands appear in the third
optional packet denoted by the keyword SOLUTION. These commands select the engineering data to be
used in each subcase from the set of data provided in the Bulk Data packet. The fourth packet is the
FUNCTION packet. It contains the definition of functions which allow the user to define new design
constraints or an objective function. These functions may combine nodal and element response quantities for
various boundary conditions and disciplines. The fifth data packet is the BULK DATA packet. The BULK
DATA packet contains the engineering data describing the finite element structural model, the aerodynamic
model(s), and the design model, as well as all the data needed to perform the specific analysis and/or
optimization tasks. The MAPOL, SOLUTION, and BULK DATA packets are analogous to the NASTRAN
executive control, case control, and bulk data decks, respectively. The final packet, called the QUADPAN
packet, contains specific data used by the QUADPAN module. This packet must start with BEGIN
QUADPAN, and end with END QUADPAN. The QUADPAN packet can be input in any order with or
without the BULK DATA packet.
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5. THE BULK DATA PACKET

This section includes changes made to the Bulk Data packet.

The following pages describe the new and modified Bulk Data entries. These are summarized in the

following table:

ATTACH Completely changed to support new features
BMST, BMST2 New entries

DCONBMST New entry.

DCONSCF Extended to support new capability
PANLSTI, 2 New entries.

RELES New entry.

RMASS New entry.

SCHEDULE New entry.

SLPARM New entry.

SPLINEL, 2,3 Completely changed to support new features.
TCONBMST New entry.

TCONFUNC New entry.

TCONTRM New entry.

TFUNC New entry.

TODVPRM New entry.

TOMPPARM New entry. ,

TRIM Extended to support new capability
TRIMOPT New entry.

TRIMR New entry.
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Input Data Entry: ATTACH Aerodynamic Panel Attachment

Description:

Defines the aerodynamic control points to be attached to a reference grid for load

transfer and aeroelastic feedback.

Format and Example(s): v

1 2 3 4 5 6 7 8 9 10
ATTACH EID MODEL | SETK | RGRID |FEEDBK
ATTACH 100 |QDPAN1 111 1
Field Contents
EID Element identification number (Integer > 0)
MODEL Name of steady aerodynamic input packet (text or blank)
SETK Refers to a PANLSTI entry which lists the aerodynamic boxes whose
motions are interpolated using this spline (Integer > 0)
RGRID ~ Grid point identification of reference grid point (Integer > 0)
FEEDBK Aeroelastic feedback selection. One of the strings RIGID, FLEX or blank
(Default = FLEX) .
Remarks:

1. The ATTACH EID must be unique with respect to all other SPLINEi and ATTACH bulk data
entries, it is used only for error messages.

2. This entry applies to both the steady and unsteady aerodynamic models.
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Input Data Entry: BMST Load Components Definition
Description: Defines load components (BMST) for the FTRIM discipline.

Format and Example(s):

1 2 3 4 5 6 7 8 9 10
BMST BMSTLAB|{ CID GID | GLSTID | PLSTID

BMST WROOT A4 100 101 102
Field Contents
BMSTLAB Label of component load (Text)
Cib Reference coordinate system identification number (Integer >0 or
blank) A
GID Reference grid point identification number (Integer > 0)
GLSTID Grid list set identification (Integer > 0)
PLSTID Aerodynamic panel list set identification (Integer > 0)
Remarks:

1. The component load will be integrated with respect to the reference coordinate system at the
reference grid point location. If a reference coordinate system is not specified, the basic
coordinate system will be used.

2. The grid list set identification references a GRIDLIST entry and defines the structural grid
points to be integrated to produce the rigid-splined and flexible component load. This listis
applicable to the flexible trim, FTRIM, discipline only.

3. The panel list set identification references a PANLST1 or PANLST2 entry and defines the
aerodynamic panels to be integrated to produce the rigid component load.
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Input Data Entry: BMST2

Description:

Format and Example(s):

Load Components Definition

Defines load components (BMST) for the RTRIM discipline.

1. The panel list set identification references a PANLST1 or PANLST2 entry and defines the
aerodynamic panels to be integrated to produce the rigid component load.

The three points (X1, Y1, Z1), (X2, Y2, Z2) , and (X3, Y3, Z3) must be non-collinear.

3. The component loads will be integrated at the reference location specified by (XREF, YREF,
ZREF) with respect to the reference coordinate system defined by (X1, Y1, Z1), (X2, Y2, 22)
, and (X3, Y3, Z3).

4. The reference coordinates must be defined in the same coordinate system as the
aerodynamic model.

THIS FEATURE IS NOT IMPLEMENTED.
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1 2 3 5 7 9 10
IBMST BMSTLAB| PLSTID X1 Y1 Z1 X2 Y2 Z2 ICONT
lCONT X3 Y3 Z3 XREF | YREF | ZREF
BMST WROOT 101 0. 0. 0. 100. RFABC
H+ABC 100. 0. 100. 300.
Field Contents
BMSTLAB Label of component load (Text)
PLSTID Aerodynamic panel list set identification (Integer > 0)
(X1,Y1,21) Coordinates of the origin of the coordinate system in which the
component load will be defined.
(X2, Y2, Z22) Coordinates on the z-axis of the coordinate system in which the
component load will be defined.
(X3, Y3, Z3) Coordinates of a point in the x-z plane of the coordinate system in which
the component load will be defined.
(XREF, YREF, Coordinates of the reference point at which the component load is
defined.
ZREF)
Remarks:




Input Data Entry: DCONBMST Structural Optimization Component Load (BMST)

Constraint

Description:

Defines a component load constraint to be used in a design optimization.

Limit

BMST(i) < BMST() Vrer B o BMST() = BMST(i) Lover Bownd

Format and Example(s):

1 2 3 4 5 6 7 8 9 10

[DCONBMST SETID |BMSTLAB| CMPNT | CTYPE |BMSTLIM
DCONBMST| 101 WROOT 4 UPPER | 1.0+7

Fieid Contents

SETID Set identification number (Integer > 0)

BMSTLAB Label of a component load (Text)

CMPNT Component number of the component load (Integer: + 1, 2, 3, 4, 5 or 6)

CTYPE Constraint type; either UPPER, for upper bound, or LOWER for lower

. bound. (Text, Default = UPPER)
BMSTLIM Bound for the component load (Real) (Consistent units)
Remarks:

1. BMST constraints are selected in Solution Control with the discipline option : DCON=SETID .
2. The BMSTLAB must be defined by a BMST entry.

3. In the case of a structural optimization using a BMST constraint and an asymmetric trim with
a half model, a negative BMST component number, CMPNT, refers to the image (left) side of
the model. ' '

4. A LOWER bound constraint excludes all values to the left of BMSTLIM on a real number line,
while an UPPER bound excludes all values to the right, irrespective of the sign of BMSTLIM.

THIS FEATURE IS NOT IMPLEMENTED.
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Input Data Entry: DCONSCF  Stabiiity Derivative Constraint

Description: Defines a constraint on the flexible stability derivative at the reference grid point

associated with the force or moment due to a trim parameter or control surface
deflection of the form:

[GCF:I < oCr S[aCF:l
OBurim lower O irim OB irim upper

Format and Example(s):

1

2 3 4 5 6 7 8 9 10

DCONSCF| SETID | ACCLAB | PRMLAB | CTYPE | PRMREQ| UNITS |FSCFLAG

DCONSCF| 1001 PACCEL | AILERON| LOWER 1.0 RADIANS 0

Field Contents

SETID Set identification number referenced by the DCONSTRAINT Solution

Control option of the FTRIM or FLEXSTAB command. (Integer > 0)

ACCLAB Alphanumeric string identifying the aerodynamic force or moment by

naming the corresponding structural acceleration in a manner consistent
with the TRIM entry. See Remarks 2 and 4.

PRMLAB ~ Alphanumeric string identifying a constrained control surface or
aeroelastic trim parameter (e.g. ALPHA or PRATE). See Remarks 3 and
4,

CTYPE Constraint type; either UPPER, for upper bound, or LOWER for lower
bound. (Character, Default = UPPER)

PRMREQ Bound for the stability coefficient. For units, see Remarks 5 an 6. (Real)

UNITS Units for the stability coefficient. Either RADIANS or DEGREES. See

Remark 6. (Real, Default = DEGREES)

FSCFLAG Flag signifying flexible stability coefficient definition. Either 0 for

unrestrained definition (includes inertia relief) or 1 for restrained definition
(does not include inertia relief). (Integer, Default = 0)

Remarks:

1.

2.

The DCONSCF entry is selected in Solution Control with the DCONSTRAINT=SETID option
of the FTRIM or FLEXSTAB command.

The ACCLAB may refer to any of the TRIM Bulk Data entry trim parameters that are
structural accelerations. Valid trim parameters are NX, NY, NZ, PACCEL, QACCEL, and
RACCEL. -

The PRMLAB may refer to AESURF or CONLINK control surfaces or to any of the TRIM
entry parameters except the structural accelerations. Valid selections are: PRATE, QRATE,
RRATE, ALPHA, BETA, THKCAM and any control surface label. Invalid trim parameters
are: NX, NY, NZ, PACCEL, QACCEL and RACCEL.

Any combination of forces or moments and trim parameters/control surfaces may be used on
this entry provided they have the same symmetry as the associated TRIM entry.
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Furthermore, to apply the constraint to the flexible derivative, the degree of freedom
corresponding to the force or moment must be supported in the boundary condition. For
example, to constrain the pitching moment, QACCEL, due to angle of attack, ALPHA, the y-
rotation of the support point must be on the SUPPORT entry for the boundary condition in
which the TRIM is analyzed.

The stability derivatives are nondimensional quantities derived from the flexible forces and
moments due to “unit” parameters. The constraint is applied to the nondimensional derivative
at the user-defined reference point. To assist the defining PRMREQ, the following

normalizations are used in ASTROS:

CONTROL - . -
SURFACES stability coefficient = F/ (QDP*S)
FORCES RATES stability coefficient = F*2*V0 / (QDP*S*C)
SYMMETRIC “unit” rate = unit dimensional rate * C/2*V0
DERVIATIVES CONTROL . L -
SURFACES stability coefficient = M/ (QDP*S*C)
MOMENTS RATES stability coefficient = M*4*V0/ (QDP*S*C**2)
“unit” rate = unit dimensional rate * C/2*V0
CONTROL - P "
SURFACES stability coefficient = F/ (QDP*S)
FORCES RATES stability coefficient = F*2*V0/ (QDP*S*B)
ANTISYMMETRIC “unit” rate = unit dimensional rate * B/2*V0
DERVIATIVES CONTROL s . -
SURFACES stability coefficient = M/ (QDP*S*B)
MOMENTS RATES stability coefficient = M*4*V0/ (QDP*S*B**2)

“unit” rate = dimensional rate * B/2*V0

F and M are the dimensional flexible forces and moments for the full vehicle; S, C, and B are
the non-dimensional factors from the AEROS Bulk Data entry (the inputs are assumed to be
for the full vehicle); and QDP and VO are defined on the TRIM Buik Data entry.

RADIANS or DEGREES refer to the units of the unit control surface deflection or unit rate.
RADIANS imply the value due to a unit RAD or RAD/S while DEGREES imply the value due
to a unit DEG or DEG/S. THKCAM has no valid angular unit, hence the UNITS field is

ignored. :

A LOWER bound constraint excludes all values to the left of PRMREQ on a real number line,
while an UPPER bound excludes all values to the right, irrespective of the sign of PRMREQ.
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Input Data Entry: PANLST1 Aerodynamic Panel Set Definition.

Description: Defines a set of aerodynamic panels by identifying opposite corner panels.

Format and Example(s):

1 2 3 4 5 6 7 8 9

10

EANLST1 SETID |MACROID| BOX1 | BOX2

PANLST1 101 111 1M 121
Field Contents
SETID Set identification number (Integer > 0)
MACROID ' Identification number of aerodynamic macroelement (Integer > 0)
BOX1, BOX2 The identification number of the first and last boxes on the aerodynamic

macroelement (Integer > 0)

Remarks:

1. The set of aerodynamic boxes (k-set) will be defined by the aero-cells. The sketch shows
how BOX1 and BOX2 define the set of aerodynamic boxes.
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input Data Entry: PANLST2

Aerodynamic Panel Set Definition.

Description: Defines a set of aerodynamic panels by a list.
Format and Example(s):

1 2 3 5 9 10
PANLST2| SETID {MACROID| BOX1 BOX2 BOX3 BOX4 BOX5 BOX6 [CONT
ICONT BOX7 BOX8 -etc-

PANLST2{ 101 51 51 52 53 54 55 56 CONT
ICONT 57 58 59

Alternate Form:
PANLST2| SETID |MACROID| BOX1 THRU BOX2

Field Contents

SETID Set identification number (Integer > 0)

MACROID Identification number of aerodynamic macroelement (Integer > 0)

BOXi The identification number of the aerodynamic box associated with

macroelement MACROID (Integer > 0)
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Input Data Entry: RELES

Description: Defines sets of component degrees of freedom at substructure GRID points
which are not to be connected during a substructure reflection operation.

Format and Example(s):

1 2 3 4 5 6 7 8 9 10
IRELES SID | SNAME | GID1 DOF1 GID2 DOF2 GID3 DOF3 | -CONT-
-CONT- GID4 DOF4

RELES 61 WINGR 110 45 119 124 137 456
Field Contents
SID Connection set identification number. [1] (Integer > 0)
SNAME Basic Substructure name. (Name)
GIDi GRID or SCALAR point identification number. (integer > 0)
DOFi List of degrees of freedom to be released. (integer > 0)
Remarks:

1. The release connectivity set must be selected in the solution control packet with the
command: RELES = SID

The RELES data will override connections automatically generated.
3. The SNAME is only used as label.
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Input Data Entry: RMASS

Description: Defines the rigid mass for the rigid trim discipline, RTRIM.

Format and Example(s):

Rigid Mass Definition

1 2 3 4 5 10

RMASS RMID M I11 121 122 131 132 133
RMASS 1001 497 |. 162 16.2 7.8

Field Contents

RMID Rigid mass identification number (Integer > 0)

M . Mass vaiue (Real) ‘

Tij Mass moments of inertia measured at the mass center-of-gravity in the

coordinate system defined by the aerodynamic model (Real)
Remarks: .

1. The form of the inertia matrix about its center-of-gravity is taken as:

M

where:
M= I p dv

= Jo 6+
L= [p (42 )dv
I = IP (x2 +)’2)d"

IZ,=Ipxydv
Isl=_[pxzdv
132=Ipyzdv

and x, y, z are components of distance from the center-of-gravity in the coordinate system
defined by the aerodynamic model. The negative signs for the off-diagonal terms are

supplied by the program.

SYM

122
'132 133
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THIS FEATURE IS NOT IMPLEMENTED.
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Input Data Entry: SCHEDULE

Description:

Control Surface Schedule Definition

parameter values.

Format and Exampie(s):

Defines a schedule of control surface position values as a function of other trim

1 2 3 4 5 9 10
SCHEDULE| TRIMID [SURFLAB| CTOL |MAXITER| SVID CONT
CONT PRMLAB1} PVID1 |PRMLAB2| PVID2 -etc-

SCHEDULE| 101 LEF 103 +ABC
+ABC ALPHA 105 QDP 107
Field Contents
TRIMID Trim set identification number (integer > 0)
SURFLAB Label of the control surface to be scheduled. (Text)
CTOL Convergence tolerance for the change in schedule value between
iterations
(Real) (Default=0.1)
MAXITER glloa)ximum number of schedule iterations allowed (Integer > 0) (Default =
SVID Identification number of an AEFACT entry which contains the schedule
values. (Integer > 0)
PRMLABI Label of a trim parameter which the scheduie is a function of. (Text)
PVIDi Identification of an AEFACT entry which contains the parameter values
at which the schedule values are defined. (Integer > 0)
Remarks:

1. The TRIMID and SURFLAB are referenced to the TRIMID and LABELI fields, respectively,

on a TRIM entry.

2. The SURFLAB must appear on the TRIM card with the character string SCHD in the VAL

field.

3. The SURFLAB may be any valid trim parameter.

If the change in schedule value between iterations is less than or equal to CTOL, the
schedule will be considered converged.

5. The first PRMLABI specified in the SCHEDULE entry will vary the fastest in the SVID
AEFACT entry, the second will vary the second fastest, and so on.

6. The PRMLABI may be any trim parameter which can be specified on the TRIM entry, as well
as MACH and QDP. ‘
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Example:

A leading edge fiap control sui'face, LEF, is to be scheduled as a function of ALPHA and QDP as

follows:
QDP =500 psf | QDP = 1000 psf | QDP = 1500 psf
ALPHA = 0° 25° 10°
ALPHA = 10° 20° 5°
ALPHA = 20° 15° 0°
The bulk data entries defining this schedule would appear as :
ISCHEDULE 101 LEF 103 +ABC
+ABC ALPHA 105 QDP 107
AEFACT 103 40. 35. 30. 25. 20. 15. 10. | SCH1
+CH1 5. 0.
AEFACT 105 0. 10. 20.
AEFACT 107 500. 1000. | 1500.
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input Data Entry: SPLINE1 Two Dimensional Surface Spline

Description:

Defines a two dimensional surface spline for interpolating out-of-plane motion for
aeroelastic problems.

Format and Example(s):

1 2 3 4 5 6 7 8 9 10
ISPLINE1 EID MODEL CcP SETK | SETG DZ
SPLINE1 3 QDPAN1 21 101
Field Contents
EID Element identification number (Integer > 0)
MODEL Name of steady aerodynamic input packet (text or blank)
cP Coordinate system defining the spline plane (Integer > 0, or blank)
SETK Refers to a PANLSTI entry which lists the aerodynamic boxes whose
motions are interpolated using this spline (Integer > 0)
SETG Refers to a SETi entry which lists the structural grid points to which the
spline is attached (Integer > 0)
Dz Linear attachment flexibility (Real > 0.0)
Remarks:

1. The SPLINE1 EID must be unique with respect to all other SPLINEi and ATTACH bulk data
entries, it is used only for error messages.

2. Ifno CP is specified, the spline plane is assumed to be the CAERO macro element mean
plane.

3. Only the component of aerodynamic box force perpendicular to the spline plane is splined to
the structural model.

4. Aerodynamic panel slope is computed using structural displacements perpendicular to the
spline plane rotation axis. The spline plane rotation axis is equal to the cross product of the
spline plane normal and the direction of free stream velocity.

5. The attachment flexibility (units of area) is used for smoothing the interpolation. If DZ = 0.0,
the spline will pass through all deflected grid points. If DZ >> (area of spline), a least squares
plane fit will occur. Intermediate values will provide smoothing.
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Input Data Entry: SPLINE2 Linear Spline

Description: ' Defines a beam spline for interpolating panels and bodies for aeroelastic
analyses.

Format and Example(s):

1 2 3 4 5 6 7 8 9 10
SPLINE2 | EID MODEL | SETK | SETG Dz DTOR CiD DTHX ICONT

ICONT DTHY

SPLINE2 | 1000 22 102 0. 1.0 4 -1.

Field Contents

EID Element identification number (Integer > 0)

MODEL Name of steady aerodynamic input packet (text or blank)

SETK Refers to a PANLSTI entry which lists the aerodynamic boxes whose
motions are interpolated using this spline (Integer > 0)

SETG Refers to a SETi entry which lists the structural grid points to which the
spline is attached (Integer > 0)

Dz Linear attachment flexibility (Real = 0.0)

DTOR Torsional flexibility, -g]- (Real > 0.0; use 1.0 for bodies)

) ,

CID Rectangular coordinate system which defines the y-axis of the spline
(Integer > 0 or blank; not used for bodies)

DTHX, DTHY Rotational attachment fiexibility. DTHX is for rotation about the x-axis;

not used for bodies. DTHY is for rotation about the y-axis; used for slope
of bodies. (Real) »

Remarks:

1. For panels, the spline axis is the projection of the y-axis of coordihate system CID, projected
onto the plane of the panel. For bodies, the spline axis is parallel to the x-axis of the
aerodynamic coordinate system.

2. The flexibilities are used for smoothing. Zero attachment fiexibilities will imply rigid
attachment, i.e., no smoothing. Negative values of DTHX and/or DTHY will imply no
attachment.

3. The SPLINE2 EID must be unique with respect to all other SPLINEi and ATTACH bulk data
entries, it is used only for error messages.
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input Data Entry: SPLINE3 Three Dimensional Surface Spline

Description: Defines a three dimensional surface spline for interpolating out-of-plane motion

for aeroelastic problems.

Format and Example(s):

1 2 3 4 5 6 7 8 9

10

SPLINE3 | EID MODEL cpP SETK | SETG DZ

SPLINE3 3 QDPAN1 21 101
Field Contents
EID Element identification number (Integer > 0)
MODEL Name of steady aerodynamic input packet (text or blank)
CcP Coordinate system defining the spline plane (integer > 0, or blank)

SETK Refers to a PANLSTi entry which lists the aerodynamic boxes whose

motions are interpolated using this spline (Integer > 0)

SETG Refers to a SETi entry which lists the structural grid points to which the

-DZ

spline is attached (Integer > 0)
Linear attachment flexibility (Real > 0.0)

Remarks:

1.

The SPLINE3 EID must be unique with respect to all other SPLINEi and ATTACH bulk data
entries, it is used only for error messages.

If no CP is specified, the spline plane is assumed to be the CAERO macro element mean
plane.

The spline plane (either defauit of user defined) is automatically corrected such that it
includes the free stream velocity vector. First, the corrected spline plane rotation axis is
computed from the cross product of the defined normal and the free stream velocity

({ig-) = (fin) x (Ryg) ). Second, the corrected spline plane normal is computed from the cross
product of the free stream velocity and the corrected spline plane rotation axis

((fin+) = (ivo) x (Big-) )-

Each xyz-component of aerodynamic box force is splined to the structural model.

Each aerodynamic panel slope is computed using structural displacements perpendicular to
the local panel! rotation axis.

The attachment flexibility (units of area) is used for smoothing the interpolation. if DZ = 0.0,
the spline will pass through all deflected grid points. If DZ >> (area of spline), a least squares
plane fit will occur. Intermediate values will provide smoothing.
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Input Data Entry: TCONBMST Trim Optimization Component Load (BMST) Constraint

Description: Defines a component load constraint to be used in a trim optimization.

BMST() < BMSTG) %7 *™ or  BMST() = BMST() fome ®*™

Limis Limit

Format and Example(s):

1 ' 2 3 4 5 6 7 8 9 10
TCONBMST| SETID |BMSTLAB| CMPNT | CTYPE |BMSTLIM

TCONBMST| 101 WROOT 4 UPPER{ 1.0+7

Field Contents

SETID Set identification number (integer > 0)

BMSTLAB Label of a component (Text)

CMPNT Component number of the component load (+/- Integer; 1, 2, 3, 4, 5, or 6)

CTYPE " Constraint type; either UPPER, for upper bound, or LOWER for lower
bound. .
(Text, Default = UPPER) .

BMSTLIM Bound for the component load. (Real) (Consistent units)

Remarks:

1. The SETID is selected by the TCONID field of the TRIMOPT entry.
2. The BMSTLAB must be defined by a BMST entry.

3. Inthe case of an asymmetric trim optimization iricluding a BMST constraint with a half model,
a negative BMST component number, CMPNT, refers to the image (left) side of the model.

4. A LOWER bound constraint excludes all values to the left of BMSTLIM on a real number line,
while an UPPER bound excludes all values to the right, irrespective of the sign of BMSTLIM.
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1. The TCONFUNC set identification is selected by the TCONID fieid in the TRIMOPT entry.
2. The TFID is referenced to a TFUNC Bulk Data entry.

3. A LOWER bound constraint excludes all values to the left of FUNCLIM on a real number line,
while an UPPER bound excludes all values to the right, irmespective of the sign of FUNCLIM.
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Input Data Entry: TCONFUNC Trim Optimization Functional Design Constraint
Description: Define one or more functional constraints to be used in a trim optimization.
F()< F@E)ZEr® or  Fu)2 F() Bound
Format and Example(s):
1 2 3 4 5 6 7 8 9 10
TCONFUNC| SETID | TFID .| CTYPE [FUNCLIM
TCONFUNC| 101 103 | UPPER | 1.0+5
Field _ Contents
SETID Set identification number selected by the TCONID field in the TRIMOPT
entry
(Integer > Q)
TFID Trim optimization function identification which references a TFUNC entry
(Integer > 0)
CTYPE Constraint type; either UPPER, for upper bound, or LOWER, for lower
bound
(Text, Defauit = UPPER)
FUNCLIM Bound for the function value (Real)
Remarks:




Input Data Entry: TCONTRM  Trim Optimization Constraint Definition for a Trim Parameter

Description: Defines a trim parameter constraint to be used in the trim optimization.
81'11'm < 8%’;5’1,13'::", or 8 Trim 2 8;"::2!57"
Format and Example(s):
1 2 3 4 5 6 7 8 9 10
TCONTRM|{ SETID |PRMLAB] CTYPE | PRMLIM
TCONTRM| 100 |[AILERON| UPPER | 30.0
Field Contents
SETID Set identification number referenced by the TCONID in the TRIMOPT
bulk data entry. (Integer > 0)
PRMLAB Alphanumeric string identifying a constrained trim parameter (Text)
(See Remark 2.)
CTYPE Constraint type; either UPPER, for upper bound, or LOWER for lower
bound.
(Text, Default = UPPER)
PRMLIM Bound for the trim parameter. For units, see Remark 3. (Real)
Remarks:

1. The TCONTRM SETID is selected by the TCONID option in the TRIMOPT bulk data entry.

2. The PRMLAB may refer to AESURF or CONLINK control surfaces or to any of the TRIM
entry parameters, NX, NY, NZ, PACCEL, QACCEL, RACCEL, PRATE, QRATE, RRATE,
ALPHA, or BETA. The only requirement is that the constrained trim parameter must be
declared as a trim optimization design variable using the TODVPRM entry. The user will be
wamed if trim parameters not declared as trim optimization design variables are constrained
(since these parameters are fixed, they are design invariant).

3. The units for control surface deflections are degrees. For rates, the units should be
radians/sec. For linear accelerations NX, NY, NZ, the units should be consistent,
(length/sec/sec) or, if a CONVERT, MASS entry was used, should be dimensionless.
Angular accelerations should be in radians/sec/sec.

4. A LOWER bound constraint excludes all values to the left of PRMLIM on a real number line,
while an UPPER bound excludes all values to the right, irrespective of the sign of PRMLIM.




Input Data Entry: TFUNC Trim Optimization Function Definition

Description: Define a weighted sum function to be used in a trim optimization.

Format and Example(s):

1 2 3 4 5 6 7 8 9

TFUNC

TFID | FTYPE1 |FNAME1| FID1 |WFACT1 ICONT

ICONT

FTYPE2 | FNAME2| FID2 |WFACT2| -etc-

TFUNC

101 PARM NZ 1.0 H+ABC

+ABC

PARM | PRATE 1.0

Field Contents

TFID ‘ Trim optimization function identification number (Integer > 0)
FTYPEI Function argument type selected from the following : PARM, BMST, or

DRAG (Text)

FNAMEI Function argument name (Text)
FIDi Function argument identification number (Integer)
WFACTI Weighting factor for this function argument (Real) (Default = 1.0)

Remarks:

1.

The TFID field is referenced to the TFID field in a TCONFUNC entry or the OBJID field in a
TRIMOPT entry.

The function argument name, FNAMEi, field is referenced to a text labe! for the PARM and
BMST function argument types.

The function argument identification number, FIDi, field is referenced to an identification

number for the DRAG function argument type or a component number for the BMST function
argument type. In the case of an asymmetric trim optimization of a BMST with a half model, a

negative BMST component number, FIDi, refers to the image (left) side of the model.
The use of the FNAMEIi and FIDi fields vary with the FTYPEI. This usage is shown in the
table below.

FTYPEi | FNAMEi | FIDi
PARM I PRMLAB

BMST BMSTLAB component #
DRAG DRAGID

The value of each function argument will be multiplied by the value in the weighting factor,
WFACTI, field.

The function value will be the weighted sum of the function argument values.
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Input Data Entry: TODVPRM  Trim Optimization Design Variable Definition for Trim Parameters

Description:

Defines a design variable for the trim optimization problem when the variable is a
trim parameter.

Format and Example(s):

1 2 3 4 5 6 7 8 ) 10

TODVPRM| SID DVID |{PRMLAB| DVMIN | DVMAX | DVINIT
TODVPRM 101 1001 NZ -3.0 9.0 0.0

Field Contents

SID ~ Set identification number (Integer > 0)

DVID | Design variable identification number (integer > 0)

PRMLAB Trim parameter label (Text)

DVMIN Minimum allowable value of the design variable (Real) (Default = -1000.)

DVMAX Maximum allowable value of the design variable (Real) (Default = 1000.)

DVINIT Initial value of the design variable (Real, DVMIN < DVINIT < DVMAX)

’ (Default = 0.0) or the character string, TRIM
Remarks:

1. DVID must be unique within the set identification.

2. The character string TRIM in the DVINIT field indicates that the initial value of the design
variable is to be determined by a TRIM solution where PRMLAB must appear as a trim
variable. ’ .
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Input Data Entry: TOMPPARM

Parameters

Trim Optimization Mathematical Programming

Description: Identify values of user defined optimizer parameters that override the default
values for use in the trim optimization.

Format and Example(s):

1 2 3 4 5 6 7 8 9 10
TOMPPARM TRIMID | PARAM | VALUE | PARAM | VALUE | PARAM | VALUE CONT
CONT PARAM | VALUE | -efc-

TOMPPARMI 101 | CTMIN

0.0005 | ITMAX 30

Field Contents

TRIMID Trim identification number (Integer > 0)

PARAM Name of parameter to be overridden (Text)

VALUE Integer or real value to be used for the parameter (integer or real)
Remarks:

1. Any number of PARAM - VALUE combinations can be specified on a TOMPPARM entry.
2. See pu-DOT software manual for a definition of parameters, but the most useful are shown

below:

REAL
PARAMETER

DEFINITION

DEFAULT

CT

Constraint tolerance. A constraint is active
if its numerical value is more positive than
CT.

-0.003

CTMIN

Minimum constraint tolerance for nonlinear
constraints. If a constraint is more positive

than CTMIN, it is considered to be violated.

-0.003

DABOBJ

Maximum absolute change in the objective
between two consecutive iterations to
indicate convergence in optimization.

max(0.001 {Fy| , 0.0001)

DELOBJ

Maximum relative change in the objective
between two consecutive iterations to
indicate convergence in optimization.

0.001

DOBJ1

Relative change in the objective function
attempted on the first optimization iteration.
Used to estimate initial move in the one-
directional search. Updated as the
optimization progresses.

0.1

DOBJ2

Absolute change in the objective function

attempted on the first optimization iteration.

Used to estimate initial move in the one-
directional search. Updated as the

0.2 max(X,)
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| optimization progresses.




REAL

PARAMETER DEFINITION DEFAULT
DX1 Maximum relative change in a design 0.01
variable attempted on the first optimization
iteration. Used to estimate initial move in
the one-dimensional search. Updated as
the optimization progresses.
DX2 Maximum absolute change in a design 0.02
variable attempted on the first optimization
| iteration. Used to estimate initial move in
the one-dimensional search. Updated as
the optimization progresses.
INTEGER
PARAMETER DEFINITION DEFAULT
ISCAL Scaling parameter. By default, scaling is NDV
done every NDV iterations, otherwise
scaling is performed every ISCAL
iterations. (-1 turns off scaling)
ITMAX Maximum number of iterations allowed at 40
the optimizer level. '
ITRMOP The number of consecutive iterations for 2

which the absolute or relative convergence
criteria must be met to indicate
convergence at the optimizer level.
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Input Data Entry: TRIM

Description:

Format and Example(s):

Trim Variable Specification

Specifies conditions for steady aeroelastic trim

1 2 3 4 5 6 8 10
TRIM SETID | MACH QDP |TRMTYP| EFFID Vo CONT
CONT LABEL1 | VAL1 | LABEL2| VAL2 |LABEL3| VAL3 | LABEL4| VAL4 -etc-
TRIM 1001 0.90 1200. PITCH 100 926.3 +ABC
H+ABC NZ 8.0 QRATE | 0.243 ELEV FREE | ALPHA | FREE
Field Contents
SETID Trim set identification number (Integer > 0)
MACH Mach number (Real = 0.0)
QDP Dynamic pressure (Real > 0.0)
TRMTYP Type of trim required (Text or blank) (See Remark 3)
 blank SUPORT controlled trim
ROLL Antisymmetric roll trim (1 DOF)
LIFT Symmetric trim of lift forces (1 DOF)
PITCH Symmetric trim of lift and pitching moment (2
DOF)
EFFID Identification number of CONEFFS Bulk Data entries which modify
control surface effectiveness values (Integer > 0 or blank) (Remark 2)
VO True velocity (Real > 0.0 or blank) (See Remark 14)
LABELi Label defining aerodynamic trim parameters
VAL Magnitude of the specified trim parameter (Real), the character string
FREE , or the character string SCHD
Remarks:
1. The TRIM entry is selected in Solution Control in the FTRIM or NPSAERO disciplines with

the TRIM option.

All aesrodynamic forces created by the control surface will be reduced to the referenced
amount. For example, an EFF1 of 0.70 indicated a 30% reduction in the forces.

The TRMTYP filed has the following interpretation:

LIFT Implies that the vertical acceleration will be trimmed by one FREE symmetric
control

parameter of surface — OR — the acceleration computed for some set of
symmetric
parameters/surfaces.

ROLL implies that the roll acceleration, PACCEL, will be trimmed by one FREE
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antisymmetric

control parameter of surface — OR — the acceleration computed for some set
of

antisymmetric parameters/surfaces. Any number of antisymmetric parameters
may be

fixed, but the FREE parameters are limited to PACCEL — OR — any one
antisymmetric

parameter or surface. For example, PACCEL=0.0; AILERON=1.0;
PRATE=FREE

PITCH implies that the vertical acceleration, NZ, and the pitch acceleration, QACCEL,
will be
trimmed by no more than two FREE symmetric control parameters or surfaces

—OR—
the accelerations computed for some set of symmetric parameters/surfaces. Any
number _
of symmetric surfaces may be fixed, but the FREE parameters are limited to
QACCEL

and NZ — OR — up to two symmetric parameters or surfaces — OR — some
combination. For example, NZ=8.0g’s; QACCEL=0.0; ALPHA=FREE;
ELEV=FREE

blank Implies that the support DOFs are equal to the number of free parameters.

Appropriate
trim equations are assembied and solved.

Units for QDP are force per unit area.

Units for VO are length per second.

Allowable options for LABELI for symmetric trim (the symmetry option is selected in Solution
Control) are:

Structural Accelerations

NX Longitudinal load factor (acceleration) (Remark 12)
NZ Vertical load factor (acceleration) (Remark 12)
QACCEL Pitch acceleration (Remark 13)

Aerodynamic Parameters

ALPHA Angle of attack in degrees

QRATE Pitch rate (Remark 14)

THKCAM Thickness and camber (Remark 15)
and Control surface position in degrees

Allowable options for LABEL. for antisymmetric trim (the symmetry option is selected in
Solution Control) are:

Structural Accelerations

NY Lateral load factor (acceleration) (Remark 12)
PACCEL Roll acceleration (Remark 13)
RACCEL Yaw acceleration (Remark 13)
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10.

1.

12.

13.

14.

15.

16.

17.

Aerodynamic Parameters

BETA Side-slip angle in degrees
PRATE - Roll rate (Remark 14)
RRATE Yaw rate (Remark 14)
and Antisymmetric control surfaces in degrees

Allowable options for LABEL.I for asymmetric trim (the symmetry option is selected in
Solution Control) are any of the options listed above for symmetric and antisymmetric trim. It
is up to the user to specify a solvable trim problem.

If VALi is a real number,.the associated aerodynamic parameter of structural acceleration is
set to that value. If VALi is the character string FREE, then the associated parameter will be
determined as part of the trim analysis. If VALI contains the character string SCHD, then a
SCHEDULE entry with the same TRIMID and SURFLAB = LABELI will be used to determine
the value of the associated parameter.

The number of FREE values of VALi must correspond exactly to the number of unknowns in
the trim analysis. If TRMTYP is blank, the number of SUPORT DOFs.

if TRIMID is referenced by an NPSAERO discipline, TRMTYP must be blank and FREE is not
allowed for VAL..

For NX, NY, and NZ, units are length per second per second in consistent units unless a
CONVERT/MASS Bulk Data entry is provided. In this case, the values are dimensionless.

The angular accelerations, PACCEL, QACCEL, and RACCEL, are entered in units of radians
per second per second.

PRATE, QRATE, and RRATE are entered in units of radians per second. The true velocity,
V0, must be input if any of the “rate” parameters are given since its value is needed to
dimensionalize the forces computed for a unit rate per velocity in the aerodynamic preface.

The THKCAM label refers to thickness and camber effects and its corresponding value is
usually set to 1.0. Non-unit values of the THKCAM parameter are available only to provide
added generality.

Any control surfaces, trim parameters, or structural accelerations not specified on the TRIM
entry will not participate in the analysis; they will be given fixed values of 0.0. This includes
THKCAM.

Refer to the STATIC AEROELASTIC TRIM Application Note for more information.
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input Data Entry: TRIMOPT  Trim Optimization Definition

Description: Defines

Format and Example(s):

1 2

the trim optimization problem.

3 4 5 6 7 8 9 10

TRIMOPT| TRIMID | OPTFLG | OBJTYP |OBJNAM| OBJID | TCONID | TDVSID CONT

CONT  |[MAXITER| MOVLIM [CNVGLIM|  PRINT

TRIMOPT 3 MIN BMST | WROOT 4 101 103 +ABC
+ABC 5 2.0 1.0 1

Field Contents

TRIMID Trim set identification number (Integer > 0) of the associated TRIM or

OPTFLG
OBJTYP

OBJNAM
oBJID

TCONID
TDVSID
MAXITER

MOVLIM

CNVGLIM

PRINT

Remarks:

RTRIM entry.
Optimization flag (Text) selected from the following:
MIN MAX

‘Objective function type (Text) selected from the following:

FUNC PARM BMST DRAG
Objective function name (Text or blank)

Objective function identification number or BMST load component
number
(+/- Integer or blank) (See Remark 5.)

Trim optimization constraint set identification (Integer > 0)
Trim optimization design variable set identification (integer > 0)
Maximum number of optimization iterations to be performed
(integer > 0) (Default = 5)

The move limit applied to trim optimization design variables. The trim
variable after each iteration will lie between t / MOVLIM and t * MOVLIM
where t is the initial value. (Real > 0.0) (Default =2.0) (NOT
IMPLEMENTED)

Convergence limit specifying the maximum allowable imbalance in a
supported degree of freedom that can be considered converged.
(Real > 0.0, consistent units) (Default = 1.0)

Trim Optimization u-DOT print flag (Integer 0 -7) (Default = 0)
(See Remark 8.) ‘

1. The trim optimization identification number, TOPTID, is referenced in the FTRIM or RTRIM
entry in solution control packet.
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in the OPTFLG field, MIN signifies that the objective function will be minimized and MAX
signifies that the objective function will be maximized.

In the OBJTYP field, FUNC indicates that the objective function is a function defined by a
TFUNC entry, PARM indicates that the objective function is a trim parameter, BMST indicates
that the objective function is a component load defined by a BMST entry, and DRAG
indicates that the objective function is the drag defined in a DRAG entry.

The objective function name, OBJNAM, field is referenced to a text label for the PARM and
BMST objective function types. If OBJTYP=PARM, OBJNAM may be any trim parameter
label which can be specified on a TRIM entry for the given symmetry. If OBJTYP=BMST,
OBJNAM must be defined by a BMST entry.

The objective function identification number, OBJID, field is referenced to an identification
number for the FUNC and DRAG objective function types or a BMST load component number
for the BMST objective function type. In the case of an asymmetric trim optimization of a
BMST with a haif model, a negative BMST component number, OBJID, refers to the image
(left) side of the model. -

The use of the OBJNAM and OBJID fields vary with the OBJTYP. This usage is shown in
the table below.

OBJTYP | OBJNAM | OBJID
FUNC TFID
PARM PRMLAB
BMST BMSTLAB component #
DRAG ’ DRAGID

The trim optimization constraint set identification, TCONID, is referenced to a TCONTRM,
TCONFUNC, TCONBMST, or TCONDRAG bulk data entry.

The trim optimization design variable set identification, TDVID, is referenced to a TODVPRM
butk data entry.

The MAXITER, MOVLIM, and CNVGLIM values aré applicable to the trim optimization
process external to u-DOT. p-DOT default parameters may be changed via the TOMPPARM
bulk data entry.

The Trim Optimization p-DOT print flag may take the following values:
PRINT =0 No output
PRINT =1 Initial information and resuits
PRINT =2 Same as above plus function values at each iteration
PRINT =3 Same as above plus internal parameters
PRINT =4 Same as above plus search directions
PRINT =5 Same as above plus gradients
PRINT =6 Same as above plus scaling information
PRINT =7 Same as above plus 1-D search information
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Input Data Entry: TRIMR

Rigid Trim Variable Specification

Description:  Specifies conditions for rigid trim.
Format and Example(s):
1 2 3 4 5 6 8 10
TRIMR SETID | MACH QDP |TRMTYP| EFFID VO CONT
ONT XREF | YREF ZREF | MASSID [CMPNTS CONT
ICONT LABEL1| VAL1 |LABEL2| VAL2 | LABEL3| VAL3 |LABEL4| VAL4 -efc-
TRIMR 1001 0.90 1200. PITCH 100 926.3 ﬂ-ABC
HABC 300. 0. 0. 1001 +DEF
+DEF NZ 8.0 QRATE | 0.243 ELEV FREE | ALPHA | FREE
Field Contents
SETID Trim set identification number (Integer > 0)
MACH Mach number (Real > 0.0)
QDP Dynamic pressure (Real > 0.0)
TRMTYP Type of trim required (Text or blank) (See Remark 3)
blank CMPNTS controlled trim
ROLL Antisymmetric roll trim (1 DOF)
LIFT Symmetric trim of lift forces (1 DOF)
PITCH Symmetric trim of lift and pitching moment (2
DOF)
EFFID Identification number of CONEFFS Bulk Data entries which modify
control surface effectiveness values (integer > 0 or blank) (Remark 2)
VO True velocity (Real > 0.0 or blank) (See Remark 16)
XREF Reference x-axis location for sum of moments (Real)
YREF Reference y-axis location for sum of moments (Real)
ZREF Reference z-axis location for sum of moments (Real)
MASSID Identification number of RMASS Bulk Data entry specifying the inertia
data to be used for trim (Integer > 0)
CMPNTS Component number(s) to be used for trim (blank or any unique
combination of the digits 1 through 6)
LABELIi Label defining aerodynamic trim parameters
VALi Magnitude of the specified trim parameter (Real), the character string
FREE, or the character string SCHD
Remarks:

1. The TRIMR entry is selected in Solution Control in the RTRIM discipline with the TRIM option.
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2. All aerodynamic forces created by the control surface will be reduced to the referenced
amount. For example, an EFF1 of 0.70 indicated a 30% reduction in the forces.

3. The TRMTYP filed has the following interpretation:

LIFT implies that the vertical acceleration will be trimmed by one FREE symmetric
control .

parameter of surface — OR — the acceleration computed for some set of
symmetric

parameters/surfaces.

ROLL Implies that the roll acceleration, PACCEL, will be trimmed by one FREE
antisymmetric ) S

control parameter of surface — OR — the acceleration computed for some set
of v

antisymmetric parameters/surfaces. Any number of antisymmetric parameters

" may be

fixed, but the FREE parameters are limited to PACCEL. — OR — any one
antisymmetric

parameter or surface. For example, PACCEL=0.0; AILERON=1.0;
PRATE=FREE :

PITCH Implies that the vertical acceleration, NZ, and the pitch acceleration, QACCEL,
will be
trimmed by no more than two FREE symmetric control parameters or surfaces

—OR— _

the accelerations computed for some set of symmetric parameters/surfaces. Any
number

of symmetric surfaces may be fixed, but the FREE parameters are limited to
QACCEL

and NZ — OR — up to two symmetric parameters or surfaces — OR — some
combination. For example, NZ=8.0g’s; QACCEL=0.0; ALPHA=FREE;
ELEV=FREE

blank Implies that the specified DOFs are equal to the number of free parameters.
Appropriate
trim equations are assembled and solved.

Units for QDP are force per unit area.
5. Units for VO are length per second.

6. XREF, YREF, and ZREF define the reference location about which the moments will be
summed to trim the aircraft. These values must reference the same coordinate system that
the aerodynamic model was defined in. This is also the location where the specified RMASS
inertia is assumed to be concentrated. In other words, these values define the center-of-
gravity of the aircratt.

7. The MASSID should specify a RMASS Bulk Data entry that defines the inertia of the full
aircraft to be trimmed.

8. The CMPNTS field specifies the DOFs in which the aircraft will be trimmed, i.e. zero net load:;
Itis up to the user to specify a reasonable combination of DOFs and free trim parameters that
will define a solvable trim problem. The CMPNTS field is required if the TYMTYP field is
blank. Any entry in the CMPNTS field will be ignored if a TRMTYP is specified.
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10.

1.

12

13.

14.

15.

16.

17.

Allowable options for LABEL.i for symmetric trim (the symmetry option is selected in Solution
Control) are:

Structural Accelerations

NX Longitudinal load factor (acceleration) (Remark 14)
NZ Vertical load factor (acceleration) (Remark 14)
QACCEL Pitch acceleration (Remark 18)

Aerodynamic Parameters

ALPHA Angle of attack in degrees

QRATE Pitch rate (Remark 16)

THKCAM Thickness and camber (Remark 17)
and Control surface position in degrees

Allowable options for LABELI for antisymmetric trim (the symmetry option is selected in
Solution Control) are:

Structural Accelerations

NY Lateral load factor (acceleration) (Remark 14)

PACCEL Roll acceleration (Remark 15)
RACCEL Yaw acceleration (Remark 15)

Aerodynamic Parameters

BETA Side-slip angie in degrees
PRATE Roll rate (Remark 16)
RRATE Yaw rate (Remark 16)
and Antisymmetric control surfaces in degrees

Allowable options for LABEL. for asymmetric trim (the symmetry option is selected in
Solution Control) are any of the options listed above for symmetric and antisymmetric trim. |t
is up to the user to specify a solvable trim problem. ‘

If VALi is a real number, the associated aerodynamic parameter of structural acceleration is
set to that value. If VAL. is the character string FREE, then the associated parameter will be
determined by the trim analysis. If VALI contains the character string SCHD, then a
SCHEDULE entry with the same TRIMID and SURFLAB = LABELI will be used to determine
the value of the associated parameter.

The number of FREE values of VALi must correspond exactly to the number of unknowns in
the trim analysis. If TRMTYP is blank, the number of specified DOFs in the CMPNTS field.

For NX, NY, and NZ, units are length per second per second in consistent units uniess a
CONVERT/MASS Bulk Data entry is provided. In this case, the values are dimensionless.

The angular accelerations, PACCEL, QACCEL, and RACCEL, are entered in units of radians
per second per second.

PRATE, QRATE, and RRATE are entered in units of radians per second. The true velocity,
V0, must be input if any of the “rate” parameters are given since its value is needed to
dimensionalize the forces computed for a unit rate per velocity in the aerodynamic preface.

The THKCAM label refers to thickness and camber effects and its corresponding value is
usually set to 1.0. Non-unit values of the THKCAM parameter are available only to provide
added generality.
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18.

19.

Any control surfaces trim parameters, or structural accelerations not specified on the TRIM

entry will not participate in the analysis; they will be given fixed vaiues of 0.0. This includes
THKCAM.

Refer to the STATIC AEROELASTIC TRIM Application Note for more information.

THIS FEATURE IS NOT IMPLEMENTED.
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Input Data Entry: SLPARM User Defined Static Load Control Parameter

Description: Defines

linear load combination of Static Load components as a control

parameter for aircraft trim.

Format and Example(s):

1 2 3 4 5 6 7 8 9 10
SLPARM | PARAM1 | VAL1 |PARAM2{ VAL2 |[PARAM3| VAL3 SYM |PARMTYP| CONT
CONT SCALE LOAD CONT
ISLPARM | SURF1 1.5 ASYM | MECH +123
+123 1.0 101 -1.5 102

Field Contents

PARAM1 Label of user defined controller for first level trim parameter (Text)

VAL1 Value of first level trim parameter setting (Real)

PARAM2 Label of user defined controller for second level trim parameter (Text)

VAL2 Value of second level trim parameter setting (Real)

PARAM3 Label of user defined controller for third level trim parameter (Text)

VAL3 Value of third level trim parameter setting (Real)

SYM Trim parameter symmetry (SYM, ANTI, or ASYM) (Text)

PARMTYP Load type (MECH, GRAV, THRM) (Text)

SCALE Scale on load set LOAD (Real)

LOAD Load set ID of FORCE, MOMENT, FORCE1, MOMENT1, PLOAD,
GRAYV, TEMP, and TEMPD load type (Integer > 0)

Remarks:

1. The user defined control parameter load will be integrated as a linear combination of the

component loads.

2. Scalar combination of component loads are only valid on common load types (LODTYP).
3. The user defined control parameter load is assembled into the RIGDSLOD group in
preparation for the assembly of the AIRFORCE matrix during the boundary condition loop for

aeroelastic analysis.

4. The routine UDEFMRG combines the RIGDSLOD parameters into the AIRFORCE matrix
through direction from Model assembly commands. Also, a blank column is designated in the
AEROLOAD matrix for each SLPARM. Finally, the TRIMTOC relation is updated with the
SLPARM controller name and values.
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6. QUADPAN MODEL GEOMETRY

6.1 INTRODUCTION

This chapter describes the basic concepts required for modeling configurations with
QUADPAN. The geometric requirements, definitions, and conventions pertaining to configurations,
panels, and elements are discussed first. This introductory material ignores the many options
available for geometry generation. The initial sections deal only with the “developed” lattice, which
may be input directly or may be defined using the options available in the input package.

Finally, the capabilities available as input options to enhance the geometry definition process
are described, including transformations that may be applied to input data, alternate input coordinate
systems and panel respacing options. The actual contents of QUADPAN data sets are detailed in
Chapter 7.

6.2 OVERVIEW OF MODEL DEFINITION

QUADPAN calculates potential flow by representing the surface of the configuration with an
essentially continuous lattice of quadrilateral elements. The task of developing a geometric model
begins with a full surface definition of the configuration and consists of generating a lattice of
elements which represents this surface and meets the requirements imposed by the numerical
formulation (no gaps, no highly skewed or twisted elements, etc.). In principle, the user could
manually construct a grid on the surface and input the lattice corner points to the program. When
none of the input options are employed, the input to the program defaults to exactly this form. In
practice, this method of producing a geometric model is unnecessarily time consuming because the
number of elements in a typical model is large and describing the surface with the element lattice
directly is not very efficient.

The input options exist to partially automate the task of producing a lattice from the typical
engineering definitions of the surface of a configuration. The user inputs two kinds of information; a
representation of the true surface of the configuration, and instructions on how this surface is to be
subdivided to produce an acceptable lattice. Figure 6-1 shows the surface defined by the user and the
lattice which the program generates from the lattice spacing instructions. Only when the actual
element lattice is input directly is the second kind of input information not required.

The basic building block of the geometric model is the PANEL. Panels and the element
lattice which the program generates from them are illustrated in Figures 6-1 and 6-2. A panel is an
arbitrary curved surface with four, generally curved, edges. The geometric shape of the panel is
specified by the user with several curves called SECTIONS which are defined by points on the
configuration surface. The program develops each section by interpolating curves through the user-
specified points. The program then develops the surface of the configuration by interpolating between
the section curves. Aside from the points which define the end points of the panel edges, the user-
specified points need not be related to the location of the lattice points which will ultimately be
produced, as shown in Figure 6-1. Generally, the points used to define the panel are points which are
convenient in terms of the geometrical data at the user’s disposal. Each panel is then automatically
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subdivided into a lattice of quadrilateral elements whose corner points lie on the surface of the panel,
and whose number and distribution is specified by the user.

SECTIONS

PANELS

USER DEFINES CONFIGURATION WITH PANELS
WHICH ARE DEFINED WITH SECTIONS

WHICH ARE DEFINED BY POINTS

PROGRAM GENERATES LATTICE USING
USER DEFINED RESPACING INSTRUCTIONS

Figure 6-1 Generation of Mesh From User Defined Geometry
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Figure 6-2 Configuration, Panel and Element Hierarchy
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The problem of generating a lattice composed of many quadrilateral elements is simplified,
by using panels and respacing options, to the problem of specifying the shape of a few arbitrarily
curved panels, and specifying how each panel is to be divided into a lattice of elements. Furthermore,
the geometry definition points and lattice points need not be identical, so the user can define the
geometry at points where geometrical data is available, while establishing an element lattice which
meets the computational requirements.

6.3 QUADPAN LATTICE

The characteristics of QUADPAN which must be considered in the generation of a suitable
computational mesh are summarized in the following list. Additional details on each characteristic
can be found in the Ref. 4.

o The mesh must represent one or more closed bodies in which only one side is exposed to the flow.

o If the configuration is symmetric about the X-Z plane the mesh should be defined by the user for
only one side. ’

o It is desirable that the element mesh be continuous; that is, each element should touch only one
neighbor on each side. Under special circumstances this can be relaxed.

o Elements in the mesh should not be highly kinked or twisted.

o The best accuracy for a given number of elements (cost) is obtained when elements are
concentrated in areas of high curvature or any other area where large velocity gradients are
expected. '

o The user must define lattice elements which represent a vortex wake for each surface which
develops lift.

o The upper and lower surfaces which shed a wake must have similar element shape and size near
the shedding edge.

o The side edges of the wake mesh should be continuous with the mesh on the body (in fact it must
join the body at a panel boundary) for correct calculation of the pressure on the body.

6.4 REPRESENTATION OF SURFACES WITH PANELS OF ELEMENTS

The method used to define input geometries for QUADPAN preserves most of the flexibility
of element by element input and adds a number of useful options that can dramatically reduce the
amount of data required to describe the geometry. The configuration surface is represented with one
or more PANELS of elements, where each panel is subdivided into a “rectangular” lattice of elements.
Figure 6-2 graphically illustrates the relationship between configurations, panels and elements.
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6.4.1 Division of Configuration Into Panels

Simple shapes such as a straight tapered wing or a cylindrical fuselage forebody may be well
defined by one panel, while more complex shapes such as the finned body in Figure 6-3 may require a
-number of panels to represent its surface details adequately. QUADPAN places no specific geometric
restrictions on panels as far as being wing type panels or fuselage type panels, instead all panels are
treated uniformly as pieces of surface geometry whose particular boundary condition (body or wake)
is specified separately. This boundary condition is applied to all of the elements that make up the
panel, necessitating the division of the configuration into panels. A wing and its wake, for example,
must be separate panels due to the different boundary conditions required for each. The division of
the configuration surface into panels is done primarily as a means of organizing the input to and
output from the program.

6.4.2 Continuity Of Panel Mesh

Panels normally abut (touch) one another at their edges to form a continuous surface mesh.
This is possible when the user has specified the geometry in such a way that the elements on both
edges of an abutment are contiguous. It is not necessary that panels containing the elements be
contiguous to have contiguous elements. See Figure 6-4 for example of contiguous elements and
panels. The program uses an automatic Abutment Search procedure (8.4) to establish the panel
abutments and element neighbors. This procedure will find all contiguous abutments in the
configuration, relieving the user of the burden of specifying connecting panel edges and elements in
all but a few extreme cases.

A geometric model with the panels connected together at their edges to form a surface mesh
of contiguous elements will generally give the most accurate results. In part, this is due to the
representation of the edge curves of the panel with straight line segments. Gaps between such curved
edges may only be avoided when the edges have matching elements. Continuity of the surface mesh
- is not strictly necessary, and in some cases may not be desirable. Mesh continuity is necessary,
however, at the intersections of vortex wakes and bodies. Examplies are discussed in Ref. 4 on
Modeling Techniques which give additional insight into where contiguous and noncontiguous
elements should not be used.

6.5 PANEL AND LATTICE NOMENCLATURE

A configuration to be analyzed with QUADPAN is represented by one or more panels of
elements, as required to describe the surface shape and represent the various boundary conditions to
be used (body), wake, etc.). Each panel defined is logically distinct, i.e., its geometric definition is
independent of all other panels. This section will discuss the panel in its “developed” sense, as
defined by its lattice of grid points after geometry generation is finished.

6.5.1 Panel And Image Panel Identification

Every panel has a user-assigned panel identification number and a panel title associated with
it. This number and title are used to refer to that panel in the input or output. The image of that panel,
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Figure 6-4 Contiguous Panels and Elements




if it possesses an image, lies across the X-Z plane of symmetry and is referred to using the same title
and the negative of the identification number. This user defined ID number allows an input
specification referring to a given panel (to connect panel edges, for example) to remain independent of
the number and order of the input panel definitions.

6.5.2 Panel Structure

The program treats each panel as a rectangular lattice with four distinct sides (or edges)
regardless of the actual shape. The “rectangular” array of points, with a constant number of points in
each row and each column, defines a rectangular grid of quadrilateral elements that constitute the
panel. Although one panel edge or two non-adjoining edges may be of zero length, the degenerate
edge(s) are still defined in the same manner as any other edge.

6.5.3 Panel Lattice

The “rectangular” panel lattice is defined by a row and column array of corner points. This is
illustrated in Figure 6-5. Two or more columns of points, called SECTIONS (from cross section), are
required to define a lattice, with each section being a line on the panel surface defined by two or more
points (i.e., there must be at least two rows of points). The rows and columns of the lattice define two
indicial directions within the panel, the K direction corresponding to the columns, and the J direction
corresponding to the rows. '

In order that a proper lattice exists, three conditions must be met:
1. The sections must not cross one another.
2. The points defining each section must be entered in a consistent direction.

3. Every section within a “developed” panel lattice must consist of an equal number of points.

6.5.4 Panel Edges And Corner Points

The panel’s four edges are referred to as edge 1 through edge 4 and are determined by the
order in which the panel information is entered. Edge 1 is always the first section defined within a
panel, while edge 3 is always the last section. Edge 4 is the line formed by the first points of each
section, and edge 2 is the line formed by the last points of each section. Panel comer points are
defined such that corner points 1 and 2 lie at the ends of the first section, and corner points 4 and 3 lie
at the ends of the last section (see Figure 6-6).

The points that form the panel lattice are numbered sequentially in column order, from the
first point in the first column of the first panel defined, to the last point in the last column of the last
panel (see Figure 6-5). The user does not have to deal directly with lattice points, however, except in
the context of the corner points associated with elements.
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Figure 6-5 Panel Layout with Section and Point Numbering
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Figure 6-6 Panel and Element Edge Numbering
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6.5.5 Panel Element Array

The panel’s rectangular lattice of points form the corner points of a rectangular array of
quadrilateral ELEMENTS. Elements take the same side and corner point conventions as their parent
panel (see Figure 6-6). The two indicial directions, K and J, are local to the panel and serve to locate
an element within the regular row and column structure of the panel lattice. The order in which the
section points are input defines the K indicial direction, and the order in which the sections are entered
defines the J indicial direction. In this indicial notation edge 1 is the locus of J=1, edge 2 is the locus
of K=kmax, edge 3 is the locus of J=jmax, and edge 4 is the locus of K=1. In addition to the local K,J
indexing within the panel, QUADPAN numbers the elements sequentially from the first element in the
first panel entered, to the last element in the last panel. Sequential element numbering, like point
numbering, always proceeds in the K direction starting from J=1 (edge 1) to J=jmax (edge 3. See
Figure 6-7.

6.5.6 “Positive and Negative” Panel Surfaces

The panel’s “positive” surface is determined by the order of point and section input in the
same way as the panel’s edges and the K and J directions. The convention adopted in QUADPAN is
that the “positive” surface is given by the cross product of a vector in the “K direction” with a vector
in the “J direction.” This is illustrated in Figure 6-7. This may be alternatively stated as the direction
given by the right-hand rule as the edges of the panel are taken in cyclic numerical (12341234...)
order.

The exterior surface of a panel is the side of the panel that the program treats as wetted by the
flow. This will be the direction of the outward normal vectors from the elements. The program can
use either the panel “positive” or “negative” surface as the exterior, depending on the setting of the
WET flag. If the panel “positive” surface (as defined above) is to be the exterior surface, the WET
flag should be set to +1. If the panel “negative” surface is to be the exterior surface, the WET flag
should be set to -1. Note that the action of the WET flag is to reverse the direction of the outward
normal vector without reordering the input points. This is particularly handy in the event of a mistake
in the order of a panel definition. '

6.6 LIMITATIONS AND RULES ON PANELS

As discussed above, each panel is regarded by the program as topologically rectangular,
regardless of the actual geometrical details. The lattice of points, with a constant number of points in
each row and each column, defines a rectangular grid of quadrilateral elements that make up the
panel. The panel lattice defines four panel edges. The program places no major restrictions on what
orientations the panel” four edges may take, even in panel abutments.

The following rules and limitations apply to panels:

1. One edge or two nonadjoining edges may be reduced to zero length.
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2. Triangular elements are only permitted at panel edges. The number of elements in each row or
column within the lattice must be constant. In addition, triangular elements are restricted to occur
only at degenerate (zero length) panel edges. See Figure 6-8.

K x J DEFINES PANEL ““POSITIVE’” SURFACE

Figure 6-7 Panel Layout with Element Numbering
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Figure 6-8 Limitations on Panels
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3. The mesh of elements should be as orthogonal as possible. This does not mean that orthogonality
of the panel mesh is required, but highly distorted meshes should be redefined. In addition, the
edges of the panel should not include large “kink” angles that distort the element lattice structure.
An edge kink angle of 90 degrees or more should be avoided by subdividing the panel into
several panels. See Figure 6-8.

4. Panels must themselves be simply connected, that is, they may not contain any holes. The
elements within a panel are assumed to form an unbroken mesh.

5. Panels may only (only!!) abut (touch) one another at their edges.

Any number of panels may abut a panel edge, however, no more than four elements may abut
(touch) one another along a common element edge. See Figure 6-8.

6.7 OVERVIEW OF OPTIONS FOR GEOMETRY GENERATION

The discussion of panels thus far has dealt with the “developed” panel lattice, defined by
several sections (columns) of points, with each section consisting of the same number of points
(rows). The points defining this lattice may be input directly, or the user may take advantage of
several options that are available to simplify geometry generation or modification. These include:

1. Panel transformation - This allows the user to translate, rotate, and scale the entire array of
panel corner points. The panel may be described in its own coordinate system and then
transformed into the global system.

2. Options to define, repeat, or transform sections - These simplify the panel definition process
by allowing similar sections to be defined once in their own coordinate system and then
transformed in to the panel system.

3. Panel respacing - This option permits the element density or distribution on the panel to be
altered. This can be done on a panel basis, or individually for each section of points. This is a
very powerful capability that simplifies the geometry definition and modification process.

This capability is available through the use of optional KEYWORDS in the input data set. If
the keywords are not present in the input data set, they are simply defaulted out and nothing is scaled,
transformed, respaced, etc. See Chap. 7 for more information on keywords.

6.8 PANEL TRANSFORMATIONS

The user may specify a transformation to be applied to the panel so that it may be described
in its own coordinate system, the panel coordinate system (PCS). This transformation is defined by
three points whose location is given in both the panel coordinate system and the global coordinate
system to define the transformation (see Figure 6-9). Combined translation, isomorphic scaling and
rotation can be specified with these three points. This option is available through the use of the
keyword LOCATE (0).
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The locater points may be any three points which are not colinear, i.e., the three points form a
triangle. These points need not lie on the panel, or correspond to any of the lattice points. The action

G2
P1 P2 (X2. Y2, Z5)
(x1.v9. 21} (x2. y3. z9)

- G1
(X1.Yq.24)

(x3.v3. 23)

G3

X PANEL SYSTEM X GLOBAL SYSTEM

Figure 6-9 Action of Locater Points
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of the locater points is most easily understood if the triangle of locater points in panel coordinates is
similar to the triangle of locater points in global coordinates, but this is not a requirement. The panel
size is scaled (without changing its shape) by the distance between the first and second locater points
in the two coordinate systems. The panel is placed so that the first and second panel locater points
coincide with the first and second global locater points, and the panel triangle is coplanar with the
global triangle.

6.9 DEFINING PANELS WITH SECTIONS

As discussed previously in this chapter, each panel is defined by two or more SECTIONs
(columns) of points. These sections can often be treated as cross sections, such as on a wing, where
the sections could correspond to the airfoil coordinate definitions, or the cross sections defining a
fuselage.

In addition to the basic coordinates of the section points, the user may specify transformation
data to translate, scale, and rotate the input points. This permits the sections to be defined in their own
coordinate systems, the Section Coordinate System (SCS), and transformed into the panel system.
Respacing data may also be specified to alter the distribution of lattice points, both along the section
curves defined by the input points and the J direction between sections. The use of the transformation
or respacing capability is entirely optional and, if not used, the input points define a column of lattice
points in the K direction of the panel.

There are two coordinate systems available for defining sections - a rectangular system and a
cylindrical system. Both rectangular and cylindrical sections may be mixed within a panel definition.

6.9.1 Rectangular Sections

The most commonly used method of entering panel data is with rectangular sections. A
rectangular section is defined with input points specified in an orthogonal X, Y, Z coordinate system.
See 7.8 for further information on rectangular sections.

6.9.2 Cylindrical Sections

A section may be defined using cylindrical coordinates (polar angle, radius, and polar axis
coordinate). Either the X, Y, or axis may be used as the pair in the cylindrical section. Cylindrical
sections have special properties if respacing is specified, as will be discussed in 0. See 7.8 for further
information on cylindrical sections.

6.9.3 Repeated Sections

The previous section defined may be reused. This repeated section may be translated, scaled,
and rotated to change the coordinates of the points.
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6.9.4 Section Transformations

Each section definition consists of two parts, a geometric part made up of a list of points and
an optional “thread point,” specified by the THREAD keyword, and a transformation part in which
translation, scaling, and rotation may be applied to the section points. The thread point may be
thought of as a way to reorigin the section coordinates to the location of the thread point. The
transformations that may be applied to the section points are illustrated in Figure 6-10 and consist of:

Translation of the section, using the AT keyword, is done by moving the thread point to a
specified point in the panel coordinate system (PCS). ‘

Rotation of the section, using the TWIST keyword, is done about an axis that passes through
the thread point.

Scaling of the section, using the SCALE keyword, is done about the thread point.
No transformation is done to the section points if the transformation information is omitted or
defaulted. The thread point is treated as part of the section definition and is unchanged if the section

is repeated. The thread point may also be omitted, in which case it defaults to the origin (0.,0.,0.) of
the section coordinates.
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6.10 PANEL RESPACING

The panel respacing options are powerful tools for geometry generation. They allow the
number and distribution of the lattice lines (and elements) within a panel to be changed without
changing any of the points defining the panel in the input data set. This redistribution of the panel
lattice can be specified independently in either or both of the J and K panel directions.

The capability to respace a sparse set of input points to form a denser lattice can reduce the
amount of input data required to describe a configuration. Only the number of points required to
adequately describe the geometric shape need be input. The benefits of panel respacing are illustrated
in Figure 6-1, where the input points and sections have been respaced into a dense, regular lattice.
The example data sets in 7.11.2 and 7.11.3 also demonstrate the respacing capability. The first
example is a simple rectangular wing which is described only by a root and tip airfoil sections. The
intervening mesh is created by respacing between the sections. The second example is a fuselage type
configuration, described using cylindrical cross sections, and respaced to create the panel lattice.

6.10.1 Representation Of Curves With Cubic Splines

The basis of the panel respacing options is the representation of the shape of a space curve
defined by a set of input points. This is necessary because an additional (or different) set of points
must be found (respaced) that lie on that curve.

The method used in QUADPAN to represent space curves is a locally fitted cubic spline
which is parameterized by arc length along the curve. This method differs from the classical cubic
spline by using only a few points in the vicinity of the desired point to fit the curve, and virtually
eliminates the oscillatory behavior normally associated with cubic splines. The coordinates of the
input curve are parameterized by arc length to make the representation of space curves independent of
any specific axis.

Any number of points may be used to define the input curve, as required to characterize its
shape. The more points used to describe a complex shape, the more accurately it will be represented.
If only one point is used the spline simply degenerates to that point. If two points are used the spline
degenerates to a straight line passing through the points. If three or more points are used the spline
will produce a curved line passing through the points.

6.10.1.1 Break Points -

The splines used to represent space curves have the property that their derivatives are
continuous everywhere on the curve. In some situations a discontinuous curve may be required. This
can be done by designating a point (for respacing the K direction) or a section (for respacing in the J
direction) to be a slope break. Matching of slopes will not be done across a slope break. See Figure
6-11. Note that specifying a break does not force a lattice point to be located at the break - this can be
done with spacing intervals.

See 7.8 for more details on slope breaks (KBREAK or JBREAK) specified for the input
points, or for the input section.
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6.10.2 Respacing Along Spline Curve

After the input points have been represented with cubic splines, new points may be obtained
along that curve by interpolation. The respacing of points along the curve is controlled by the number
of elements (intervals between lattice points) and the distribution, or spacing, of elements that have
been specified to lie on the respaced curve. Since the curves are parameterized by arc length along
the curve, from the first to last point defined, the number of elements and spacing distribution are also
applied to the arc length along the curve in a direction from first to last point.

See 7.7 and 7.7 for rﬁore information on the number of elements (NJ or NK) that have been
specified to lie on the respaced curve.

6.10.2.1 Spacing Intervals -

The respacing of points along the curve is done within “spacing intervals.” A spacing
interval may be the entire curve between the first and last input points, as discussed above or may be
any subset of the input curve. The same basic respacing operations are done in either case. Figure 6-
12 illustrates a curve with two spacing intervals specified.

b

INPUT CURVE

!

SPACING INTERVAL SPACING INTERVAL

1
|
|
1

RESPACE TO
= 3 DIVISIONS
EQUAL SPACING

RESPACE TO
4 DIVISIONS —_—
COSINE SPACING

!
!
!
I
!

RESPACED CURVE

Figure 6-12 Use of Spacing Intervals and Respace Curve
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The advantage of the spacing interval is that the ends of the interval are guaranteed to be
lattice points. This allows a portion of a curve to be spaced in such a way that it matches a curve on
another panel, to guarantee contiguous elements at the panel edges. Spacing intervals can be defined
between input points in a section (K direction), or between sections (J direction). Each point (or
section) except the last may define the beginning of a spacing interval. Slope continuity of the curve
is maintained across spacing intervals so long as slope breaks are not used.

6.10.2.2 Spacing Distributions -

The distribution of intervals along the respaced curve is controlled by the desired spacing
distribution. Three basic types of spacing distributions are used, as illustrated in Figure 6-13 and listed
below: ‘

Equal spacing - The input curve is divided into equal arc length intervals.

Cosine spacing - The input curve is divided using a spacing distribution that concentrates
points at the ends of the input curve, as given by a cosine law.

Sine spacing - The input curve is divided using a spacing distribution that concentrates points
a one end of the input curve, as given by a sine law. Either end of the input curve may be
selected as the concentrated end.

In addition to the spacing distributions listed above, a “blended” spacing may be specified
that combines the basic spacing distributions using linear blending. This is illustrated in Figure 6-14
where a ten interval spacing has been generated for the possible spacing distributions (SPACE=-3.0 to
3.0). A blended spacing distribution is given a line parallel to the spacing distribution lines (i.e., 1.2
spacing is on a line 1/5 of the way from the SPACE=1.0 line to the SPACE=2.0 line).

See 7.7 and 7.8 for more information on the spacing distribution of elements (JSPACE or
KSPACE) that has been specified to lie on the respaced curve.

6.10.3 Panel Respacing Process

Panel respacing may be specified independently in either or both of the panel’s J and K directions.
The following sections detail the operations done on the panel lattice for each of these cases.
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6.10.3.1 Respacing in The K Direction -

The panel lattice respacing in the K direction is done section by section, corresponding to
columns in the panel lattice. The respacing information in the K direction may be specified for the
panel as a whole (all the sections) or specified individually for each section. -

The points defining each section are fitted with a spline curve that passes through the input
points. The number of elements (NK) and the element spacing distribution (KSPACE) are used to
interpolate new points on the spline curves. If input points in the section are designated as spacing
intervals, the sum of the number of elements specified (for all the spacing intervals) within each
section must be the same for all the sections in the panel.

Figure 6-15 illustrates these operations on a panel defined with three sections. The first
section is a curve defined with four points, the second section is a line defined by two points, and the
third section is a curve defined by six points. Note that a lattice could not be constructed from these
sections without respacing, owing to different numbers of points, within the sections. For this
example respacing is specified over the whole K extent of the panel with four elements (five points) in
a cosine type distribution. Once the respaced points have been generated the lattice is well defined,
with the required number and distribution of elements.

6.10.3.2 Respacing In The J Direction -

The panel lattice respacing in the J direction is done using spline curves connecting across the
sections, corresponding to the rows in the panel lattice. The respacing information in the J direction
may be specified only for the panel as a whole (across all the rows). This differs from panel respacing
in the K direction, where each section (column) may be individually respaced.

A spline curve is fitted across the points of equal K index from each section, i.e., all the first
points in the sections, all the second points in the sections, etc.. The number of elements (NJ) and the
element spacing distribution (JSPACE) are used to interpolate new points on the spline curves.

Figure 6-16 illustrates these operations on a panel defined with three sections. Note that each
section consists of the same number of points. This is a requirement for respacing in the J direction.
For this example respacing is specified over the whole J extent of the panel with four elements (five
points) in a cosine type distribution. Since the interior section was not designated a spacing interval,
there is no longer a straight line column of points in the panel.

6.10.3.3 Respacing in Both Directions -

If respacing in both directions is specified the operations used to respace the lattice are done
by respacing in the K direction first, followed by respacing in the J direction. The figures for the
previous two subsections, taken in sequence, illustrate this.

This method of respacing the panel lattice leads to a difference in the cépability to control the

panel lattice for the two respacing directions. Respacing information in the J direction can only be
specified for all the rows of points, not individually for each row. Panel respacing in the K direction,

125




° ° . °
o
°
°
[ J
°
°
[ [ ]
°
SECTION 1 SECTION 2 SECTION 3
INPUT POINTS FINISHED LATTICE
N 4 -«
y )
\- _~ \t o y
/ [} 1 d / m
y ! L / . A
| | \ . & $ \
* I / | i E/
| \ \ | \
\ | | e/ ? 5
/ . I
v e ¥ )
GENERATE CUBIC SPLINE USE RESPACING DATA (NK. K SPACE)

CURVES THROUGH SECTION POINTS (K DIRECTION) TO FIND NEW POINTS ON SECTION CURVES

Figure 6-15 Panel Respacing in the K Direction

126




on the other hand, can be individuaily specified for each column. This loss in capability is due to the input
of the panel lattice information in columns (sections) rather than rows.

6.10.4 Cylindrical Sections And Panel Respacing

As discussed above, a cylindrical coordinate system may be used as an altemnative to the
rectangular coordinate system for defining section points. These cylindrical sections posses special
properties if respacing is specified in the K (section) direction.

When respacing is specified for a cylindrical section, the points defining the section are first
interpolated in the cylindrical coordinate space by arc length to generate an enriched cylindrical
section. This enriched section definition is converted to rectangular coordinates and is then treated as
if it were a rectangular section for further respacing operations. The enrichment of the section
definition before the final respacing in rectangular coordinates places points near the ends of the curve
to ensure the correct slope behavior there. This can be a problem with standard rectangular sections,
requiring extra points to be input.

The real benefit of the first interpolation in polar coordinates is that only two points need be
input to specify a circular arc section. If a section curve is defined with constant radius values, then
any radius value interpolated between the ends of the curve will also be constant. In addition, near-
circular sections can be defined using fewer points than would be required for purely rectangular
definitions. The difference between rectangular and cylindrical sections is illustrated in Figure 6-17
for sections defined with two and three points.
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7. QUADPAN DATASET

7.1 INTRODUCTION

This chapter describes the input dataset for a QUADPAN run. The basic dataset structure is
introduced, followed by the ground rules, for the data format. The chapter provides a detailed definition of
the input dataset and describes each parameter in each record.

. Several examples are provided at the end of the chapter in order of increasing complexity. These
illustrate both the syntax of the dataset and the relationship between the geometry of a configuration and
the corresponding input dataset. The reader is encouraged to refer to these examples frequently.

7.2 INPUT DATASET STRUCTURE

An input dataset for QUADPAN is divided into four basic parts, separated by keywords (to be
discussed below). The parts are listed here in the order they are to appear in the dataset.

® Global data — This part consists of information required to run the case, the reference quantities, and
flow conditions desired.

e Panel data — The geometric definition of the configuration is input by panels in this part. The panel
definitions consist of panel information and several section definitions.

Sections are used to actually define the panel geometry. For this reason section data is treated as a
separate part of the input, although this is only in the context of defining the panel.

e Propeller data (optional) — The parameters defining the propeller slipstream model are specified in
this part.

e Survey data (optional) — This part specifies additional locations at which the program is to calculate
flow field quantities.

The structure of the input dataset is presented in Figures 7-1 and 7-2. Figure 7-1 is a flow chart
which shows the order and possible combinations of the basic blocks of data in the input dataset. Each
block on the flow chart consists of one or more records. Figure 7-2 shows the structure of the dataset and
the variables which comprise each record. The record identification number in each block in the flow chart
(e.g., P4) refers to one or more records in Figure 7-2 (e.g., P4, P4a, and P4b). These identification numbers
are used throughout the remainder of the chapter, including the examples at the end of the chapter.

Many of the records in the dataset are optional and, if not required, may be left out of the input
data. This is done by omitting the keyword for the option and any records associated with it. The parts of
the dataset and their input records are discussed later in this chapter. Not shown in this Figures 7-1 and 7-2
is the new integrated capability for ASTROS for creating control surfaces. A protocol of AESURF unique
to QUADPAN was integrated into the QUADPAN dataset. This protocol for user input will be described
in the following appropriate subsections.
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Record Global Dpata

Gl Case 1d

G2 Run 14

G3 Mach Run Print Dump Abstol Reltol

G4 Sref Cbar Wspan Xbar Ybar 2bar

G5 * Alpha Beta Omegax Omegay Omegaz vinf

Record Panel Data

Pl * PANEL )

P2 PIdnum Ptitle

P3 Type Wet Force Image

P4 PERMEABILITY

P4da Vnorm

P4b + vnorm (image)

PS DEFLECT

PSa Xtail Ytail Ztail Xhead Yhead Zhead Deflect
P5b + Xtail Ytail Ztail Xhead Yhead 2head Deflect (image)
P6 ABUT :

P6a . EdgeN Panel Edge

P7 LOCATE

P7a Xpl Ypl Zpl Xqgl Ygl zg1l

P7b Xp2 Yp2 2p2 Xg2 Yg2 292

P7c Xp3 Yp3 2p3 Xg3 Yg3 293

P8 . JSPACE

P8a Nj Jspace

P9 KSPACE

pga Nk Kspace

Record Section Data

sl * SECTION

§2 RECTANGULAR

S2a * X Y z Kbreak Nk Kspace
s3 THREAD

S3a X0 Yo 20

S4 CYLINDRICAL

SS XAXIS

S5a * Theta R X Kbreak Nk Kspace
S6 THREAD

S6a Thetal RO X0

s7 YAXIS

S7a - . Theta R Y Kbreak Nk Kspace
s8 THREAD

S8a Theta0 RO Yo

s9 ZAX1S

S%a b Theta R 2 Kbreak Nk Kspace
810 ) THREAD

S10a Thetal RO 20

S1li AT .

Slla Xthread Ythread Zthread Jbreak N3 Jspace
s12 * SCALE

Sl2a Xscale Yscale Zscale

813 . TWIST

Sl3a Xaxis Yaxis Zaxis Twist

Record Propeller Data

Rl * PROPELLER

R2 Xprop Yprop Zprop Alpharrop Betaprop

R3 Rprop Dir Propimage

R4 Cthrust Ctorque Ccrossforce

Record Survey Data

vi SURVEY

v2 POINT

v2a * © Xsurv Ysurv Zsurv

v3 « PANEL

v4 CONTROL

(panel and section records P2-P9, S1-S13)

vs LATTICE

(panel and section records P2-P9, S1-513)

All capital letters indicate a KEYWORD which is to be literally entered
Small letters indicate a parameter whose value is to be entered
* indicates that the card (or KEYWORD and cards it heads) may be repeated

+ indicates that the item refers to the ima
if the parameter must be non-symmetric

Figure 7-2 Input Dataset Schematic
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73 GENERAL RULES FOR INPUT DATA

The input to QUADPAN is record oriented, one record per line of input with no extensions
allowed onto additional cards. The program reads only the first 72 columns of any input line, aliowing
datasets to be line numbered (for IBM systems) or otherwise identified as the user desires. There are three
types of input lines recognized by the program; comments, keywords, and numeric data.

7.3.1 Comments

Any line beginning with an asterisk *** is considered a comment and is ignored by QUADPAN.
An input record is considered to be any noncomment line. Comments may also be put on noncomment
records by preceding the comment text with an asterisk. The input record will be processed from left to
right until the comment is encountered. Input fields skipped due to the presence of a comment on the
record are assumed to be blank.

Examples:

* THIS IS A COMMENT LINE
* 234567890 1234567890123456789012345678901234567890RULER LINE
102.733 33.845 1201.993 *REST OF LINE IS A COMMENT

7.3.2 Keywords

Keywords are used in the input for several functions. They serve to organize the input. They allow
the user to specify options that may safely be defaulted when not required, thus reducing the complexity of
the input dataset. Keywords are also used to terminate lists of data (such as a list of X, Y, Z points) so that
the user need not redundantly specify the length of the list.

Keywords must be in capital letters, starting in the first column of the record. Only the first four
letters of each keyword are significant. Some keywords also require additional data to be entered (numeric
or keyword) that is associated with that option.

7.3.3 Numeric Data

The input of numeric data is organized into fields of ten columns each, in much the same manner
as the Fortran ‘F10.xx’ format. The value of a parameter may be placed anywhere in its assigned field.
Decimal points or right justification are optional as numbers can be delimited by blanks. It is recommended
that decimal points be used for all floating point number inputs for clarity. A maximum of 7 fields may be
present on a record. Blank fields or fields not read due to a comment on the record are assigned default
values (the default value of any parameter is zero, unless otherwise specified).

Examples:
* 234567890 123456789012345678901234567890(RULER COMMENT)

102.733 33 1201.993 -59.432
-8 .67E-05 +125.669
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7.4 ADDITIONAL CONSIDERATIONS FOR INPUT DATA

As mentioned above, open ended lists, where any number of records may be input, are delimited
by keywords, or the end of file. A blank line in the dataset will be interpreted by the program as an end of
file in most situations.

The need for comments in datasets cannot be overemphasized. It is difficuit to work with an old
dataset that was not properly documented. An additional benefit of comments is that they may be used to

eliminate alignment errors by marking the beginning of each field. The facility for comments has been
provided. . . use it! Comments will be used to clarify the material in all examples in this chapter.

7.5 SUMMARY OF KEYWORDS RECOGNIZED BY QUADPAN

The keywords recognized by the program, ordered by the groups in which they appear, are listed

below:
Global Data Group
AESURF Initiates control surface definition
Panel Data Group
PANEL Initiates panel definition
PERMEABILITY Allows specification of panel normal velocity
DEFLECT Simulates panel deflection about an axis
ABUT Allows user to specify panel abutment data
LOCATE Specifies panel transformation (translation, rotation,
scaling)
JSPACE Allows respacing in J direction
KSPACE Allows respacing in K direction
Section Data Group
SECTION Initiates section definition
RECTANGULAR Precedes new section in rectangular coordinates
CYLINDRICAL Precedes new section in cylindrical coordinates
XAXIS Specifies X-axis for polar axis
YAXIS Specifies Y-axis for polar axis
ZAXIS Specifies Z-axis for polar axis
THREAD Allows user to specify section thread point
AT Specifies translation of section
SCALE Specifies section scaling
TWIST Specifies section rotation about an axis
Propeller Data Group
PROPELLER Initiates propeller definition
Survey Data Group
SURVEY Initiates survey definition
POINT Precedes definition of survey points
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PANEL Initiates survey panel definition
CONTROL Specifies panel control points as survey points
LATTICE Specifies panel lattice points as survey points

7.6 GLOBAL DATA

The global data (records G1-G5) contains information to identify and control the run, the
reference quantities to be used to normalize the forces and moments, and the flow conditions to be
analyzed. The program expects this section to be present in every dataset in the order given here.

The global data is terminated by the keyword PANEL of the first panel definition.
No keywords are used in the global data group.
Record G1: Case ID (col. 1-72)
The first noncomment card in the dataset. To be used for an identifying description of the configuration.

This title is associated with the geometry of the configuration and must be maintained unchanged for all
future restarts using the matrices generated on the initial run. The title will appear in the output print, the
output dump, and the matrices from this run. It is recommended that meaningful information be used to
eliminate ambiguity on what configuration was actually run. -

Record G2: Run ID (col. 1-72)

A noncomment card, to be used for an identifying description of the particular run (flow condition or
boundary conditions) the dataset corresponds to. ,

The run identifier is an additional label that may be used to identify a run, but which differs from the title
(record G1) because it has no effect on restarts. This permits the title to be permanently associated with the
configuration geometry. The run title will appear in the output print and the output dump from this run.
Again, it is recommended that meaningful information be used to eliminate ambiguity on what flow
condition was actually run.

Record G3: MACH, RUN, PRINT, DUMP, ABSTOL, RELTOL

This record specifies the Mach number to be used for the run, the control flags, and the tolerance
parameters to be used for the Automatic Abutment check.

MACH - Mach number (col. 1-10)

The freestream Mach number (MACH < 1.0). Since the matrices generated are peculiar to a given
Mach number the Mach number must be unchanged if the program is restarted using matrices from a
previous run. '

RUN - Run control flag (col. 11-20)

RUN = -1: Program generates geometry only.

RUN = 0: Program generates geometry and performs abutment checks, wake checks, and
interior surface checks.

RUN= 1: Normal program operation.

RUN= 2: Restart, program uses existing influence matrices from units 1 and 2.

RUN= 3: Restart, program uses existing influence matrices from units 1 and 2 and
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survey influence matrices from unit 3.

RUN = -1 is used when only geometry data needs to be computed. This is normally used in
conjunction with DUMP = 1 to produce a dump file for plotting the configuration geometry.

RUN = 0 is used for geometry data and abutment checking, but not a full run. This is normally used
for debugging, usually with DUMP = 1 to produce a dump file for plotting. This allows the
configuration panel edge abutments to be checked.

RUN =1 is used when complete program execution is needed.

RUN = 2 or 3 is used when the program is to be restarted using influence matrices from a previous
run. If a run merely involves a change in flow conditions or propeller effects with no change in the
geometry or Mach number, then the program may be restarted using the potential influence matrices
from units 1 and 2 from the initial run. If there is a flow survey and the survey grid has not changed,
the flow survey may also be restarted by using RUN = 3. In this case the velocity influence matrices
are needed from unit 3 of the initial run. See 2.5.4 and Appendix C for further information on restarts.

PRINT - Print control (col. 21-30)

PRINT =0: all output data printed

PRINT = 1: all output data printed except geometric data
PRINT =2: only force data and element pressure data printed
PRINT =3: only force data printed

Flag controlling the output data which is printed by the program on unit 6. Some of the output data
print may be suppressed if it is not needed. Chapter 8 fully defines the output generated for each
value of this flag.

The program prints four sets of output data for the run in addition to a literal input echo, an
interpreted input echo, a list of defined panels and the panel abutment list, all of which are printed for
all cases. The four optional sets are:

U A full listing of the geometry of the elements in the configuration including indices,
comer points, control point, normal vector, and area.

. The forces and moments on the whole configuration and on each panel in three
coordinate systems: body axes, stability axes, and wind axes.

U A listing of the pressure and velocity on each element in the configuration, grouped by
panels.

. The singularity strengths (source and doublet) on each element in the configuration,
grouped by panels.

DUMP - Dump file controtl flag (col. 31-40)

DUMP =0: dump file is not created
DUMP = 1: dump file is created

Flag controlling the creation of an output dump file on unit 7. The dump file may be used by other

programs which post-process geometry or pressure data, for example. See Appendix B for
information on the Dump File.
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ABSTOL - Absolute geometric tolerance distance (col. 41-50)

The absolute tolerance distance to be used in determining element edge abutments. Element edges
will be considered abutted if the distance between the midpoints of the edges is less than the smaller
of ABSTOL and RELTOL *(element edge length).

The default for ABSTOL (also used if ABSTOL is input as 0) is 10 times the minimum resolvable
distance (using the machine precision) at the maximum X, Y or Z coordinate in the configuration.
Additional information is available in Chapter 5.

RELTOL - Relative tolerance (col. 51-60)

The fraction of the element edge length to be used in determining element edge abutments (defaults
to 0.1). Element edges will be considered abutted if the distance between the midpoints of the edges
is less than the smaller of ABSTOL and RELTOL *(element edge length). See Chapter 5 for more
information.

Record G4: SREF, CBAR, WSPAN, XBAR, YBAR, ZBAR

This record specifies the reference quantities to be used for normalizing forces and moments for the
configuration. These quantities should be in the same units as the input variables defining the geometry.

SREF — Configuration reference area (col. 1-10)

The reference area for all aerodynamic coefficients (defaults to 1.0). This is the reference area for the
entire configuration (both sides of the plane of symmetry) when the configuration is laterally
symmetric. The program will include forces from image panels in the total forces and moments.

CBAR — Mean chord (col. 11-20)

The reference length for all body axis moments and the pitching moments in the wind and stability
axis systems (defaults to 1.0).

WSPAN — Wingspan (col. 21-30)

The reference length for the rolling and yawing moments in wind and stability axis systems (defaults
to 1.0). This is the span across both sides of the plane of symmetry when the configuration is laterally
symmetric.

XBAR - Coordinates of moment reference and rotation center
YBAR (col 31-40, 41-50, 51-60)
ZBAR

This point fixes the location of the moment reference center (defaults to 0.,0.,0.). See Fig. 4.3. It is
also the center of rotation for the configuration (if the aircraft has no rotation, this point has meaning
only as the moment center).

Record G5: ALPHA, BETA, OMEGAX, OMEGAY, OMEGAZ, VINF

Flow conditions to be analyzed in the run. This record may be repeated for up to 30 flow conditions. The
free stream is specified by angles of attack and sideslip, and the angular velocity vector is specified along
with a free stream velocity to nondimensionalize the time derivatives implied in the rotation rates. The
angular velocity is the body axis rotation rate of the configuration about the rotation center. See Appendix
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D for more information on using the program for nonzero angular velocities. The keyword PANEL
terminates the global data.

ALPHA - Angle of attack (degrees) (col. 1-10)

The angle of attack is the angle made by the projection of the free stream vector into the X-Z plane
with the X-axis. It is considered positive when the wind has a component along the positive Z-axis
(wind from below) as shown in Figure 7-3.

BETA — Angle of sideslip (degrees) (col. 11-20)

The angle of sideslip is the angle between the free stream vector and the X-Z plane. It is considered
positive when the wind has a component along the positive Y-axis (wind from the port side) as shown
in Figure 7-3. Note that this is not the same as the angle between the X-axis and the projection of the
velocity vector into the X-Y plane!

OMEGAX - X-component of angular velocity (deg/sec) (col. 21-30)

The component of the aircraft’s angular velocity about the X-axis (positive in the sense defined by
the right-hand rule).

OMEGAY - Y-component of angular velocity (deg/sec) (col. 31-40)

The component of the aircraft’s angular velocity about the Y-axis (positive in the sense defined by
the right-hand rule). '

OMEGAZ — Z-component of angular velocity (deg/sec) (col. 41-50)

The component of the aircraft’s angular velocity about the Z-axis (positive in the sense defined by the
right-hand rule).

VINF - free stream velocity (col. 51-60)

The translational velocity used to normalize the angular rates (defaults to 1.0). It is necessary to input
VINF only when there are nonzero angular rates. If the aircraft is nonrotating, all computed output is
independent of free stream velocity.

The final set of data in the QUADPAN Global Data Group is the control surface specifications.
The keyword AESURF was added to the Global Data Group to integrate QUADPAN with ASTROS. The
control surface functionality operates in conjunction with the DEFLECT option which is defined within
the Panel Data Group. QUADPAN control surfaces are constructed from a collection of panels. Surface
geometry, symmetry, and pressure magnitude are determined through AESURF input. Table 7-1 displays
the sub-keywords that are used in this data flow to define the control surfaces. The hingeline and sign
convention for surface rotation is defined within the DEFLECT options for each unique panel. The user
must be careful to define consistent rotation axes in the DEFLECT option with intended surface deflection
symmetries in the AESURF option!

QUADPAN flow solutions are obtained in the sequence of an outer loop on the specified flow
conditions and an inner loop on each surface. Consequently, the number of flow solutions to be acquired
within a QUADPAN analysis is determined by the product of the number of flow conditions and the
number of control surfaces. Any number of control surfaces may be defined. Any number of Panels may
belong to an AESURF declaration. Reference 4 provides further discussion and an example of the
AESURF option.
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Table 7-1 Definition of Control Surfaces in QUADPAN

<option> Description

“AESURF” (keyword)

User Name an 8 character (truncated from 10) surface name

Symmetry the surface symmetry (-1, 1 or blank)

“PANELS” (keyword) panel ids’ one or more records of 1 to 8 panel ids that comprise
the surface

“ANGLES” (keyword) angular deflection, one or more records of 1 to 0 angles (in
deg.) that comprise the surface sweeps.

7.7 PANEL DEFINITION DATA

The panel definition data (records P1-P9) begins with the first keyword PANEL, ending the global
data. Each panel definition must begin with the keyword PANEL and is terminated by the keyword
PANEL (starting the next panel definition), the keyword PROPELLER, the keyword SURVEY, the end of
file, or a blank line. The program expects at least one panel definition to be present in every input dataset,
with a limit of 200 panels.

The panel is the basis of the QUADPAN dataset. The concepts and nomenclature to use panels to
create geometric models is presented in Chapter 6.

The panel definition data contains several header records for identification, specifying boundary
conditions and some required flags, plus additional keywords to exercise various useful options. These may
be selected using records P4-P9 and are entirely optional. They include the specification of quantities that
alter the boundary conditions to be applied to the panel, a transformation to be applied to the defined panel
so that it may be described in its own coordinate system (the panel coordinate system or PCS) and
information that will respace the element mesh in either or both of the J or K lattice directions.

Following this is a set of section definitions, each beginning with the keyword SECTION.
Sections are the building blocks of the panel in much the same way as the panels are the building blocks of
the configuration. After each section is defined, the program checks to see if the panel is finished or
another section begins. Sections are discussed under Section Data. A

Panel Data Keywords
PANEL Initiates panel definition
PERMEABILITY Allows specification of panel normal velocity
DEFLECT Simulates panel deflection about an axis
ABUT Allows user to specify panel abutment data
LOCATE Specifies panel transformation (translation, rotation,
scaling)
JSPACE Allows respacing in J direction
KSPACE Allows respacing in K direction
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Record P1: PANEL - <KEYWORD>

The keyword PANEL indicates the beginning of the definition of each panel. Any pending lists are
terminated by this keyword. :

Record P2: PIDNUM, PTITLE
A number and a title to be associated with the panel for identification purposes.
PIDNUM - Panel identification number (col. 1-10)

A panel identification number, assigned by the user, that is associated with this panel. The number
may be any positive whole number between 1 and 9999. The panel ID number must be unique to this
panel (no repeated identification numbers within the dataset). The image of this panel, if it has one,
will be referred to by the negative of this number.

PTITLE - Panel title (col. 11-58)

An identifying description for the panel, up to 48 characters long, starting in column 11. This title
should be as informative as possible as to the identity of the panel.

Record P3: TYPE, WET, FORCE, IMAGE -

This record contains the panel flags that contro} the boundary conditions to be applied to the panel, the side
of the panel to be used as the exterior surface, the disposition of panel forces, and the generation of an
image panel. :

TYPE — panel type (col. 1-10)

TYPE=-1: body panel with exterior potential specified

TYPE = 0: body panel with exterior normal velocity specified
TYPE = 1: wake panel where edge 1 is the Kutta edge
TYPE= 2: wake panel where edge 2 is the Kutta edge

TYPE = 3: wake panel where edge 3 is the Kutta edge

TYPE = 4: wake panel where edge 4 is the Kutta edge

Flag specifying the type of boundary condition to be applied to a panel.
TYPE = 0 — Body panel with specified normal velocity

This type of panel is used for nearly all body (nonwake) panels. It is used for body panels that will
have hydrodynamic boundary conditions (specified normal velocity at the exterior surface) applied to
them. This includes impermeable panels, where the exterior normal velocity is specified to be zero. On
TYPE = 0 panels, the source strength is specified by the onset flow velocity at the control point, plus a
normal flow (given by the panel permeability). The doublet strength is determined by the solution to
the linear system.

TYPE = 1-4 — Wake panel

Wake panels are used to represent the vortex wake from a lifting surface and enforce the Kutta
condition at one of their edges. A wake panel is specified with TYPE = 1-4, the TYPE indicating
which of the four panel edges is to have the Kutta condition applied (see Figure 7-4) for an illustration
of the four edges of a panel). This edge should normally be the one coincident with the trailing edge of
a wing, where the Kutta condition is applied. The “Kutta” edge can also be placed coincident with an
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edge of another wake panel to further extend the vortex wake. In this way, a short wake panel can be
continued into an entire wake system to transmit the vortex downstream.

The Kutta condition basically enforces the condition that the sum of the doublet strengths at the Kutta
edge be zero.

TYPE =-1 — Body panel with specified exterior potential

These are special purpose boundary conditions, used on body panels for problems where a specified
potential (and tangential velocity) must be applied on the exterior surface. This is normally done to
make an ill-posed potential problem well-posed. Its use includes internal flow problems and situations
involving closed wake volumes such as the closure panel at a thick trailing edge with wakes shed from
the upper and from the lower surface. This is discussed further in Ref. 4. On TYPE = -1 panels, the
doublet strength is specified such that the total tangential velocity on the exterior surface at the control
point is zero. The source strength is determined by the solution to the linear system.

WET - Panel surface wetted flag (col. 11-20)

WET =+1: Panel wetted only on positive surface
WET = -1: Panel wetted only on negative surface

Flag specifying which of the panel’s surfaces (positive or negative) is to be used as the “exterior”
surface, wetted by the flow. Figure 7-4 illustrates the panel positive and negative surfaces. The
positive surface can be determined by the use of the right hand rule on the panel edge sequence edge
1, edge 2, edge 3, edge 4 (the first section entered is edge 1, the last point in each section defines edge
2, the last section entered is edge 3, and the first point in each section defines edge 4). The thumb of
the right hand will point in the direction of the positive side.

Either the positive or negative surface of the panel can be specified as the “exterior” surface (wetted
by the flow) with the WET flag. The “exterior” surface (defining the outward normals) will be the
positive panel surface for WET = 1, or the negative panel surface for WET = -1. Note that the value
of WET for a wake panel may be either +1 or —1 since it is wetted on both sides (the only difference
will be the sign of the wake element doublet strengths).

FORCE - Panel force flag (col. 21-30)

FORCE = 0: Panel which does not contribute to total forces and moments
FORCE = 1: Panel which does contribute to total forces and moments (default)

Flag specifying whether or not the forces and moments on a panel are to be included in the total
forces and moments on the configuration. As an example, FORCE = 0 might be used on panei(s)
representing an external store which has just been released, or on a panel used to model the exhaust
plume behind a nacelle. The FORCE flag of a wake panel (TYPE = 1-4) is automatically set to zero
(no forces), no matter what is input.

IMAGE - Panel image flag (col. 31-40)

IMAGE = 0: panel has no image
IMAGE = 1: panel has an image (default)

Flag specifying whether a panel is to be reflected in the X-Z plane to create an image panel. Panels

which appear symmetrically in the geometry need be input only once with an image specified. If the
geometry is completely symmetric about the X-Z plane, then only half the configuration need be
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input, with all panels having IMAGE = 1. The program will then construct the other half by
reflection.

Record P4: PERMEABILITY - <KEYWORD>

The keyword PERMEABILITY nrecedes the specification of the normal velocity (permeability) on the
panel exterior surface in record: >4a and P4b. If the keyword is omitted, the panel is assumed to be
impermeable and records P4a ar.d P4b are not read. The value of the normal velocity must be entered on
the next record, and (optionally) the image normal velocity on the record following that.

An example of where this might be used is on a panel representing the compressor face in a nacelle inlet,
where the permeability serves to set the mass flow at the compressor face. This is discussed further in Ref.
4.

Records P4a: VNORM - panel normal velocity
Records P4b: VNORM - panel normal velocity (image)

This is the ratio of the normal velocity prescribed on the surface of the panel to the free-stream velocity
(for a TYPE = 0 panel). A positive value indicates outflow (a velocity vector pointing out along the normal
vector into the flow which wets the panel). A negative value indicates inflow. It should be noted that this is
an explicit specification of the normal component of velocity only when the Mach number is zero.

If the panel has an image, the image panel normal velocity may be entered on a following card (record
P4b). If omitted, it is assumed that the image panel normal velocity is identical to that of the original panel,
making the boundary conditions symmetrical.

The specification of panel permeability controls the source strength for TYPE = 0 panels. The actual
relation used for SIGMA (the source strength) is:

SIGMA = VNORM - (component of onset flow along outward normal)

For VNORM = 0 (default) this gives zero total normal velocity on the exterior surface (impermeable
surface). ;

The panel permeability also controls the doublet strength for TYPE = -1 panels. A VNORM = 0 (default)

gives zero total tangential velocity on the exterior surface. If VNORM is specified as 1.0 the tangential
velocity on the exterior surface is the tangential component of the free stream.
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Figure 7-4 Positive and Negative Panel Surfaces
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Record P5: DEFLECT — <KEYWORD>

The keyword DEFLECT precedes a specification of simulated panel deflection in records P5a and P5b. If
the deflection specification and keyword are omitted no panel deflection occurs and records P5a and P5b
are not read. The axis specification and deflection angle must be entered on the next record, and
(optionally) the image panel axis and deflection on the record following that if the panel has an image.

This option allows the user to alter the boundary conditions to be used on a panel to simulate a geometric
deflection (rotation about an axis) without actually having to construct a deflected panel geometric
definition. Since the simulated deflection affects only the boundary conditions, this option may be used in
restarts with matrices generated without deflections. The simulated panel deflection will not be as accurate
as a physically deflected panel for large deflections, but for small deflection angles the results are quite
acceptable.

An example of where this option may be used is to simulate the deflection of the panel(s) modeling an
elevator on an aircraft. The simulated deflection has no effect on restarts, so the use of this option is
extremely cost effective in restart mode. This is discussed further in Ref. 4.

Records PSa: XTAIL,YTAIL,ZTAIL, XHEAD,YHEAD,ZHEAD,DEFLECT
Records PSb: XTAIL,YTAIL,ZTAIL,XHEAD,YHEAD,ZHEAD,DEFLECT (image)

This record specifies a panel deflection axis and deflection angle for simulated deflection of the panel. This
is given by two points on the deflection axis and a deflection angle. If the panel has an image, the image
panel deflection may also be specified on the following card (record P5b). If omitted, it is assumed that the
image panel deflection is identical (symmetrical across the X-Z plane) to that of the original panel.

XTAIL,YTAIL,ZTAIL - tail of axis vector (col. 1-10, 11-20, 21-30)
XHEAD,YHEAD,ZHEAD - head of axis vector (col. 31-40, 41-50, 51-60)

The (global) coordinates of the head and tail of a vector defining the axis of rotation (the vector
points from tail to head). The magnitude of the vector is immaterial, but the direction of the vector
defines the positive sense of rotation via the right-hand rule. For example, the head and tail may be
any two points on the hinge line of a control surface.

DEFLECT - deflection angle (degrees) (col. 61-70)

Angle through which the panel is deflected in degrees. The positive sense of rotation is determined by
the right-hand rule about the rotation axis vector. Since the deflection is merely simulated by rotating
the free stream vector that the panel “sees,” the deflection angle should be restricted to small values.

Example:

*234567890 12345678901234567890123456789012345678901234567890RULER

*

DEFLECT
*XTAIL YTAIL ZTAIL XHEAD YHEAD ZHEAD ANGLE
0. 0. 0. 0. 2. 0. 5.

This specifies a simulated deflection of 5 degrees about an axis parallel to the Y global axis.
Record P6: ABUT —<KEYWORD>

The keyword ABUT precedes a specification of the panel edge abutments.
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The program contains an automatic procedure to search all panel edges to establish contiguous neighboring
elements across panel boundaries. The element neighbors are used for surface differentiation of the
potential to establish velocity and to set up Kutta conditions at wake shedding lines.

In the great majority of cases where the input geometry is relatively gapless, the automatic procedure will
establish the element connectivity without further user intervention. In some cases, however, it may be
desirable to restrict the search space for the automatic abutment search to eliminate possible abutment
ambiguities.

The ABUT keyword allows the user to specify the search space to be used on the panel’s edges. See
Chapter 8 for a description of the abutment search procedure and 8.5 for details on user specified abutment
searches.

Record P6a: EDGEN, PANEL, EDGE

The abutment specification follows the keyword ABUT in record P6. This record allows the user to specify
the search space to be used in the automatic abutment procedure for any or all of the four edges in the
current panel to user selected panels and edges. The specification of an abutting panel and edge in the
abutment search space does not guarantee that the program will consider them connected, it merely restricts
the edges to be checked in the geometric search. There is currently no method provided for the direct
specification of edge abutments.

The user may define up to 8 panel/edge combinations per panel edge to be searched by the abutment search
in a user-specified abutment. Record P6a may be repeated as necessary to specify abutments for the panel.

EDGEN - edge number of current panel (col. 1-10)

A panel edge may be specified independently of the other edges in the panel. This must be in the
range from 1 to 4. See Figure 7-4 for a definition of the panel edges.

PANEL - panel ID number of abutting panel (col. 11-20)

If the abutting panel ID number is not specified (or is specified as zero), the program will consider
the edge not connected to any other edges. Image panels in abutment specifications use ID numbers
which are the negative of their real counterparts.

EDGE - edge number of abutting panel (col. 21-30)

The edge number must in the range from 0 to 4. If the abutting edge number is not specified (or is
specified as zero), the program will search all 4 edges of that abutting panel.

Example:

*234567890 12345678901234567890123456789012345678901234567890RULER

*

ABUT
*EDGEN PANEL EDGE
1. 0.
3. 30. 2.
3. 31 4.
2 8. 0.
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This specifies that edge 1 of this panel has no neighbors, the program should look for neighbors for edge 3
from panel 30 edge 2 and from panel 31 edge 4, and finally that the program should look for neighbors for
edge 2 from all four edges of panel 8.

Record P7: LOCATE — <KEYWORD>

The keyword LOCATE must precede the specification of the locater points. If the keyword LOCATE is
omitted records P7 a, b, ¢ are not read and the global coordinates of the panel will be identical to the panel
coordinates.

The locater points specify a transformation to be applied to the defined panel so that it may be described in
its own coordinate system, the panel coordinate system (PCS). This transformation uses three points whose
location is given in both the panel coordinate system and the global coordinate system. Combined
translation, isomorphic scaling, and rotation may be specified by this option (Figure 7-5).
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Figure 7-5 Action of Locater Points
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Multiple locater point transformations can be specified using additional LOCATE keywords and locater
point records. The transformations are done in the order in which they are entered, i.e., the first locater
transformation is the first applied to the panel while the last locater transformation will be the last applied
to the panel. Note that locater transformations are not, in general, commutative.

Records P7a: XP1,YP1,ZP1,XG1,YG1,ZG1 (col. 1-10, 11-20, 21-30, 31-40, 41-50, 51-60)
Records P7b: XP2,YP2,ZP2,XG2,YG2,ZG2 (col. 1-10, 11-20, 21-30, 31-40, 41-50, 51-60)
Records P7c: XP3,YP3,ZP3,XG3,YG3,ZG3 (col. 1-10, 11-20, 21-30, 31-40, 41-50, 51-60)

Where the fields given above are defined as:

XP1,YP1,ZP1 - panel coordinates of first locater point
XG1,YG1,ZG1 — global coordinates of first locater point

XP2,YP2,ZP2 - panel coordinates of second locater point
XG2,YG2,ZG2 - global coordinates of second locater point

XP3,YP3,ZP3 — panel coordinates of third locater point
XG3,YG3,ZG3 — global coordinates of third locater point

The coordinates of the locater points (records P7a-c) must be preceded by the keyword LOCATE.

Theses records specify the panel locater point transformation. The coordinates of the three sets of points
are used to size and locate the panel in the global coordinate system. The locater points may be any three
points which are not colinear and thus form a triangle. The locater points need not lie on the panel itself, or
be any of the defining points.

The action of the locater points is most easily understood if the locater triangle in panel coordinates is
similar to the locater triangle in global coordinates. The size of the panel is altered (without changing the
shape of the panel) until the panel locater triangle is congruent to the global locater triangle. The panel is
then placed in the global coordinate system so that the panel locater triangle coincides with the global
locater triangle.

More generally, if the triangles are not similar, the panel is sized according to the distance between the first
and second locater points. The panel is then placed so that the first and second panel locater points coincide
with the first and second global locater points, and the panel triangle is coplanar with the global triangle.
The fourth example dataset (7.11.4) also provides examples of the use of locater points.

Exampie 1:

*234567890 12345678901234567890123456789012345678901234567890RULER

*

LOCATE

*XP YP zp XG YG ZG
0. 0. 0. 10. 0. 0.
0. 1. 0. 10. 2. 0.
0. 0. 1. 10. 0. 2.

This specifies a translation of +10 in the X direction plus a 2X increase in size.

Example 2:

*234567890 12345678901234567890123456789012345678901234567890RULE

* .
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LOCATE

*XP YP yAY XG YG ZG
100. 10. 10. 300. 0. 0.
101. 10. 10. 300.7071 .7071 0.
100. 10. 0. 300. 0. -1.

This specifies a translation of a point at (100.,10.,10.) to (300.,0.,0.) plus a rotation of 45 degrees about the
Z-axis. '
Record P8: JSPACE — <KEYWORD>

The keyword JSPACE precedes the specification of the number and distribution of elements in the J
direction in record P8a. Only a single spacing range may be specified using this option. If the keyword and
its associated spacing information is omitted, then no respacing is done in the J direction unless provided
for by spacing range information with the AT keyword, and record P8a is not read. See Figure 7-4 for a
definition of the J direction.

The spacing specified by JSPACE is overruled by the specification of a spacing range, using the AT
keyword. '

Record P8a: NJ, JSPACE

This record specifies the number of elements and spacing distribution to be used in respacing the panel in
the J direction. This specification is used as a default spacing to be applied over the whole J extent of the
panel. This specification will be ignored if the finer spacing control provided by the specification of a
spacing range, using the AT keyword (record S7) is present.

NJ — Number of elements in J direction (col. 1-10)

The number of elements the panel is to have in the J direction. A maximum of 100 elements may be
specified.

JSPACE - Spacing distribution in J direction (col. 11-20)

JSPACE = +0: equal spacing
JSPACE =#1: cosine spacing
JSPACE = +2: sine spacing
JSPACE ==3: equal spacing

Flag specifying the spacing of the element lattice of the panel in the J direction (Figure 7-6). All
spacing distributions are defined with respect to the arc length along the panel surface. Changing the
sign of the spacing parameter reverses the direction of the spacing distribution. This has an effect
only on sine spacing (a positive value corresponds to elements concentrated at edge 1). Noninteger
values of JSPACE produce a spacing distribution which is a weighted combination of the integer
values bounding it (Figure 7-7).

Record P9: KSPACE — <KEYWORD>

The keyword KSPACE precedes the specification of the number and distribution of elements in the K
direction in record P9a. Only a single spacing range may be specified using this option. If the keyword and
its associated spacing information is omitted, then no respacing is done in the K direction unless provided
for by spacing range information with the SECTION keyword, and record P9a is not read. Figure 7-4 for a
definition of the K direction.

The spacing specified by KSPACE is overruled by the specification of a spacing range in the section
definitions.
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Record P9a: NK, KSPACE

This record specifies the number of elements and spacing distribution to be used in respacing the panel in
the K direction. This specification is used as a default spacing to be applied over the whole K extent of the
panel. This specification will be ignored if the finer spacing control provided in the section point definition

(record S6) is used.

NK ~ Number of elements in K direction (col. 1-10)

The number of elements the panel is to have in the K direction. A maximum of 100 elements may be

specified.

KSPACE - Spacing distribution in K direction (col. 11-20)

KSPACE = 0: equal spacing

KSPACE = +1: cosine spacing

KSPACE = +2: sine spacing

KSPACE = +3: equal spacing
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Figure 7-6 Basic Spacing Distributions
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Flag specifying the spacing of the element lattice of the panel in the K direction (Fig. 4.6). All
spacing distributions are defined with respect to the arc length along the panel surface. Changing the
sign of the spacing parameter reverses the direction of the spacing distribution. This has an effect
only on sine spacing (a positive value corresponds to elements concentrated at edge 4). Noninteger
values of KSPACE produce a spacing distribution which is a weighted combination of the integer
values bounding it (Fig. 4.7).

7.8 SECTION DATA

The section data records (S1-S13) contain the geometric definition of a section. Sections are used
only to define panels and must follow the panel data records and be contained within a panel definition. At
least two sections are expected to be present in each panel to define the panel lattice.

In addition to the basic coordinates of the section points, the section data may also include
transformation data to translate, scale, and rotate the input points, and respacing data to alter the
distribution of points along the curve defined by the input points and to redistribute points and to
redistribute points in the J direction between sections. This permits the sections to be defined in their own
coordinate systems, the Section Coordinate System (SCS), and transformed into the panel system. The use
of the transformation or respacing capability is entirely optional and, if not used, the input points define a
column of lattice points in the K direction of the panel.

Section Data Keywords
SECTION Initiates section definition
RECTANGULAR Precedes new section in rectangular coordinates
CYLINDRICAL Precedes new section in cylindrical coordinates
XAXIS Specifies X-axis for polar axis
YAXIS Specifies Y-axis for polar axis
- ZAXIS Specifies Z-axis for polar axis
THREAD Allows user to specify section thread point
AT Specifies translation of section
SCALE Specifies section scaling
TWIST Specifies section rotation about an axis

Record S1: SECTION - <KEYWORD>

The keyword SECTION precedes the definition of the geometry of each section making up the panel. Each
section consists of two parts, a geometric part made up of a list of points and an optional “thread point”
specified by the THREAD keyword, and a transformation part in which translation, scaling, and rotation
may be applied to the section points. No transformation is done if the second part is omitted or defauited.

The sections making up the panel may define the panel lattice directly, or may be respaced in either or both
of the J or K directions to suit the need. See 6.5 and 6.9 for information on the basic panel and section
nomenclature and 6.10 for background on the respacing of sections and panels.

There are three basic options available when the keyword SECTION is used.

1. Define a new section using rectangular coordinates. This may be selected by entering the keyword
RECTANGULAR in the next record.
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2. Define a new section using cylindrical coordinates. This may be selected by entering the keyword
CYLINDRICAL in the next record. Either the X, Y, or Z axis may be used as the polar axis for the
cylindrical section. Records S4 and S5 describe this further. Cylindrical sections have special
properties if respacing is specified.

3. Reuse the previous section defined. The repeated section may be translated, scaled in X, Y, or Z, and
rotated. This option is selected if neither of the above options for defining a new section is selected. In
other words, if the keyword, section definition, and thread point are omitted, then the section points,
thread point, and any respacing data contained in the section definition of the previous section are used
for the repeated section.

Both rectangular and cylindricai sections may be mixed within a panel definition.

Record S2: RECTANGULAR —- <KEYWORD>

The keyword RECTANGULAR must precede the definition of a new section in rectangular coordinates.
Record S2a: X, Y, Z, KBREAK, NK, KSPACE |

These record(s) contain the X,Y,Z coordinates of the points defining the section and optional flags for
controlling the respacing process in the K direction.

X,Y,Z — coordinates of section points (col. 1-10, 11-20, 21-30)
The rectangular coordinates of a set of points defining the section in the section coordinate system.
KBREAK - break point in section curve (col. 31-40)

KBREAK = 0: no break point
KBREAK _ 0: break spacing

This flag specifies that the point be treated as a break point in the section curve. This is important
only if the panel is to be respaced in the K direction. A break point means that the curves used to
respace the panel in the K direction can have slope discontinuities as they pass through this point. See
6.10 for more information on panel respacing. Note that specifying a break point affects only the
definition of the section shape and does not guarantee a lattice location there.

NK — number of elements in K direction (col. 41-50)

A nonzero value for NK specifies this point as a spacing range in the K direction and that NK
elements are to be respaced between this point and the end of the spacing range. The spacing range
runs from the current section definition point until the next spacing range is defined or the end of the
section definition is reached. This guarantees that this pint will be a lattice point if no respacing in J is
specified. The specification of a spacing range overrides the default panel spacing established under
the keyword KSPACE for that spacing range.

KSPACE - spacing distribution for respacing (col. 51-60)
KSPACE= 0: equal spacing
KSPACE = =1: cosine spacing

KSPACE = =2: sine spacing
KSPACE = =3: equal spacing
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This flag specifies the distribution to be used for respacing of the element lattice within this spacing
range in the K direction (Figure 7-6). All spacing distributions are defined with respect to the arc
length along the panel surface. Changing the sign of the spacing parameter reverses the direction of
the spacing distribution. This has an effect only on sine spacing (a positive value corresponds to
elements concentrated at edge 4). Noninteger values of KSPACE produce a spacing distribution
which is a weighted combination of the integer values bounding it (Figure 7-7).

Record S3: THREAD — <KEYWORD>

The keyword THREAD must precede the specification of the thread point. The keyword and thread point
may be omitted, in which case the thread point is simply the origin (0.,0.,0.) of the section coordinates. The
thread point may be thought of as a way to reorigin the section coordinates to the location of the thread
point. It also has the additional significance that:

Translation of the section, using the AT keyword, is done by moving the thread point to a specified
point in the panel coordinate system (PCS).

Scaling of the section, using the SCALE keyword, is done about the thread point.

Rotation of the section, using the TWIST keyword, is done about an axis that passes through the
thread point.

The thread point is part of the section definition and is unchanged if the section is repeated.
Record S3a: X0, Y0, Z0 (col. 1-10, 11-20, 21-30)

This record contains the X, Y, Z coordinates for the section thread point. These are the rectangular
coordinates of the point in the section coordinate system which is to be moved to the location in the panel
coordinate system specified by the AT keyword. The thread pomt is also the point about which section
scaling (using SCALE) and section rotation (using TWIST) is done. If the AT keyword is not used to
specify the translation of the thread point is put at the origin of the panel system (default).

Record S4: CYLINDRICAL — <KEYWORD>

The keyword CYLINDRICAL must precede the definition of a new section in cylindrical coordinates.
There are three possible choices for the polar axis to be used, the X, Y, or Z axis (Figure 7-8). The
following record (S5, S7, or S9) specifies the polar axis to be used.

The coordinates that may be input are the polar coordinates, THETA (angle) and R (radius), and a
coordinate in the direction of the polar axis (X, Y, or Z). The plane of the polar coordinates is normal to the
polar axis. The polar angle (THETA) is measured positive in a right hand sense about the polar axis and is
referenced to the axis following the polar axis in the permutation order XYZXYZ . . . etc. For the three
choices of polar axis:

1. XAXIS - The polar angle is referenced to the Y axis. The +Z direction corresponds to +90 deg., +Y to
0 deg., -Z to —90 deg. and Y to +180 deg.

2. YAXIS ~ The polar angle is referenced to the Z axis. The +X direction corresponds to +90 deg., +Z to
0 deg., -X to —90 deg. and —Z to 180 deg.

3. ZAXIS - The polar angle is referenced to the X axis. The +Y direction corresponds to +90 deg., +X to
0 deg., -Y to —90 deg. and —X to +180 deg.




If respacing is specified in the section (K) direction, cylindrical sections possess special properties (6.10.4).
The specified points are first interpolated in THETA, R, (X, Y, or Z) space by cylindrical arc length to
generate an enriched cylindrical section with approximately 100 points. This enriched section is converted
to rectangular coordinates and is then treated exactly as if it were a rectangular section for further
operations. This procedure is done for two reasons:

1. The first interpolation, done in THETA, R, (X, Y, or Z) coordinates, has the property that only
two points need be input to specify a circular arc. Near-circular sections can also be defined by fewer
points than would be required for purely rectangular definitions.

2. The enrichment of the input points to approximately 100 interpolated points before respacing
ensures the correct slope behavior at the ends of the arc.

The enrichment of the input points in cylindrical coordinates is done in a direction and range given by the
end points. For example if the arc is specified from THETA = -90; to THETA = 90, the points will describe
a 180 degree arc, through THETA = 0, with THETA increasing. If the arc is specified from THETA = -90
to THETA = -270, the points will describe a 180 degree arc, through THETA = -180, with THETA
decreasing. Angles greater than 360 degrees may be used in order to specify the proper angle range.
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Figure 7-8 Polar Axes for Cylindrical Sections
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Record S5, S7, or S$9: XAXIS, YAXIS, or ZAXIS — <KEYWORD>

This record specifies the polar axis to be used for the cylindrical section to be defined. If one of the
keywords XAXIS, YAXIS, or ZAXIS is not present, the polar axis will default to the X axis.

Record S5a, S7a, or S9a: THETA, R, (X, Y, or Z), KBREAK, NK, KSPACE

These record(s) contain the THETA, R, (X, Y, or Z) coordinates of the points defining the cylindrical
section and flags for controlling the respacing process in the K direction. The choice of polar axis (X, Y, or
Z) is controlled by record S4a. As many records may be entered as necessary to adequately describe the
section shape up to a maximum of 101.

THETA,R,(X,Y, or Z) — coordinates of the section (col. 1-10, 11-20, 21-30)

The cylindrical coordinates of a set of points defining the section in the section system. The polar
angle, THETA, is measured in degrees. See record S4 for conventions for the polar angle.

KBREAK - break point in section curve (col. 31-40)

KBREAK = 0: no break point
KBREAK _ 0: break point

This flag specifies that the point be treated as a break point in the section curve. This is important
only if the panel is to be respaced in the K direction. A break point means that the curves used to
respace the panel in the K direction can have slope discontinuities as they pass through this point. See
6.10 for more information on panel respacing. Note that specifying a break point affects only the
definition of the section shape and does not guarantee a lattice location there.

NK - number of elements in K direction (col. 41-50)

A nonzero value for NK specifies this point as a spacing range in the K direction and that NK
elements are to be respaced between this point and the end of the spacing range. The spacing range
runs from the current section definition point until the next spacing range is defined or the end of the
section definition is reached. This guarantees that this point will be a lattice point if no respacing in J
is specified. The specification of a spacing range overrides the default panel spacing established
under the keyword KSPACE for that spacing range.

KSPACE - spacing distribution for respacing (col. 51-60)

KSPACE= 0: equal spacing
KSPACE = =z1: cosine spacing
KSPACE = +2: sine spacing
KSPACE = +3: equal spacing

This flag specifies the distribution to be used for respacing of the element lattice within this spacing
range in the K direction (Figure 7-6). All spacing distributions are defined with respect to the arc
length along the panel surface. Changing the sign of the spacing parameter reverses the direction of
the spacing distribution. This has an effect only on sine spacing (a positive value corresponds to
elements concentrated at edge 4). Noninteger values of KSPACE produce a spacing distribution
which is a weighted combination of the integer values bounding it (Figure 7-7).
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Record S6, S8, or S10: THREAD — <KEYWORD>

The keyword THREAD must precede the specification of the thread point. The thread point and its
keyword may be omitted, in which case the thread point is simply the origin (0.,0.,0.) of the section
coordinates. The thread point may be thought of as a way to reorigin the section coordinates to the location
of the thread point. It also has the additional significance that:

Translation of the section, using the AT keyword, is done by moving the thread point to a specified
point in the panel coordinate system (PCS).

Scaling of the section, using the SCALE keyword, is done about the thread point.

Rotation of the section, using the TWIST keyword, is done about an axis that passes through the
thread point.

The thread point is part of the section definition and is unchanged if the section is repeated.
Record S6a, S8a, or S10a: THETAO,R0,(X0,YO0 or Z0) (col. 1-10, 11-20, 21-30)

This record contains the THETA,R,(X,Y, or Z) coordinates for the section thread point. These are the
cylindrical coordinates of the point in the section coordinate system which is to be moved to the location in
the panel coordinate system specified by the AT keyword. The thread point is also the point about which
section scaling (using SCALE) and section rotation (using TWIST) is done. If the AT keyword is not used
to specify the translation of the thread point, the thread point is put at the origin of the panel system
(default). '

Record S11: AT - <KEYWORD>

This record precedes the specification of the section translation and several flags controlling the respacing
of the panel in the J direction. The translation of the section definition is done by specifying the location in
the panel coordinate system where the section thread point is to be placed. The section points are translated
along with the thread point (Figure 6-10). The keyword may be omitted, in which case the thread point is
placed at the origin (0.,0.,0.) of the panel coordinate system. Respacing in the J direction is controlled by
the JSPACE keyword if this record is omitted.

Record S11a: XTHREAD, YTHREAD, ZTHREAD, JBREAK, NJ, JSPACE

This record specifies the coordinates in the panel coordinate system (PCS) where the section thread point is
to be placed and flags for controlling the respacing process in the J direction.

XTHREAD,YTHREAD,ZTHREAD - coordinates of thread point in PCS (col. 1-10, 11-20, 21-30)

The coordinates in the panel coordinate system of the point where the thread point of the sectionisto

be placed. The section points are translated along with the thread point.

JBREAK - break specification for the section (col. 31-40)

JBREAK = 0: no break section
JBREAK _ 0: break section

This flag specifies that the section is to be treated as a break section. This is important only if the
panel is to be respaced in the J direction. A break section means that the curves used to respace the
panel in the J direction can have slope discontinuities at the point they cross this section. Note that
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specifying a break section affects only the definition of the panel shape and does not guarantee a
lattice line location at this section.

NJ — number of elements in J direction (col. 41-50)

A nonzero value for NJ specifies this section as a spacing range in the J direction and that NJ
elements are to be respaced between this section point and the end of the spacing range. The spacing
range runs from the current section to the next spacing range or to the last section. This guarantees
that points lying on this section curve will be lattice points. The specification of a spacing range
overrides the default panel spacing established under the keyword JSPACE for that spacing range.

JSPACE - spacing distribution for respacing (col. 51-60)

JSPACE=  0: equal spacing

JSPACE= =1: cosine spacing

JSPACE = <+2: sine spacing

JSPACE = 3: equal spacing

This flag specifies the distribution to be used for respacing of the element lattice in this spacing range
in the J direction (Figure 7-6). All spacing distributions are defined with respect to the arc length
along the panel surface. Changing the sign of the spacing parameter reverses the direction of the
spacing distribution. This has an effect only on sine spacing (a positive value corresponds to elements
concentrated at edge 1). Noninteger values of JSPACE produce a spacing distribution which is a
weighted combination of the integer values bounding it (Figure 7-7).

Record S12: SCALE — <KEYWORD>

This keyword precedes the specification of scaling factors to be applied to the section points. If the
keyword is omitted no scaling is done and record S12a is not read.

The scaling factors are used to scale the section points independently in each of the three panel coordinate
directions (see Figure 6-10). This scaling is done about the section thread point.

The keywords SCALE and TWIST may be repeated any number of times, and in any order, to transform
the section points. The scaling and twisting operations are done in the order in which they are entered. Note
that a scaling specification operates in the PCS on the section points after they have been transformed by
any previous scaling and twisting operations.

Record S12a: XCALE,YSCALE,ZSCALE (col. 1-10, 11-20, 21-30)

This record specifies the three scaling factors to be applied to the section points. These are the factors by
which the section points are scaled in each of the three coordinate directions. All scaling is done about the
section thread point. Blank fields in this card for XSCALE, YSCALE, or ZSCALE default to scale factors
of 1.0. v

Example:
*234567890 12345678901234567890123456789012345678901234567890RULER

*

SCALE
*XSCALE YSCALE ZSCALE
1. 33 25

This specifies a scaling of the section points about the thread point such that the X values are unchanged,
the Y values are scaled up by a factor of 3.3 and the Z values are scaled down by a factor of 4.

Record S13: TWIST - <KEYWORD>

159




The keyword TWIST precedes the definition of the axis of rotation (in the panel coordinate system) and
twist angle used to rotate the section points. If the keyword is omitted no rotation is done and record S13a
is not read. Rotations are done about an axis passing through the thread point in the section definition and
parallel to the specified direction (see Figure 6-10).

The keywords TWIST and SCALE may be repeated any number of times, and in any order, to transform
the section points. The twisting and scaling operations are done in the order in which they are entered. Note
that a twisting specification operates in the PCS on the section points after they have been transformed by
any previous scaling and twisting operations.

Record S13a: XAXIS, YAXI§, ZAXIS, TWIST
This record specifies the rotation axis direction and rotation angle used to rotate the section points.
XAXIS,YAXIS,ZAXIS - axis of rotation (col. 1-10, 11-20, 21-30)

The direction of the axis of rotation for twisting the section points, specified by a three component
direction vector in the panel coordinate system. The rotation is done about an axis passing through
the section thread point parallel to this direction.

The components of the direction vector may be treated like direction cosines, although the specified
vector is normalized by the program anyway.
TWIST - angle of twist (degrees) (col. 31-40)

The angle in degrees by which the section points are to be rotated about the rotation axis. The
positive sense of rotation is determined by the right-hand rule about the axis.

Example:

*234567890 12345678901234567890123456789012345678901234567890RULER

*

TWIST
*XAXIS YAXIS ZAXIS TWIST
0. 1. 0. 10.

This specifies a 10 deg. Rotation of the section points about an axis parallel to the panel Y axis and passing
through the thread point.

7.9 PROPELLER DATA

The propeller data (records R1-R4) begins with the first keyword PROPELLER, ending the panel
data. Each propeller specification must be preceded by this keyword. If record R1 is omitted, no propeller
effects are included and records R1-R4 are not read. A maximum of 8 propellers may be defined.

The propeller data is used by the program to alter the boundary conditions on the configuration
surface to reflect the presence of one or more propeller slipstreams that modify the local onset flow. The
onset velocity at all control points within a slipstream (upstream and downstream of the propeller plane)
will be augmented by the velocity induced at that point by the propeller acting as if it were in free space.
No account is taken of the interference effect of the configuration on the propeller. Note that there must be
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a sufficient control point density within the slipstream to properly reproduce the propelier effects (see
Figure 7-10).

The slipstream model is based on the propeller size, direction, applied thrust and torque and a
“cross-force” coefficient (modeling the lifting downwash effects from the cross flow on the propeller). The
propeller and its slipstream are assumed to rotate on an axis whose direction is specified in the global
coordinate system (Figure 7-9). The specification of propeller(s) affects only the flow conditions, not the
AIC or solution matrices, and have no impact on restarting the program.

The program does not caiculate any forces generated by the propeller(s) themselves, only their
effect on the configuration. Velocities calculated at survey points within a propeller slipstream will include
the slipstream velocity.

The propeller slipstream definition data is terminated by the keyword SURVEY, the end of file or
a blank line.

Propeller Data Keywords
PROPELLER - Initiates propeller definition
Record R1: PROPELLER - <KEYWORD>

This keyword indicates the beginning of each propeller slipstream specification. It must precede the
definition of each (nonimage) propeller. A maximum of 8 propellers may be defined.

Record Rla: XPROP,YPROP,ZPROP,ALPHAPROP,BETAPROP
This record specifies the location of the propeller center and the direction of the propeller axis.
XPROP,YPROP,ZPROP - coordinates of prop center (col. 1-10, 11-20, 21-30)

The global coordinates of the center of the propeller.
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ALPHAPROP,BETAPROP - direction of propeller axis (col. 31-40, 41-50)

These two angles define the direction of the propeller’s axis of rotation, referenced to the GCS (see
Figure 7-9). The direction of the propeller axis is independent of the free-stream angle of attack or
sideslip. The direction of the propeller axis determines both the positive direction of slipstream
rotation and the direction of the slipstream velocity (i.e., the propeller axis points in the direction in
which thrust is developed, and opposite to the direction of the slipstream axial velocity). For example,
a propeller producing thrust in the —X direction, rotating about an axis parallel to the X axis, would
be defined with ALPHAPROP = 0, BETAPROP = 0.

Record R1b: RPROP, DIR, PROPIMAGE

This record specifies the radius of the propeller, its direction of rotation and whether an image propeller
exists across the X-Z plane of symmetry.

RPROP - propeller radius (col. 1-10)
The radius of the propeller in the same units as the definition of the configuration geometry.
DIR - direction of propeller rotation (col. 11-20)

DIR = +1: positive direction of rotation (default)
DIR = —1: negative direction of rotation

This flag specifies the direction of rotation of the propeller. The positive direction of spin is defined
by the right-hand rule about the propeller axis (the direction of the propeller axis is defined by the
propeller angles ALPHAPROP and BETAPROP). See Fig. 4.8.1.

PROPIMAGE - propeller image flag (col. 21-30)

PROPIMAGE = 0: propeller has no image
PROPIMAGE = 1: propeller has an image (default)

This flag specifies that the propeller has an image propeller, reflected across the X-Z plane of
symmetry. The axis of rotation of the image propeller is defined by the reflection of the axis of the
defined propeller. The image propeller’s direction of rotation is reversed to preserve lateral symmetry
(if the image propeller is to rotate in the same direction, both propellers must be explicitly defined).

Record Rlc: CTHRUST, CTORQUE, CCROSSFORCE

This record specifies the non-dimensional coefficients for the thrust and torque applied to the propeller and
the cross-force coefficient controlling the downwash generated by the propeller. These values must be
determined from the results of other computations or from experiments. They should reflect propeller
parameters appropriate to the flow conditions specified.

CTHRUST - propeller thrust coefficient (col. 1-10)

The propeller thrust coefficient defined as the ratio of propeller thrust (force parallel to propeller axis)
to the area swept out by the propeller, per unit dynamic pressure (CTHRUST = THRUST/
(AREA*DYNAMIC PRESSURE) ).

CTORQUE - propeller torque coefficient (col. 11-20)
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The propeller torque coefficient defined as the ratio of propeller torque (moment about propeller axis)
to the area swept out by the propeller times the diameter of the propeller, per unit dynamic pressure
(CTORQUE = TORQUE/(AREA*DYNAMIC PRESSURE*DIAMETER) ).

CCROSSFORCE - propeller cross-force coefficient (col. 21-30)

The propeller cross-force coefficient defined as the ratio of propeller cross-force (force normal to
propeller axis) to the area swept out by the propeller per unit dynamic pressure ( CCROSSFORCE =
CROSSFORCE/(AREA*DYNAMIC PRESSURE) ). Note that the cross-force corresponds to the lift
and/or side force on the propeller and is zero when the propeller axis is aligned with the free-stream.
This parameter should be set based on propeller theory or experimental correlation.

7.10 SURVEY DATA

The survey data (records V1-V5) begins with the keyword SURVEY, ending the panel data or the
propeller data, and initiating the reading of records defining the flow survey locations. The flow survey is
optional, and is omitted if the keyword SURVEY is not present. The flow survey definition data is
terminated by the end of file or a blank line.

The user must be careful if the flow survey locations are near the configuration surface. This is
due to the constant strength doublet panels used on the body surface, which may induce unrealistic
velocities if survey points are placed closer than an element length of the surface. See Ref. 4 for additional
information on flow surveys.

Survey Data Keywords
SURVEY Initiates survey definition
POINT Precedes definition of survey points
PANEL Initiates survey panel definition
CONTROL Indicates contro} points as survey points
LATTICE Indicates lattice points as survey points

Record V1: SURVEY - <KEYWORD>

The keyword SURVEY indicates the beginning of the definition of flow survey points at which the
program is to calculate flow quantities. Any pending lists are terminated by this keyword.

The locations of the survey points may be specified in two ways.

1. The survey points may be defined by a list of arbitrary points. This option may be selected by entering
the keyword POINTS in the next record.

2. A survey grid may be defined by a survey panel. A survey panel is specified in the same way as a
configuration panel, taking advantage of the already established capability to generate surface grids of
arbitrary shape. This option may be selected by entering the keyword PANEL in the next record.
Either the control points or the lattice points of the survey panel may be selected as the survey
locations, by entering the keyword CONTROL or the keyword LATTICE in the record following the
PANEL keyword.
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The two methods of defining survey locations may be used in combination, with one limitation. The
keyword POINT, preceding a list of arbitrary survey points, can only be used once in the dataset and must
come before a PANEL keyword. In other words there can only be one list of arbitrary survey points and it
must come before any survey panels. As many survey panels as required may be defined, up to a maximum
of 25. The total number of survey points (including the points used by survey panel grids) may not exceed
1000.

Record V2: POINT - <KEYWORD>

This keyword precedes records specifying an arbitrary list of survey points. This list may be terminated by
the keyword PANEL or the end of file (or a blank line).

Record V2a: XSURV,YSURV,ZSURY (col. 1-10, 11-20, 21-30)

This record contains the global coordinates of points at which flow quantities are to be calculated. One
point is entered per record, up to the maximum of 1000 survey points. Survey points should not lie on or
very close to the surface of the configuration.

Record V3: PANEL - <KEYWORD>

This keyword initiates the definition of a survey panel. The survey panel is defined in the same way as a
normal body panel, with the addition of another keyword. The choice of control points or lattice points as
the survey points is determined by the keyword entered on the following record.

Record V4: CONTROL - <KEYWORD>

This keyword precedes the definition of a survey panel whose control points (center points) form the
survey points. The survey panel is then defined in the same way as any other panel, using records P2-P9
and S1-S13. Panel parameters which are meaningless may be defaulted or entered with zeros. The number
of survey points defined by the panel is the same as the number of control points in the panel (NJ x NK
points).

Record V5: LATTICE — <KEYWORD>

This keyword precedes the definition of a survey panel whose lattice points (corner points) form the survey
points. The survey panel is then defined in the same way as any other panel, using records P2-P9 and S1-
S13. Panel parameters which are meaningless may be defaulted or entered with zeros. The number of
survey points defined by the panel is the same as the number of lattice points in the panel (NJ+1xNK + 1
points).

7.11 EXAMPLE DATASETS

Four example datasets are presented in this section to illustrate the input dataset structure to
QUADPAN. The first two datasets pertain to a very simple wing and demonstrate the use of rectangular
sections and the respacing options. The third dataset contains an example of the use of cylindrical sections.
The final dataset illustrates additional program capabilities on a more complex wing/body/fin
configuration.
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7.11.1 Example 1 — Rectangular Wing

The first example is a simple symmetrical cross section wing of rectangular planform, as
illustrated in Figure 7-11. The wing aspect ratio is 2.0 with a chord of 1.0 and a 20% thickness/chord ratio.

This example illustrates the layout of the model geometry into panels and sections, and the
assembly of that information into QUADPAN format. This dataset does not contain any transformations or
respacing information, so the corner points of the resulting mesh are identical to the points which are input.
The defined lattice will be far too crude to use, but will be respaced to more reasonable density in the next
example. '

The dataset is listed in Figure 7-13, and is shown with record numbers in columns 72-80 for
instructional purposes. These are not used by the program and are not included in actual datasets.
Comments have been used liberally to label fields in the input data, and are recommended for all datasets.

7.11.1.1 Model Layout -

One of the first things that must be done in order to create a QUADPAN model is panel layout.
Referring to the drawing of the wing, the basic logic goes as follows:

e The configuration is laterally symmetric, so only the right side will be modeled and image panels will
be used to represent the left side.

e In order to eliminate holes in the geometry, the wingtip will be closed by a simple flat closure.

e In order to have the wing produce lift a vortex wake, whose forward edge is coincident with the wing
trailing edge and whose aft edge is far downstream, will be used.

e The presence of the wake panel at the trailing edge dictates that the wing must have panel edges at the
trailing edge (panels must only abut at their edges). In addition, the wing will be made up of upper and
lower surface panels to simplify the arrangement of the elements and strips of elements in the output.

7.11.1.2 Global Data -

The first section of the QUADPAN dataset is the global data, consisting of records G1-G5. The
first record is the case title, which should be descriptive of the geometry. In the case of restarts, this
information cannot change from run to run. The next record is the run ID, describing the flow conditions,
or additional data about the run. The Mach number for this case is 0.2 and run flags are set to give a check
run with all printout and a dump file. The abutment parameters are set to give an absolute matching
tolerance of 0.002 for the panel abutment search. This value is somewhat large considering the size of this
wing (X,Y,Z are all of order 1.0), but is sufficient for the sparse paneling used.

The reference quantities for this case are given in record G4, including the wingspan (which is 2.0
for the full wing) and the moment reference center (which has been placed on the quarter chord. The two
flow conditions to be analyzed (after check runs are done and the run flag is changed to 1) are angles of
attack of 0.0 and 5.0 degrees.
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7.11.1.3 Defining The Geometry —

Four panels will be created to represent this geometry. These are shown in Figure 7-12.

Panel 1- Upper Wing (from centerline to tip)

Panel 2 - Lower Wing (from centerline to tip)

Panel 3 — Wing Tip Closure (closes off tip)

Panel 10 - Wing Wake (with Kutta condition at wing T.E.)

The panel ID numbers may be selected by the user to aid in panel identification. In this case panel
ID numbsers 1-3 will be used for the wing and tip panels and panel ID number 10 will be used for the wake
panel.

Panel 1 — Upper Wing

Each panel definition begins with the keyword PANEL, followed by the panel ID number and
title. The next record (P2) selects the type of boundary condition, exterior surface, disposition of forces and
existence of an image for the panel. In this case, the TYPE is set to 0 for a body panel with a hydrodynamic
boundary condition (no flow through the surface). The WET flag is set to 1 so that the panel “positive”
surface will correspond to the exterior surface. The FORCE and IMAGE flags are set to include panel
forces into the total forces and to generate an image panel across the plane of symmetry.

The panel geometry can be input in several ways, but the most convenient method is to describe
the panel such that the elements will be grouped into chordwise strips (leading edge to trailing edge) going
from root to tip. In this case, with only one spanwise element, the latter distinction is lost, but example 2
will expand on this. This grouping is purely a function of the ordering of the input points and is only for
the purpose of arranging the program output into a convenient form.

To group the elements in this fashion, the panel geometry will be described with chordwise
sections. Two sections are needed to describe the wing panel — one at the centerline root, and one at the tip.
This is illustrated in Figure 7-12. The keyword SECTION is used to start the section definition, along with
the keyword RECT to indicate that a new section is being input in X, Y, Z coordinates. The three points

- used to describe the section are simply the lattice points on the upper wing running from leading edge to

trailing edge along the centerline (Y = 0). The second section consists of the corresponding points at the tip

(Y =1.0).

The two sections define the K and J directions for the panel (see Fig. 4.10). The K direction
always goes in the direction of the points in the section, while the J direction always runs from first to last
section. The panel “positive” surface is defined by the cross product of the K and J directions, and

corresponds to the exterior surface for WET = 1. Since this is indeed the exterior surface, the choice of
WET =1 is correct.
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Panel 2 - Lower Wing

This panel is described in an identical fashion as the upper wing panel to put the strips and
elements in the same order. As can be seen in Figure 7-12, the panel “positive” surface, defined by the
cross product of the K and J directions points upwards. This is incorrect — the exterior surface for this panel
is the lower surface. The correct outward surface is selected by setting WET = -1, informing the program to
use the opposite surface for the exterior.

Panel 3 — Tip Closure

The tip closure panel is described by two sections, corresponding to the outboard section of the
upper wing panel and the outboard section of the lower wing panel. The panel “positive” surface, given by
the cross product of the K and J panel directions, or the direction of the 1234 panel edge order, corresponds
to the exterior surface. The choice of WET = 1 is correct for the tip panel.

Panel 10 - Wing Wake

The wing wake panel uses an ID number of 10 to distinguish it from the body panels (this can be
convenient in large datasets, to identify wake panels with a different set of numbers for clarity). The wing
wake panel is used to enforce the Kutta condition on the wing by placing one of its edges coincident with
the trailing edge. Any of the four edges of the panel could be used for establishing the Kutta condition, so
long as the TYPE specifies the edge to be used. In order to keep the wake panel sections streamwise (for -
our convenience, to match the other panels) a TYPE = 4 will be used for this panel. In this case edge 4,
corresponding to the first point in each section, wiil be placed at the wing trailing edge. The opposite edge
of the wake will be placed 100 semispans downstream to avoid interference with the lifting wing. The
wake panel is described by two sections, a centerline section and a tip section. Each section consists of one
point on the wing trailing edge and another point at the aft edge of the wake.

The panel WET for a wake does not strictly need to be set, as a wake is wetted on both its
“positive” and “negative” surface and the program will hook everything up correctly regardless of how
WET is input. The WET flag does control the sense of positive GAMMA (the doublet strength) that comes
out of the program, and can be set to give positive GAMMA for positive lift if the panel “upper” surface
(as set by (K x J) and WET) corresponds to the direction of positive lift. This is a matter of convenience
only.

7.11.2 Example 2 — Rectangular Wing With Respacing

The second example is based on the same symmetrical wing with rectangular platform used in
example 1, as illustrated in Figure 7-15. The purpose of the second example dataset is to illustrate the use
of panel respacing, repeated sections, and section transformations.

The layout of the model geometry is identical to the previous example and will consist basically of
the same panels and sections. The difference between these datasets is that the QUADPAN panel respacing
options have been used in example 2 to make a denser lattice of elements form the same geometry data. In
this case, the lattice will be respaced to give:

e  Three equally spaced elements spanwise on the wing.

» Five cosine spaced elements chordwise on the wing. This concentrates elements toward the leading
and trailing edges. '
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This lattice is still not sufficiently refined for accurate analysis, where normally at least 8 elements
should be used to define one side of a lifting surface.

The dataset is listed in Figure 7-16, and is shown with record numbers in columns 72-80 for
instructional purposes. These are not used by the program and are not usually included in actual datasets.
Comments have been used liberally to label fields in the input data, and are recommended for all datasets.

7.11.2.1 Model Layout -

The basic layout of the model is unchanged form the previous example. Four panels are used to
represent the wing upper and lower surface, the tip closure, and the wing wake, The difference for this
dataset is that panel respacing must be added to create a denser lattice from the sparse input geometry. It is
important that all adjacent panel edges have the same number and distribution of elements. This matching
of elements at panel edges is done to avoid holes in the model, and to maximize the accuracy of the
analysis. It is also particulary important that the spacing of elements on the wing wake match the elements
on the wing at the trailing edge. In addition, the respacing applied to the wing upper and lower surfaces
must be done such that the lattice elements on the upper and lower surfaces near the trailing edge be
~ identical (or nearly identical) in size. This is done to maximize the accuracy of the Kutta condition.

With only four panels to consider, this matching of elements at panel edges is simple. Since the
points used to define the geometry match exactly at panel edges, all that is necessary is that the respacing
used must agree in number and distribution.

7.11.2.2 Global Data —

The first section of the QUADPAN data set shown in Figure 7-16 is the global data, consisting of
records G1-GS. This is the same information as provided for the first example dataset, except that the case
title has been changed to reflect the updated geometry. The run flag has been changed to 1 to run the flow
analysis.

7.11.2.3 Respacing the Geometry

The same four panels from example 1 will be used to represent this geometry. These are shown in
Figure 7-12.

Panel 1 ~ Upper Wing (from centerline to tip)
Panel 2 — Lower Wing (from centerline to tip)

Panel 3 -~ Wing Tip Closure (closed off tip)
Panel 10 — Wing Wake (with Kutta condition at wing T.E.)

Panel 1 — Upper Wing

The panel definition for the upper wing is identical with that in the previous example with the
exception of the JSPACE and KSPACE panel respacing specifications (records P8, P8A, and P9, P9A).
These have been added to the panel definition immediately prior to the first SECTION keyword.
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As discussed above, panel respacing will be used on the wing to obtain three elements equally
spaced spanwise, and five elements cosine spaced chordwise. Since the directions spanwise and chordwise
have no direct meaning in QUADPAN, where a panel can be described in a number of different ways, the
user must first decide what spacing must be applied along the J and K panel directions. In this case
spanwise corresponds to the J panel direction, and chordwise to the K panel direction (see Figure 7-12).

The optional keywords JSPACE and KSPACE are used to respace the panel. The spacing
distribution for the J direction is specified to be 0. for equal spacing spanwise, and the spacing distribution
for the K direction is specified to be 1 for cosine spacing chordwise (actually this gives cosine spacing
based on arc length along the wing surface).

The respaced panel is shown in Figure 7-15. Notice that the wing no longer has a diamond cross
section, instead it has a smooth parabolic surface. This is due the respacing process, where a spline curve
has been fit through the input points to generate the respaced points. If it was desired to preserve the
diamond cross section of the wing, a break point should be specified for the middle point in each wing
section to permit a slope discontinuity there.

Panel 2 - Lower Wing

The lower surface panel is defined in a similar manner as it was the first example dataset, except
that a repeated section is used to obtain the tip section by transiation of the root section. In addition panel
respacing has been specified for both the K and J panel directions to match the upper wing panel defined
above. This respacing has been done differently from that used for the upper wing to illustrate the use of
spacing intervals.

Looking at the lower wing panel definition in Figure 7-16, the first section is the same as that used
in the previous dataset, except that section respacing has been specified by placing a 5 in the fifth field and
a 1 in the sixth field of the record containing the first point in the section. This specifies that a spacing
interval start with this point and that five elements be respaced in this interval using a cosine spacing
distribution. The spacing interval extends to the next spacing interval specification, of to the end of the
section. In this case, there are not further specifications so the interval goes to the end of the section.

The first section ends with the keyword, AT, which is used here to specify respacing in the J
direction (from section to section). The AT keyword is normally used to define translation of the section
points by moving the thread point (which defaults to the origin of the section coordinates if no THREAD
keyword and coordinates are given) and the section points to correspond to the point specified by the AT
keyword. In this case, since AT specifies (0.,0, 0.), no translation is done. The 3 in the fifth field and the 0.
in the sixth field of the AT specification defines the beginning elements will be respaced with equal
spacing distribution. The J respacing interval extends to the next specified interval or the last section, as it
does in this case.

The second section is specified using a repeated section. This is done by omitting the keyword
RECT or CYL and the section points. The previous section definition will be used, including all respacing
information for the K direction. In order to move the previous section definition, which was defined at the
wing root, the AT point for this section specifies that the sectlon thread point (the origin, by defauilt) be
moved to the leading edge of the tip (0.,1.,0.).

Panel 3 —- Tip Closure
As in the first example dataset, the tip closure panel is described by two sections, one from the
outboard section of the upper wing panel and one from the outboard section of the upper wing panel and

one from the outboard section of the lower wing panel. For this example the tip panel will remain a simple
closure panel, and little or no detail of the tip flow is desired. In this case, only respacing in the chordwise
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direction is necessary. Since the chordwise direction corresponds to the K direction, this is done by adding
the keyword KSPACE, and respacing with five elements using a cosine distribution.

Panel 10 — Wing Wake

The wing wake panel is identical with the wake panel in the first example with the addition of a
respacing specification in the J direction. The elements on the wake must match the upper and lower
surface wing elements to establish the Kutta condition on the wing trailing edge. Since the trailing edge of
the wing corresponds to edge 4 on the wake, running in J direction, the keyword JSPACE is used to

respace the wake panel, Respacing is specified to put three elements with equal spacing across the width of
the wake panel.

RECTANGULAR WING (SYM. SECTION) 5/12/83 WITH RESPACIN
AZIMUTH: = -50.0 ELEVATION = 30.0 G EXAMPLE 2

Figure 7-15 Rectangular Wing With Respacing
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Figure 7-16 Example 2 Dataset (1 of 2)
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Figure 7-17 Example 2 Dataset (2 of 2)
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7.11.3 Example 3 — Cylindrical Fuselage

The third example is a fuselage-like body of revolution consisting of a cylindrical center section
with ellipsoidal fore and aft bodies. The ellipsoidal ends are each half of an ellipsoid whose
length/diameter ratio is 2:1. The configuration is illustrated in Figure 7-18. The purpose of this example
dataset is to illustrate the use of cylindrical section to define panels.

The dataset is listed in Figure 7-20, and is shown with record numbers in columns 72-80 for
instructional purposes. These are not used by the program and are not usually included in actual datasets.
Comments have been used liberally to label fields in the input data, and are recommended for all datasets.

7.11.3.1 Model Layout —

The first decision to be made in model layout for this (or any) configuration concerns the use of
symmetry. In this case, the fuselage is laterally symmetric, so only the right side will be modeled. Image
panels will be used to represent the left side.

The fuselage geometry could be modeled in several ways:

e  As three panel - a forebody, a centerbody, and an aftbody. This has the advantage that, if respacing is
desired, the centerbody shape and lattice loctions are not affected by the splines and spacing
distributions used to represent the forebody and aftbody. The disadvantage of this model is that the
dataset is longer.

®  As one panel — the forebody, centerbody, and aftbody are all combined into one panel. In order to
preserve control of the shape and lattice spacing, break sections and spacing sections could be used.
This has the advantage that it produces a shorter dataset.

For this example, the single panel representation will be used. The lattice spacing for this case will be
selected so respacing gives: ' :

e  Six equally spaced elements around the right half of the circular cross section.

e A spacing distribution along the length of the body that gives six elements on the forebody
(concentrated near the nose), four elements equally spaced on the centerbody, and six elements on the
aftbody (concentrated near the aft end).

This element distribution should give reasonably accurate results for this geometry.

7.11.3.2 Global Data -

The global data for this dataset is similar to that for the first two examples, consisting of records
G1-G5. The case title has been changed to be descriptive of the fuselage geometry. This case is set up for
incompressible flow (MACH=0.) and the run flags are set to give a geometry generation run with
minimum printout and a dump file. This run configuration should be used initially to validate the dataset in
conjunction with the plotting utility. The abutment parameters are set to give an absolute matching
tolerance of 0.002 for the panel abutment search.
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The reference quantities for this case are given in record G4. The frontal area has been used for
the reference area, and 1.0 for the remaining reference quantities. The moment reference center has been
placed at the center of the fuselage. A single flow condition is specified — an angle of attack of 0.0 degrees.

7.11.3.3 Defining The Geometry —

As discussed above, a single panel will be created to represent the fuselage geometry. The
completed mesh is shown in Figure 7-19 and the dataset is illustrated in Figure 7-20. A large explanatory
comment has been used in the dataset for documentatlon This can be helpful, especially when the paneling
or spacing is difficult to follow.’

2:1 ELLIPSOIDAL ENDS\
0.5 1.0 0.5
2.0

0.5 DIA. =

AXIS

GEOMETRY OF CYLINDRICAL FUSELAGE

REPEATED SECTION
AT (0., 0., 0.)

~S—R = 0.25
Y

LAYOUT OF SECTIONS

Figure 7-18 Cylindrical Fuselage
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CYLINDRICAL FUSELAGE WITH ELLIPSOIDAL ENDS 5/712/83

EXAMPLE 3
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Figure 7-20 Example 3 Dataset (1 of 3)
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Figure 7-21 Example 3 Dataset (2 of 3)
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Figure 7-22 Example 3 Dataset (3 of 3)
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The panel definition begins with the keyword PANEL, followed by the panel ID number and title.
The following record selects the boundary condition, exterior surface, disposition of forces, and existence
of an image for the panel. In the case, the TYPE is set to 0 for a body panel with an impermeable boundary
condition. The WET flag is set to —1 to obtain the proper exterior surface. The FORCE and IMAGE flags
are set to include panel forces into the total forces and to generate an image panel across the plane of

symmetry.

Since the fuselage cross section is circular throughout the body, two things can be done to
simplify the dataset. First, cylindrical section definitions can be used. This has the advantage that, due to
the special properties of cylindrical section, only two points need be input to describe a circular cross
section. In this case, the points correspond to the end points of the half circle. The second thing that can be
done is to represent the body with repeated sections, scaled and transiated from the first circular cross
section definition. This is done in the dataset, where the first cross section is entered with a radius of 0.25,
corresponding to the maximum radius on the fuselage. This section is scaled down to a zero radius for the
nose section, and again scaled and translated to obtain all succeeding sections back to the aft end of the
body. See Figure 7-18. Each scaling is independent of the prevnous scalings, operating only on the basic
section definition with a radius of 0.25.

In order to respace the forebody, a spacing interval in the J direction has been specified starting
with the first section. This has been done by placing a 6 in the fifth field an a 2. in the sixth field of the AT
specification of the section. This indicates that, in the is spacing interval which runs from the first section at
X=0. to the section at X=0.5, six elements will be placed in a sine distribution which concentrates element
near the first section (the nose).

The section at X=0.5 contains a break specification as well as another spacing interval. The break
specification for this section is to force the splines used for respacing in the J direction to give straight lines
on the centerbody. The spacing interval specification ends the forebody spacing interval and begins a
spacing interval that puts four equally spaced elements along the centerbody. The section at X=1.5 contains
a break specification, ends the centerbody spacing interval and begins the final spacing interval along the
aftbody. The spacing for the aftbody is symmetrical to the spacing used on the forebody. Again, six
elements have been specified, but this time a —2. distribution has been used, to concentrate elements near
the last section (the aft end).

Respacing around the circular cross section is done using the KSPACE keyword. Six elements,
using and equal spacing distribution, have been specified.

As can be seen in Figure 7-18, the panel “positive” surface, defined by the cross product of the K
and J directions points inwards. This is incorrect, and the correct outward surface is selected by setting
WET=-1, informing the program to use the opposite surface for the exterior. The completed surface mesh,
after respacing is shown in Figure 7-19.

The only disadvantage of this choice of panel definition is that the sections are defined around the
body in “hoops,” ordering the elements in the output in the same fashion. This could be somewhat of an
inconvenience if the pressure distribution along the body is the subject of the analysis. The alternative way
to define the body, with sections running along the length of the body from nose to tail, has the
disadvantage that cylindrical sections can no longer be used. In this case, a number or rectangular section
“stringer” would have to be defined at various circumferential angles to ensure that the cross section is
circular.
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7.11.4 Example 4 — Fuselage, Wing, and Tail

This example is a typical, although brief, dataset which describes a complete configuration. It
represents the sort of dataset which the user will encounter in practice. A given configuration can be
described in a variety of different ways because of the flexibility of the QUADPAN input package. The
dataset in this example is intended to illustrate a wide range of input features. Therefore, some portions of
the configuration could have been defined as easily without using all the features which have been used.
The user should remember that the panel and section scaling, translating, and rotating features have been
provided for convenience when a configuration has been defined in multiple reference frames. In many
practical situations, complex models can be constructed without using any of these features.

The configuration on which this example is based is shown in Figure 7-23 and has the following
characteristics:

e The wings and fin have identical symmetric biconvex sections and have zero thickness at the tips.
e The fuselage is a circular cylinder with a conical nose.
o There is a short boattail which tapers to the diameter of the exhaust.

Since the configuration is symmetric across the X-Z plane, the géometry will be defined by only
explicity enterig the right hand side. The use of symmetry will also save large amounts of computer time
when running the case.
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Figure 7-23 Complex Test Case
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Figure 7-24 Definition Wing/Body Intersection
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7.11.4.1 Model Layout -

As a result of the options available to do geometry generation with QUADPAN, there are many

possible arrangements of panels that may be used to represent this configuration. The arrangement used in
this example is based on the following considerations:

The wing and fin are most conveniently modeled as separate panels because the direction of the
sections which are convenient for defining them is different from the section direction which is
convenient for the fuselage.

The need to have wakes attached to the trailing edges of the lifting surfaces suggests that the wings
and fins be separate surfaces. In addition, the upper and lower surfaces of the wing are separate panels
because that is how the wing sections are defined.

Since the vertical fin is on the plane of symmetry, only the right hand side is explicitly defined, with
the left hand side generated as its image panel.

The fuselage is most easily treated by separating the wing junction region from the forebody. In this
way the entire forebody can be generated from one panel using a spacing interval to ensure element
contiguity between the forebody and midbody. The midbody must necessarily be constructed as
separate upper and lower panels since the cutout for the wing would be prohibited in a single panel.

The fuselage aft of the wing must be divided into upper and lower panels so that the side edges of the
wing wake can abut panel edges. This is essential for the correct calculation of the velocity on the side
of the fuselage. Note that this is a situation in which no other panel arrangements are possible because
the wake panel must abut other panels only at panel edges. Since the fuselage adjacent to the wing is
also divided into upper and lower panels it is natural to combine the aftbody with the wing junction
region so that one panel describes the upper half of the body aft of the leading edge and another
describes the corresponding lower half of the body. The panel must have two spacing intervals with a
break at the trailing edge of the wing root to force the elements on the wing, midbody, and aftbody to
be continguous even though the panel boundaries are not. This is an example of using one panel with
spacing ranges instead of several panels.

The exhaust is modeled with a force free solid body. This has been broken into upper and lower panels
like the aftbody so that accurate force data could be obtained on the exhaust plume if desired.

The partitioning of the configuration into panels is shown in Figure 7-24.

7.11.4.2 Defining the Geometry —

As a result of this panel layout, ten panels have been used to represent this configuration:

Panel 1 - Forebody

Panel 3 - Upper Midbody
Panel 4 - Lower Midbody
Panel 5 - Upper Wing
Panel 6 - Lower Wing
Panel 7 - Wake for Wing
Panel 8 - Vertical Fin
Panel 9 - Vertical fin Wake
Panel 20 - Upper Plume
Panel 21 - Lower Plume

189




MODEL VIEWED FROM UPPER FRONT QUARTER

MODEL VIEWED FROM LOWER AFT QUARTER

Figure 7-25 Mesh for Test Case
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MODEL GEOMETRY W/O WAKES

MODEL GEOMETRY WITH WAKES

Figure 7-26 Wake Geometry

191



Panel 1 - Forebody

Since the forebody is a body of revolution, it is most conveniently modeled using a series of
cylindrical sections. The sections are translated to appropriate positions with AT points. Since only two
points define a circle using cylindrical coordinates, this option is very convenient for bodies of revolution
or shapes which are nearly bodies of revolution. Because the panel is defined using azimuthal sections, the
K direction is azimuthal, and the J direction is longitudinal.

To ensure that the elements in the forebody panel will be contiguous with the elements on the
upper and lower midbody, a spacing interval in the K direction is used. In the last section of the forebody, a
third point at THETA = 0., defines the point which separates the upper and lower midbody panels at the
leading edge of the wing. This point is a spacing point so that it will be an element corner point. The
spacing information in the section definition overrides the spacing information following KSPACE, but the
total number of elements must be the same.

A spacing interval in the J direction has been used to produce the shoulder between the conical
nose and the cylindrical body. Specifiying JBREAK = 1 puts a break in slope of the interpolated curve but
does not force the mesh to have a slope discontinuity at the desired point since the mesh might straddle the
breakpoint. Only by requiring that the shoulder be both the end of a spacing interval and a break point is
the mesh forced to duplicate the shoulder.

Panel 3 - Upper Midbody

The midbody is comprised of upper and lower panels. The side edges of the upper body are
contoured for the intersection with the fin and upper wing surface. The lower body is contoured to form the
intersection with the lower wing surface.The wing/body junction in this example is specified in the
drawing. It is frequently the case that the geometrical information provided to describe the configuration is
insufficient to define these intersections. The user should then make reasonable geometric approximations
to generate this data.

Since the midbody is a body of revolution, it is most conveniently defined with azimuthal
sections. The penalty for this is that a section must be provided for each point used to define the wing root,
so that the definition of the side edge of the body is identical to the definition of the wing root. If this is not
done, the elements on the wing will not precisely abut the elements on the body. The same requirement
applies to the fin/body intersection. Defining the midbody with longitudinal sections eases that problem but
is inconvenient because the body is not described with longitudinal sections so these would have to be
generated manually. .

The upper midbody is defined with cylindrical sections at the locations where the wing and fin
roots are defined. The end points of each section are the points used to define the wing and fin, transformed
into the polar coordinate system used to define the body. Consider first the upper midbody panel. The
lower edge of the panel abuts the upper wing surface over part of its length and the lower midbody panel
for the remainder of its length. To make the elements along the adjacent edges contiguous, the intersection
of the trailing edge of the wing and the body is explicity defined as the end of a spacing interval. The 8
clements ahead of this point will be contiguous with the 8 elements on the wing and the 2 elements
specified aft of this point will be contiguous with elements on the lower midbody panel. To make the
elements contiguous, the spacing as well as the number of elements must be consistent on the adjacent
panels. Therefore, cosine spacing is used in the first spacing interval (JSPACE = 1) to match the wing, and
equal spacing (JSPACE = 0) in the second to match the lower midbody panel.

The root trailing edge point must also be specified as a break point because the upper wing surface

and lower midbody are separate panels so that there is a slope discontinuity between them. If this slope
discontinuity were not preserved on the upper midbody, the definition of the edge of the upper midbody
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would not be identical to the definition of the edge formed by the upper surface and the aft part of the
lower midbody. This would resuit in a mesh with gaps.

Scaling parameters following the keyword SCALE are used to produce the decrease in body
diameter at the aft end of the fuselage.

Panel 4 — Lower Midbody

The same considerations apply to the lower midbody panel as to the upper midbody panel. The
definition of the lower midbody panel differs from that of the upper midbody panel in that locater points
are used. The use of locater points is entirely optional and the configuration in the present example could
have been easily modeled without them. This would have been accomplished by defining the lower
midbody panel in the same way as the upper midbody panel, but with the section definitions revised to
describe the lower quadrant of the body.

The illustrative use of locater points in this example exploits the fact that the fin root section is
identical to the wing root section. The lower midbody panel can, therefore, be constructed by rotating the
upper midbody panel 90 degrees around the X-axis, and replacing the contour for the wing intersection
with a straight line. In this way, the cutout of the fin on the upper midbody panel becomes the cutout for
the lower surface of the wing on the lower midbody panel.

The first step in defining the lower panel is to start with the upper panel but remove the cutout for
the wing. The section definitions in the lower panel are identical to the section definitions in the upper
panel except that edge 3 (the edge which abuts the wing surface) is at THETA=0, RADIUS=10. The AT
points have been removed because the transiation they performed can be done with the locater points.

The use of locater points in this example involves starting with the upper midbody panel and
locating it on the vehicle by selecting three points on the panel as it is defined and specifying the location
of these three points in the global coordinate system. Imagine starting with the upper midbody panel
defined without AT points so that the forward edge is at X=0, rather than at X=160. The point which is at
the wing root leading edge is mapped to the desired location of the forward lower corner of the lower
midbody panel. This is at X,Y,Z coordinates 160,0,-10. Next the corner of the upper midbody panel at the
wing root trailing edge is mapped to the desired location of the lower aft comer of the lower midbody
panel (coordinates 200,0,-10). Since the length of the line connecting these two points in panel coordinates
is equal to the length of the line connecting these two points in global coordinates, no stretching is done.
The last step is a rotation about the line connecting these two points in global coordinates until the plane
defined by all three points in panel coordinates maps onto the plane defined by all three points in global
coordinates. The third point is selected to be the upper forward corner of the upper midbody panel. The
“desired orientation of the lower midbody panel is obtained by mapping the plane formed by the lower
forward comer, lower aft corner, and upper forward comer of the upper midbody panel onto the lower
forward corner, lower aft corner, and upper forward corner where the lower midbody panel is to be placed.
This is accomplished by selecting global location of the third point to the upper forward comer of the lower
midbody panel (coordinates 160,10,0).

Many other choices of locater points could have been used to produce the same positioning of the
panel. While the locater points used in this example are on the panel this need not be so in general. Also the
three points in panel coordinates all mapped onto the points specified in global coordinates. In general only
the first two points specified map onto corresponding points in both coordinate systems.

All spacing interval and breakpoint considerations which apply to the uppei' midbody panel apply
to the lower midbody panel.
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Panels 5,6, and 7 - Wing Group

The upper and lower surface of the wing are separate panels which are defined using identical
techniques. Each panel is defined with two sections, one at the root and one at the tip. AT points are used
to locate the sections in global space, with SCALE parameters used to establish the chord length and
thickness. The root section is a nonplanar space curve which describes the intersection of the wing with the
circular body. After translation with the AT points has been done, the points are identical to the points used
to describe the side edge of the portion of the upper midbody panel which is adjacent to the wing. The
points are expressed in rectangular coordinates here, whereas they are expressed in cylindrical coordinates
in the definition of the body panel.

In order to generate contiguous elements at the wing/body intersection, the number and spacing of
the elements must be identical in adjoining parts to the two components. The wing is defined with
longitudinal sections so that the K direction runs fore to aft. The body is defined with sections in the
azimuthal direction so it is the J direction of the body panel which runs fore to aft. Therefore, the K spacing
of the wing must match the J spacing of the body. The flexibility of panel orientation in QUADPAN means
that any edge of one panel can abut any edge of another panel. Hence, care must be taken to determine the
J and K directions on each panel so that the spacing of adjoining panels can be made compatible.

The wing wake is defined as a panel with sections at the root and tip. Edge 4 of the wake abuts the
trailing edge of the wing, so the wake is a TYPE 4 panel. This edge of the wake must be defined with
exactly the same set of points used to define the trailing edge of the wing so that precise alignment of the
wake with the wing is obtained.

The inboard edge of the wake conforms to the side of the fuselage, and is spaced to be compatible
with the fuselage so that the abutment will be found. See Figure 7-26. The pressure on the fuselage will be
incorrect if this is not done. The side edge of the wake adjoins both the aft portion of the midbody panels
and the body which is used to simulate the exhaust plume. The first spacing interval is used to match the
wake to the aft spacing interval in the upper and lower midbody panels. The next two spacing intervals
match the wake to the two spacing intervals on the body which models the exhaust, and the final spacing
interval extends the wake a large distance downstream.

Spacing intervals on the outboard edge of the wake are provided to deep the elements on the wake
from becoming too highly skewed. Instead of duplicating the spacing intervals used on the inboard edge on
the outboard edge, the intervals over boattail and the exhaust plume were combined into one interval and a
fractional spacing was used to produce reasonably shaped elements. The fractional spacing used here is a
combination of sine and equal spacing.

Panels 8 and 9 — Vertical Fin Group

The construction of the vertical fin is identical to that of the wing. The panel coordinate system
has the same orientation as the global coordinate system since locater points are not used. Therefore, the
thickness of the fin is produced by nonzero values of the Y coordinate in the section definitions. The points
defining the root section, the number of elements and the spacing must all match the adjoining part of the
midbody to produce a mesh with contiguous elements. AT points are used to translate the sections to the
correct locations and the SCALE keyword is used to scale the tip section to obtain the correct chord.

The vertical fin wake (see Figure 7-26) is defined in essentially the same fashion as the wake for
the wing. Whereas the wake for the wing is defined entirely in global coordinates, the fin wake is defined
with AT points. This is entirely for illustrative purposes.

It is important to notice that the wake for the vertical fin has an image even though it lies on the
plane of symmetry. See Figure 7-27. Any wake which is on the plane of symmetry should have an image

194




of the rest of the panels in the configuration have images. While the program would run and give correct
answers if IMAGE were set to zero, about four times as much computer time would be used.

Panels 10 and 11 — Exhaust Plume

The exhaust plume consist of upper and lower panels. The panels have TYPE set to 0 because
they have hydrodynamic boundary conditions associated with them. The parameter FORCE is set to 0 so
that these panels do not contribute to the total forces and moments.

The geometry of these panels is developed in the same way as the upper midbody panel. Upper
and lower panels were used so that the program would include the wake from the wing in calculating the
pressure on the body. Since the forces produced by these panels are not used this is not critical. However,
the forces on the panels may be of interest in assessing the validity of the model, in which case establishing
the abutment with the edge of the wake is important.
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SIHIE 36 3595 36 3636 36 36 16 36 36 36 36 3636 36 26 36 36 3036 36 06 36 360636 3636 16 3636 36 3636 I-3EIE36-36 36363636 363636 36 36 36 3636 3606 3636 3603636606 36 363530696 3¢
CCMPLEX TEST CASE, EXAMPLE 4 (7/29/83) MACH 0.4

ALPHA SWEEP, MO DEFLECTIONS, NO PERMEABILITY

V6063046 3636 36 36 36 3638 36 D636 36 36 36 36 36 36 36 3536 36 3636 36 063696 36 36 36 36 IV 36 36 3006 36 36 36 3636 363636 3 36 36 36 3636 36 606 360636 3436 36 3636 36 360636396
*

¥MACH RUN PRINT puMp ABSTOL RELTOL

-4 1 0 0 .001 .1
»

# REFEREHCE DATA

#SREF CBAR WSPAN XBAR YBAR ZBAR
2666. 35.111 80. 171.222 0.

»

% FLOW CONDITIONS

#ALPHA BETA OMEGAX OMEGAY OMEGAZ VINF
0.

4.

8.

*

0000026 06.35-06-06 36 3636363636 3636 16.35-06 96.35.30 16.35-3636.36 30 36063036 00633 36 36 36 06 30-96-06-6 36 3 36 36 366 36066 3 20606
THIS DATASET DESCRIBES A CYLINDRICAL FUSELAGE WITH

A CONICAL FORECODY, CENTERLINE FIN AND SYMMETRICAL
HING.

ONLY HALF THE BODY IS DEFINED.

THE NOSE OF THE BODY IS LOCATED AT THE POINT
(100,0,0) IN THE GLOBAL COCRDINATE SYSTEM.

FEUHEI26 063635360635 3.36.06 36-36.36 36 16 360616 3616 46 56 06000 363030 3606 2636 3606 3636 00 0 8 36 36 1636 D0-00-06.06-3 063600 0608
»

»

*

1600060606020 05 0.0 0 6 6 0600 060506.06-06-0606 363036 9036-06-36-3636.06 360006260606 06360 -0 3600 0 064 266
* FOREBODY PANEL

* K K K X & X

* THIS PAMEL EXTEHDS FROM THE NOSE TO THE ROOT

» OF FIN AND HWING.

PANEL

1. FOREBODY

*TYPE WET FORCE IMAGE

°. -1. 1. 1.

*

KSPACE

MK KSPACE

8. 0.

*

SECTION

RECTANGULAR

»X Y z KBREAK MK KSPACE
e. °. 0.

AT

(T YT zr JBREAK  NJ JSPACE -
100. o. o. 4. 2.

*

SECTION
CYLIKDRICAL
XAXIS
#THETA  RADIUS X KBREAK MK KSPACE
90. 10.00 8. 0.
-90. 10.00

AT

XT 44 zr JBREAK  NJ JSPACE

Figure 7-27 Example 4 Dataset (1 of 9)
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130. 0. 0. 1. 6. 0.
*
SECTION
CYLINDRICAL
XAXIS
#THETA RADIUS X KBREAK NK KSPACE
90. 10.00 4. 0.
0. 10.00 4. 0.
-90. °~  10.00
AT
»XT r v JBREAK NJ JSPACE
160. o. e.
»
*
®  UPPER MIDBODY PAHEL
] INCLUDES WING/BODY JUNCTIOM, AND BOATTAIL.
» CIRCULAR SECTIOM BODY PANEL WITH SIDE EDGES
* CONTOURED TO JOIN THE FIM {ON THE UPPER EDGE)
» AND THE WINS (OM THE LOWER EDGE)
= AFT SECTION JOINS LOHER MIDBODY PANEL
»
PAMEL
3. UPPER MIDBODY
*TYPE WET FORCE IMAGE
0. -1. 1. 1.
*
KSPACE
"« KSPACE
4. 0.
*
SECTION
CYLINDRICAL
XAXIS
#THETA RADIUS X KBREAK NK KSPACE
90. 10.00
0. 10.00
AT
T YT b4 JBREAK NJ JSPACE
160. o. 0. 1. 8. 1.
*
SECTION
CYLINDRICAL
XAXIS
*THETA  .RADIUS X KBREAK NK KSPACE
80.7931 10.00
9.2069 10.00
AT
#XT YT zr JBREAK N JSPACE
170. 0. 0.
*
SECTION
CYLINDRICAL
XAXIS
#THETA RADIUS X KBREAK NK KSPACE
78.4636 10.00
11.53706 10.00
AT
»XT YT zr JBREAK NS JSPACE
180. 0. 0.

Figure 7-28 Example 4 Dataset (2 of 9)
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»
“FLTIOH

CYLINDRICAL
XAXIS
HTHETA RADIUS X KBREAK NK KSPACE

80.7931 10.00
9.2069 10.00

AT
»XT T Zr JBREAK NJ JSPACE
190. 9. - 0.
- .
SECTION
CYLINDRICAL .
XAX1S
#THETA RADIUS X KBREAK NK KSPACE
90. 10.00
0. 10.00
AT
L2141 YT et JBREAK NJ JSPACE
200. 0. 0. 1. 2. 0.
»
SECTION
AT
»XT YT r4sg JBREAK NJ JSPACE
210. o. 0.
SCALE
#XSCALE  YSCALE ZSCALE
1. 0.6 0.6

»
*
FHII5265.36 3635 36-06-36-36 06 26366 3636-30-00 3636 06362526 363636 3636 36-00-0-06-2636 3 06-0-06-00-06 30636 36 36 060636363636 3636 06 303606 36
LONER #MIDBODY PAHEL
INCLUDES HING/B0ODY JUMCTION, AND BOATTAIL.
CIRCULAR SECTIOH BODY PAMNEL WITH SIDE EDGES
COHTOURED TO JOIN THE WING (ON THE UPPER EDGE)
AND THE LOWHER CEMTERLIME (ON THE LOWER EDGE)
AFT SECTICN JOINS UFPER MIDEODY PANEL
SINCE THE FIN AND WING HAVE THE SAME SECTION, THIS PANEL
CAH BE MADE BY ROTATING THE UPPER PANEL 90 DEG. AROUND THE
X AXIS, AND PEMOVIHG THE CUTQUT FOR THE WING. LOCATER
POINTS ARE USED TO PERFCRM THIS ROTATION. THE LOCATER
POINTS ARE ALSO USED TO PERFORM A TRAMSLATION, ELIMINATING
THE NEED FOR THE AT POINTS. .

LR 2R 2 2% Ik 3% 3 I I I 3%

PAMEL

4. LOWER MIDBODY

%TYPE UWET FORCE IMAGE
9. -1. 1. 1.

»

#LOCATER POINTS USED VO POSITION THE PANEL IN THE GLOBAL SYSTEM
»

LOCATE
#XPNL YPNL zrnL XGBL YGBL ZeBL
o. 10. 0. 160. o. -10.
40, 10. 0. 200. 0. -10.
0. 0. 10. 160. 10. 0.
*
KSPACE
K KSPACE

4. 0.

Figure 7-29 Example 4 Dataset (3 of 9)
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SECTION

CYLINDRICAL

XAXIS

¥THETA RADIUS
90. 10.00
0. 10.00

AT

XT YT

0. 0.

»

SECTION

CYLINORICAL

XAXIS

*THETA RADIUS
80.7931 10.00

0. 1c.00
AT
*XT T
10. 0.

»
SECTION
CYLINORICAL
XAXIS

#THETA RADIUS
78.4630 10.00

0. 10.00
AT

»XT v
20. 0.

*
SECTION
CYLINDRICAL
XAXIS

*THETA RADIUS
80.7931 10.00

0. 10.00
AT
»XT 81
30. °.
»
SECTION
CYLINDRICAL
XAXIS
%THETA  RADIUS
%0. 10.00

0. 10.00
AT
uXT YT
40. 0.
*
SECTION
AT
»XT 41
s0. 0.
SCALE
#XSCALE  YSCALE
1. 0.6

*
»

X

r44
0.

b4 1
0.

T
0.

Z7
.

ZSCALE
0.6

KBREAK

JBREAK
1.

KBREAK

JBREAK

KBREAK

JBREAK

KBREAK

JBREAK

KBREAK

JBREAK
1.

JBREAK

NJ

NJ

NJ
2.

KSPACE

JSPACE
1.

KSPACE

JSPACE

KSPACE

JSPACE

KSPACE

JSPACE

KSPACE

JSPACE
0.

JSPACE

Figure 7-30 Example 4 Dataset (4 of 9)
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SIS 36 3606 33636 30363606 36 30 36 36 3636 36 36 36 35 306 3636 36 30 0360636 360636IHIE I3 060600000006 36-06-06-00 36-06-06 0608 36 3%

* WING GROUP,

* UPPER AHD LOWER SURFACES AND WAKE.
*
PAMEL P1
5. UPPER SURFACE MWING P2
*TYPE WET FCRCE IMAGE

0. 1. 1. 1. P3
*
JSRACE P8
*NJ JSPACE

4. o. P8a
KSPACE P9
#HK KSPACE

8. 1. P9a
»*

# ROOT SECTION DEFINITION
% THE SECTION LINE IS CAMBERED IN Y TO FIT TO CYLINDRICAL BODY.

*

SECTIOH s1
RECTANSULAR s2
*AIRFOIL COORDINATES
*X Y 4

0. 10. 0. S2a
10. 9.871 1.6 S2a
20. 9.798 2.0 S2a
30. 9.871 1.6 S2a
40, 10. o. S2a
AT s11
»XT ) o S zr JBREAK  NJ JSPACE

160. 0. 0. Slla
»

#  TIP SECTION DEFINITION

*

SECTION s1
RECTAMGULAR s2
#AIRFOIL COORDINATES

X Y z

o. 40, 0. S2a
40, 40. 0. s2a
AT S11
*XT \23 zr JBREAK  NJ JSPACE

176. 0. 0. Slla
SCALE s12
#XSCALE  YSCALE  ZSCALE

.5 1. 1. Sl2a
- .

*
*

PANEL Pl
6. LOWER SURFACE WING : P2
*TYPE WET FORCE IMAGE

o. -1. 1. 1. P3
*
JSPACE P8
*NJ JSPACE

4. 0. P8a
KSPACE P9
#HK KSPACE

8. 1. P9a

Figure 7-31 Example 4 Dataset (5 of 9)
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ROOT SECTION DEFINITION
THE SECTION LINE IS CAMBERED IN Y TO FIT TO CYLINDRICAL BODY.

SECTION . s1
RECTANSULAR ‘ s2
%AIRFOIL COORDINATES

»X Y Z

0. 10. 0. S2a
10. $.871 -1.6 S2a
20. 9.798 2.0 S2a
30. 9.871 -1.6 : S2a
40. 10. Q0. S2a
AT Sl1
»XT YT Al JBREAK NJ JSPACE

160. 0. . Slla

*

* TIP SECTION DEFINITION

* N

SECTION . ' s1

RECTANSULAR S2
#AIRFOIL COORDINATES

£ 24 Y 4

0. 40. e. S2a
40. 40. . S22
AT : sl
*XT YT ZT JBREAK NJ JSPACE

170. 0. 0. . Slla
SCALE S12
#XSCALE  YSCALE ZSCALE

.5 1. 1. Sl2a
»*

*

#  HWAKE PANEL FOR MWING

* EDGE 4 MATCHES AFT EDGE OF UPPER AND LOWER WING SURFACES.

»*

PAMEL Pl
7. WAKE FOR WING P2
#TYPE WET FORCE IMAGE

4. 1. 1. 1. P3
*

JSPACE -]
Y JSPACE

4. o. P8a
KSPACE P9
*HK KSPACE

8. 1. : P9a

# ROOT SECTION DEFINITION
*

SECTIOH : Sl
RECTARCULAR Ss2
#AIFQIL CCCROIMATES

»X Y r4 KBREAK NK KSPACE

200. 10. 0. 2. 0. S2a
210. 6. 0. 1. 6. 2. S2a
270. 6. 0. 1. 2. 0. S2a
230. 0. - 0. 1. 1. 0. S2a
1000. c. 9. : S2a

Figure 7-32 Example 4 Dataset (6 of 9)
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* TIP SECTION DEFINITION
»

SECTICH

RECTANGULAR

#AIRFOIL COORDINATES

*X Y Z KBREAK
190. 40. 0.

2580. 40. Q. 1.
1000. 40. 0.

*

*

FHIES636.36 38 38 3636 636 236336 36 36363636 36 36 35 38 36063530 36 06 36 36 36 36 36 363 3 363636 -3 336 DI DEIE 3620636 06 636 - I6-06 396 3

* VERTICAL FIN GROUP

* INCLUDES RIGHT HAMD SURFACE AND WAKE.
. -

PAHEL

8. VERTICAL FIN

*TYPE WET FORCE IMAGE
0. -1. 1. 1.

*

JSPACE

*HJ JSPACE

3. °.

KSPACE .

*K KSPACE

8. 1.

4
# ROOT SECTION DEFINITION

# THE SECTION LINE IS CAMBERED IN Z TO FIT TO CYLINDRICAL BODY.

SECTION

RECTANSULAR

*ATRFOIL COORDINATES

»X Y 2z

0. 0. 10.

10. 1.6 9.871

20. 2.0 9.798

30. 1.6 9.871

48. 0. 10.

AY

»XT Yr F41 JBREAK
140. c. 0. .
*

%  TIP SECTION DEFINITION

*»

SECTION

RECTANSULAR

»AIRFOIL COCRDINATES

»X Y b4

0. °. 30.

10. °. 30.

AT

»XT v zr JBREAK
190. 0. 0.

*

*

*

PAHEL

9. VERTICAL FIN WAKE

Figure 7-33 Example 4 Dataset (7 of 9)
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#TYPE WET FORCE IMAGE

4. -1. 1. 1.
»*

JSPACE

*NJ JSPACE

3. 0.

*

# ROOT SECTION DEFINITION
*

SECTION

RECTANGULAR

#ATIRFOIL COORDINATES

*#X Y 4 KBREAK
40. 0. 10. 1.

50. 0. 6. 1.
1l0. 0. 6. 1.
120. 0. 0. 1.
840. 6. 0.

AT

*LT Y7 rag JBREAK
160. e. 0.

*

#  TIP SECTION DEFIHITION
»

SECTION

RECTANGULAR

#AIRFOIL COORDINATES

X Y P4 KBREAK
l0. 0. 30.

90. 0. 30. 1.
8l0. 0. 30.

AT

*»XT T Z7 JBREAK
190. 0. 0.

*

6303636 3636 36 36353636 3636 36 3630 35 263636 36 3638 35 3636 3636 36 36 96 36 63636 JEI-I6-6 36 36-JE-36 36 36 36 3036 36 3636 3636 36 36 36 33638

#*  EXHUST PLUME PANEL
* IHCLUDES UPPER AND LOMWER PLUME SURFACES.
* SOLID FORCE FREE BODY USED TO SIMULATE THE EXHAUST
* PLUME.
*
PAMEL
10. UPPER PLUME
»TYPE WET FORCE - IMAGE
°. -1. o. 1.
*
KSPACE
#HK KSPACE
4. 0.
*»
SECTION
CYLINDRICAL
XAYIS
THETA  RADIUS X KBREAK WK
0. 6.
0. 6.
AT
T Yr zr JBREAK  NJ
210. 0. 0. 1. 6.

Figure 7-34 Example 4 Dataset (8 of 9)
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8. PANEL ABUTMENTS

8.1 INTRODUCTION

This chapter provides information on panel edge abutments and the automatic procedure used in
QUADPAN to establish panel abutments and element neighbors. The limitations on panel abutments are
presented, along with guidelines for setting the input parameters controlling the abutment search. Finally,
the panel abutment list in the output print from each QUADPAN run is discussed.

8.2 ABUTMENTS

Before further discussion it is important to understand the terminology and relevance of panel
abutments. It should be realized that panel abutments deal only with the “developed” surface lattice, after
geometry generation is complete and a regular lattice is defined.

Input geometries for QUADPAN are represented by a lattice of quadrilateral surface elements.
These surface elements are grouped into a number of PANELS in order to simplify the task inputting the
geometry, and to organize the large number of elements required to define that geometry into smaller, more
manageable pieces. The division of the configuration surface into panels is illustrated in Figure 6-2 and
Figure 6-3.

As described in 6.4.2, it is desirable that the surface lattice for QUADPAN be as continuous as
possible, with each element contiguous with its neighboring elements. This is illustrated in Figure 6-4.
These element neighbors are used in determining the surface velocity, by a finite difference procedure on
the surface potentials at the nearby elements. They are also used to set up Kutta conditions at wake
shedding lines, and to properly treat wake side edges that touch other body surfaces.

If only a single panel were used to define the entire geometry, with a topologically rectangular
lattice of elements, there would be no problem in defining an element’s immediate neighbors, but only
simple geometries could be described. Instead, the configuration is described by a collection of panels, and
the task of locating neighboring elements is make more complex for those elements that lie on the edges of
the panels. In this case, neighboring elements will be located on the edges of other nearby panels.

An ABUTMENT is defined by the contiguous elements on neighboring panel edges. Panel

abutments consist of the elements on the edge of a panel that are contiguous to, or touching, edge elements
on another panel, the same panel, or the image of the same panel across the plan of symmetry.

8.3 RULES ON PANEL ABUTMENTS

Panels are regarded by the program as topologically rectangular, with four panel edges and a row
and column grid of quadrilateral elements, regardless of the actual geometrical shape. Abutments concern
the elements that lie on the panel edges.

The following ground rules apply to panel abutments:
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e  Panels may only (only!!) abut (touch) one another at their edges.
e Panels edges that are degenerate (zero length) are defined as not abutting, with no neighbors.

e Any number of panels may abut a panel edge, however, no more than four elements may abut (touch)
one another along a common element edge. Figure 6-8.

Except for these limitations, panels may abut in any fashion. Edges may abut themselves or other edges in
the same panel or different panels. ’

8.4 AUTOMATIC ABUTMENT PROCEDURE

The program contains an automatic procedure to search all panel edges to establish contiguous
neighboring elements across panel boundaries. This procedure will normally find all contiguous abutments
in the configuration, relieving the user of the burden of specifying connecting panel edges and elements in
all but a few extreme cases.

The panel abutment procedure works by searching for panel edge elements whose side midpoints
(the side midpoint lies between that element’s lattice point at the panel edge) are within a specified distance
of one another (See Figure 8-2). As a result of this search technique elements which are contiguous (i.e,
that line up with one another) will be found to abut. In addition to checking all of the user defined panel
edges, the abutment search also checks for neighboring elements that lie across the plane of symmetry
when the configuration is lateraily symmetric.

As mentioned above, degenerate panel edges do not abut other panel edges The abutment
procedure identifies degenerated panel edges by comparing the panel edge length to the absolute geometric
tolerance distance — ABSTOL (discussed below). The panel edge length is defined by the sum of the
lengths of the sides of the edge elements, and the edge is degenerate if this length is less than ABSTOL.

8.4.1 Abutment Search Distance

As discussed above, the automatic abutment procedure uses a geometric tolerance distance in its
search to establish the panel edge element abutments. Element side midpoints on abutting elements must be
within this tolerance distance. In order to make the abutment search as reliable as possible, especially in
complex cases where the element sizes may vary over a large range, the search distance used by the
program is not constant. Instead, the search distance is set by two user-specified parameters, ABSTOL and
RELTOL.

e ABSTOL is the absolute search tolerance, specified in global coordinate units.
e RETOL is the relative search tolerance, specified as a fraction of the length of the element edge.

All abutting element side midpoints must be within the tolerance distance defined by the smaller
of ABSTOL and RELTOL* (element edge length). The ABSTOL parameter gives an upper limit to the

search distance, while RELTOL provides a locally scaled limit to the search distance that is proportional to
the length of the element edge whose neighbors are being sought.
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8.4.2 Setting the Abutment Parameters

The automatic abutment procedure is controlled by two user-specified parameters, ABSTOL and
RELTOL, that set the tolerance distance used for the abutment search. Both of these parameters have
defaults, but some adjustment is normally necessary for each case. It is recommended that ABSTOL be
used as the primary means to control the abutment search.

ABSTOL is the absolute search tolerance, specified in global coordinate units. This parameter is
the primary means available to control the automatic abutment procedure. ABSTOL is normally set
sufficiently small that there are no abutment warnings or errors due to unintended neighbors, and
sufficiently large that all the abutting edges are found by the program. For configurations where the
geometry is defined precisely, with no gaps, ABSTOL may be set quite small (within reason, as discussed
below). When there are gaps, ABSTOL must be adjusted, and /or user-specified abutments used to find all
the abutting edges or avoid ambiguous or unintended abutments.

/ /

ELEMENT WHOSE /
NEIGHBORS ARE SOUGHT

/ /
4L
/ /
/
/

/

MATCHING g}
/ DISTANCE 2 : :
/ DISTANCE TO ELEMENT
_ EDGE MIDPOINTS
Vo 7 ON PANEL EDGE

PANEL A

PANEL B

Figure 8-1 Operation of Abutment Search
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As a result of limited numeric precision in any computer, there is a lower limit to the value that
ABSTOL may be given, This lower limit must be larger than the product of the available machine
precision (as a fraction of 1) and the maximum X, Y, and Z coordinate value at any panel edge. For the
IBM computer the available precision is roughly 5.0E-7. If, for example, the configuration were 1,000
units long in the X direction, ABSTOL should be set larger than 5.0E-4, with 0.005 as a good starting
value.

RELTOL is the relative tolerance distance, as a fraction of the element edge length. This
parameter provided a local scaling to the abutment tolerance distance. This parameter defaults to 0.1, and
normally should be given this value. RELTOL acts to limit the minimum angle between panels before the
abutment search determines that they are connected, such as at the tip edge of upper and lower wing panels
near the trailing edge. This parameter should never be given a value higher than 0.5.

8.5 USER-SPECIFIED ABUTMENTS

In the great majority of cases the automatic procedure will establish the element connectivity
without user intervention. This will be true especially where the input geometry is relatively gapless, and
the abutment search) tolerance is set small. Some cases, however, may require the user to restrict the search
space for the automatic abutment search to eliminate possible abutment ambiguities.

Like any automatic procedure, the abutment search can sometimes fail. This normally happens
when it finds too many nearby elements at an element edge. This happens in two situations:

e  [f more than two body type elements (or wake type elements ) abut at a panel edge the program issues
_a warning message because there is not obvious single neighboring element to use to calculate the
surface velocity. In this ambiguous situation the program will ignore all neighboring elements at that
element edge, basing velocities on backward gradients calculated without crossing the panel edge. The
accuracy at this junction is reduced, exactly the same as when noncontiguous elements are used. This

is only a problem where the gradients across the junction are significant.

e If more than four neighboring panels abut at an edge, the program issues a warning message because
the program limitation of four abutting panels is exceeded. This may need to be fixed before the run
should be done. In this situation, like the previous one, the program will ignore all neighboring
elements at that element edge, and velocities will be calculated without crossing the panel edge. This
results in a reduction of accuracy at this junction, which is only a problem where the gradients across
the junction are significant. '

These situations usually a rise when there are small gaps between edges, and the abutment search
tolerance has had to be increased. This is also sometimes a problem at the side edges of wing panels where
very small elements are used near a thin trailing edge.

To eliminate such abutment ambiguities, it may be necessary to restrict the search space used by
the abutment procedure. The search space, which normally arranges over all the panel edges in the
configuration should check for abutting elements. This can be done using the optional keyword ABUT (0).
The use of a user-specified abutment does not guarantee that panel edges abut, it merely specifies which
edges may be searched with the automatic procedure.

8.5.1 Application of User-Specified Abutments

In addition to their use in fixing abutment errors, user-specified abutments may also be used to
control some aspects of the potential flow calculation. The coarsely paneled swept wing, illustrated in
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Figure 8-2, is an example. Only three spanwise columns of panels have been used, which concentrates too
few elements near the tip to capture the details of the flow in that region. If the gradient around the tip is
high, which will be the case for large angles of attack, the velocities on the outboard strip of elements may
be adversely affected by the coarse spacing distribution used near the wingtip (the spanwise velocities will
be affected and may be too high). ’

OBLIQUE VIEW

Figure 8-2 Swept Wing With Coarse Spanwise Paneling
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The most accurate way to model this configuration is to place several narrow strips of elements
near the wing tip and around the wing tip closure to properly represent the gradient there. However, if the
actual details of the flow near the tip are not required, the additional element s might not be needed. Since
the tip effects are localized, it is undesirable to have QUADPAN spread them over one-third of the wing by
using the potential on the tip to calculate the velocity on the outboard wing elements. The best technique
for this crude geometric model is to prevent the code from using the using tip elements to calculate the
velocities on the wing surface by restricting the abutment search at the tip. In this way, the user can
partially overcome deficiencies resulting from an inadequate number of elements at the wing tip.

This can be accomplished if the panels are forced to be noncontiguous by “disconnecting” the
upper and lower wing panel tip edges from the tip. The search space for those panels can be altered using
the ABUT keyword to specify 0 for the abutting panel(s) on those edges. It should be pointed out,
however, that if the paneling were sufficiently concentrated in the tip region to capture the gradients, the
user would probably do as well, or better, by letting the program connect the panels together.

8.6 PANEL ABUTMENT EXAMPLE

The operation of the automatic panel abutment procedure is illustrated in Figure 8-3. This case
consists of three flat panels of different size, denoted as:

Panel A ID-> 11 modeled as an NK =2 by NJ = 6 element array
Panel B ID-> 12 modeled as an NK = 3 by NJ = 3 element array
Panel C ID-> 13 modeled as an NK = 2 by NJ = 4 element array

The edge numbers and local J and K indices within each panel are shown in the figure.

The Panel Abutment List produced by QUADPAN for this three panel geometry is shown in
Figure 8-4. The abutment parameters for this case are shown preceding the abutment list (ABSTOL = .002,
RELTOL = .1). The abutments for each of the edges of the panels is listed in a compressed form, given by
the starting and ending J and K indices of the abutting elements on both sides of the abutment. For
example, Edge 2 of PANEL A (11) has been found to abut elements on edge 3 of PANEL B (12) and edge
of 2 of PANEL C (13). Notice that a number of the edges have been found that do not abut any other
panels. In addition, edge 3 of PANEL C and edge 2 of PANEL B have not been found to abut. This is due
to noncontiguous elements at those edges.

Although use of the Abutment List can be confusing, because the user must consider the orientation of
panel and its edges, it is one of the essential tools for the debugging and validation of QUADPAN datasets.
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Figure 8-3 Abutment Example
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EXAMPLE ABUTHMEMTS FOR 3 PANELS .

PAHEL ABUTHENT CHECK

SEARCH PARAMETERS USED FOR ESTABLISHING PANEL EDGE ABUTHENTS
ABSTOL = 0.2000€-02 (HAXIMUM ABSOLUTE MATCHING DISTANCE BETHEEM ELEMENT EDGE MIDPOINTS)
RELTOL = 0.1000E+00 (HMAXIHNUI1 RELATIVE MATCHING DISTANCE BETWZEN ELEMENT EDGE MIDPOINTS
AS A FRACTION OF THE ELEMEMNF EDGE LENGTH) '

#% PANEL ABUTMENT L1IST %

B o v e e e e e e e e 20 e e O B 20 0 0 e e e e 0 e 0 e 0 e - con=

ABUTMENTS FOR PANEL ID-> 11 NJ = 6 HK = 2 PANEL A
EDGE Jy K TO J, K ABUTS PANEL EDGE Jy K TO J, K
1 1 1 1 2 HO ABUTHENTS FOUND
2 1 2 3 2 12 3 3 1 3 3 PAHEL B
2 4 2 6 2 13 2 4 2 2 2 PANEL C
3 6 2 6 1 HO ABUTHMENTS FOUND
4 6 1 1 1 NO ABUTHENTS FOUHD
N o e e - - 0 B e e 2 e 2 e 00 00 e e e 9 e e e e
ABUTHMENTS FOR PAIEL ID-> 12 Nz 3 KK = 3 PANEL B
EDGE 4y K TO J, K ABUTS PANEL EODGE Jy K TO Jy, K
1 1 1 1 3 MO ABUTMENTS FOUND
2 1 3 3 3 NO ABUTHMENTS FOUND
3 3 3 3 1 11 2 3 2 1 2 PAHEL A
4 3 1 1 1 NO ABUTHENTS FOUHD
Lttt L e e L L T
ABUTHENTS FOR PANEL 10-> 13 NJ = 4 NK = 2 PANEL C
EDGE J» K TO J, K ABUTS PANEL EDGE Jp» K TO0 Js K
1 1 1 1 2 NO ABUTHENTS FOUHD
2 1 2 1 2 HO ABUTMENTS FOUHD
2 2 2 4 2 11 2 6 2 4 2 PANEL A
3 4 2 9 1 HO ABUTMENTS FOUND
4 4 1 1 1 HO ABUTHENTS FOUND

END OF PANEL ABUTHENT CHECK

Figure 8-4 Example Abutments List
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