@ https://ntrs.nasa.gov/search.jsp?R=19760015496 2020-03-22T15:52:17+00:00Z

JSC-09811
DETAILED REQUIREMENTS DOCUMENT FOR THE
INTEGRATED STRUCTURAL ANALYSIS SYSTEM 'Z;A TE .
s -
(PHASE B
nee -
Job Order 84-157
ZEMEN i76-22584
(NASA'CS'1“7550) DETAILEL RECUISREMENTS N76-225
CTOCUMENT FOR THE INTECRATED STHUCTUFAL
Unclas

SIS 4, PH2SE B (lockneed
AN%.YSIS SYSTEM, cecr 138

Klectrornics Co.) 632 g HC $12.25 c3/39 27403

Prepared By

Lockheed Electronics Company, Inc.
Aerospace Systems Division
Houston, Texas
Contract NAS 9-12200

For

INSTITUTIONAL DATA SYSTEMS DIVISION T 6
(" 45/\
K \)\ ¢ )

/ .’v May 107n ?ﬂb‘
_ NRECE[ 73
NSSA ST oy

v NPUT BRancy

LYNDON B. JOHNSON SPACE CENTER

Houston, Texas

January 1976
LEC-5809



JSC-09811

Detailed Requirements Document
for the
Integrated Structural Analysis System (ISAS)
Phase B
Job Order 84-15

Prepared by:

ohn A. Raney, Supervisor
coftware Integration Section
Applied Mechanics Department

LEC NASA
/ ; !
T Tl bl —

"R. T. Theobald, Manager J. L. Raney, Technical Monitor
Applied Mechanics Department Scientific Computing Branch
%%Jma& S 5-7¢
J% J% vaccaro, Assistant Director C. F. Malone, Chief
Scientific Applications Branch Scientific Computing Branch

/- J ﬂ

}KQ/J* I;Zﬁiaﬂd¢?2crmu—/ /——-../:EL
H. F. Thompsoqubirector L. R. Nichols, DSAD
Software Applications Branch Technical Manager

C‘@\jk. @a‘ ,;[21.[2“
C. R, Huss

Instaitutional Data Systems Division

Prepared by
Lockheed Electronics Company, Inc.
for
Institutional Data Systems Division
National Aeronautics and Space Administration
Lyndon B. Johnson Space Center
Houston, Texas
February 1976

TFr & NQ






Section

CONTENTS

1. PURPOSE AND SCOPE. . . . . . . .

2. SYSTEM OVERVIEW. .

BACKGROUND. .

GENERAL DESCRIPTION .

ASSUMPTIONS AND CONSTRAINTS .

3. OPERATIONAL REQUIREMENTS . . . .

-

d.

3.

1

9
=

USER INTERFACE.

HARDWARE/SOFTWARE CONFIGURATION .

3.3 APPLICATIONS INTERFACE REQUIREMENTS .

4. ISAS FUNCTION REQUIREMENTS .

4.

4.

1

1.

wi
.

2]
.

1

“

. L

[~

.3

AERODYNAMIC AND INERTIAL LOA"S.

FORCE INPUTS TO INTERNAL LOADS ANALYSIS

BODY LOADS ANALYSIS .

AERODYNAMIC DATA BASE GENERATOR .

PURPOSE .
INPUT .
PROCESSTNG.
OUTPUT.

ALRODYNAM1< LOADS .

PURPOSE .
INPUT .
PROCESSING.

OUTPUT.

ii1

Page



Section

4.5

4.5.

AIRCRAFT FLIGHT CONDITIONS.

.1 PURPOSE . . . . . . . .
.2 INPUT . . . . . . . ..
.3 PIOCESSING. . . . . . .
.4 OuTPUT. . . . . . . . .

AIRCRAFT GUST AND BOOST TURBULENCE LOADS.

1 PURPOSE . . . . . . . . . .
.2 INPUT . .

.3 PROCESSING. . . . . .

.4 OUTPUT. . . . . . . . .

AELRODYNAMIC CALCULATIONS
FOR WING AND BODY ELEMENTS.

.1 PURPOSE .

.2 INPUT . . . . . .
.3 PROCESSING.

.4 OUTPUT.

BASIC GEOMETRY FILE GENERATOR .

.1 PURPOSE .
.2 INPUT .
.3  PROCESSING.
.4 OUTPUT.
BASIC STRUCTURAL DIMENSTONS

.1 PURPOSE .

(39

INPUT
.3 PROCESSING.
.4 OUTPUT.

iv



Section

4.
4.

9 BOOST FLIGHT CONDITIONS .

9.1 PURPOSE .

.9.2 INPUT . . . . . . . .
.9.3 PROCESSING. . . .
.9.4 OUTPUT.

.10 DYNAMI1 7 LOADS.

.11 ELEMENT PROPERTY FILE GENERATOR.

.11.1 PURPOSE.

.11.2 INPUT.

.11.3 PROCESSING .

.11.4 OUTPUT . . . . .
.12 FATIGUE ASSESSMENT .

.12.1 PURPOSE.

.12.2 INPUT.

.12.3 PROCESSING .

.12.4 OUTPUT . . . . .

.13 FLIGHT CONDITIONS MERGE.

.13.1 PURPOSE.
.13.2 INPUT.

.13.3 PROCESSING .
.13.4 OUTPUT .

.14 FLIGHT CONDITIONS FILE REDUCTION

.14.1 PURPOSE.
.14.2 INPUT.
.14.3 PROCESSING . . . .

.

4-92
4-92
4-92
4-92
4-93
4-95
4-95
4-95
4-95
4-103
4-105
4-105
4-105
4-105
4-107
4-109
4-109
4-109

4-109



Section

4.
4.
4.

L R

- . T

+

14.

15

15.
.15.
.15.

.15.

.16

.17

.17.
.17.
.18
.18.
.18.
.18.
.18.
.19
.1y,
.19.
.19.
.19.
.20
. 20.
.20.
.20.

4

1
2

1
2

1
2
3
4

1
2
3
4

1
2
3

OUTPUT .

INTERNAL LOADS AND DYNAMIC CHARACTERISTICS .

PURPOSE.

NASA STRUCTURAL ANALYSIS SYSTEM (NASTRAN).

ANALYSIS OF AEROSPACE STRUCTURES BY THE
DISPLACEMENT METHOD (AIR FORCE PROGRAM).

AUTOMATED STRUCTURAL OPTIMIZATION
PROGRAM (ASOP) . . e

LANDING FLIGHT CONDITIONS.

LIFTING SURFACE FLUTTER/UNSTEADY
AERODYNAMIC FORCES . . .

UNSTEADY AERODYNAMIC FORCES.
LIFTING SURFACE FLUTTER.
LOAD COEFFICIENT GENERATOR .

PURPOSE.
INPUT.
PROCESSING .
OUTPUT .
MATERIAL DATA FILE GENERATOR .

PURPOSE.
INPUT.
PROCESSING
OUTPUT .
MOTION PICTURE GENERATOR .

PURPOSE.
MOVIE SUBFUNCTION.
5C-4060 MICROFILM SUBFUNCTION.

vi

Page

4-110
4-112
4-112
4-112

4-129

4-134
4-166



4

Scction

4.
4.

21

21.
.21.

.21.

.22,
.22,
.23
.23.
.23.
.23.
.23.
.24

.24,

1
2
3

.4

.1
.2
3

4

1
2
3

a

(38

.3

2

.3

MODEL MATERIAL FILE GENERATOR.

PURPOSE. . .
INPUT. . . .
PROCESSING .

OUTPUT .

MODEL TEMPERATURE FILE GENERATOR .

-

PURPOSE.
INPUT.
PROCESSING

ouTPutT .

NASTRAN POSTPROCESSING .

PURPOSLE.
INPUT.
PROCESSING
OUTPUT .

PANEL FLUTTER.

PURPOSE.
INPUT.
PROCESSING
OUTPUT .

POGO STABILITY

PURPOSE.
INPUT.
PROCESSING

OuUTPUT .

vii

Page

4-224
4-224
4-224
4-224
4-227
4-230
4-230
4-230
4-230
4-231

- E=3
] ]
[ [¥]
() w
(O] Wi

4-233
4-233
4-244
4-247

4-247



Section

4.
4.

P~

LR T T - S - S SR . T )

26

26.
.26.

.28
.28.
.28.
.28
.28.
.29
.30
.31
.31.
.31.
.31.
.31.
.32
.32.
.32,
.32.
.32.
.33
.33.

1
2
.3
4

1
2
3
4

1
2
3
4

1

PROPERTIES AND ALLOWABLES.

PURPOSE.
INPUT.
PROCESSING .
OUTPUT .

RANDOM VIBRATION ANALYSIS.

STATIC AEROELASTICITY.

PURPOSE.
INPUT.
PROCESSING .
OUTPUT .
TWO-BODY SEPARATION.

THREE-BODY SEPARATION.

USER MODEL FILE GENERATOR.

PURPOSE.
INPUT.
PROCESGING .
OUTPUT .

MODEL WEIGHT FILE GENERATOR.

PURPOSE.
INPUT.
PROCESSING .
OUTPUT .

VENTING ANALYSIS .

PURPOSE.

viii



Section Page
4.33.2 INPUT. . . . . + « « v v v v v v v v v v o v o 4-370
4.33.3 PROCESSING . . . . . . « . . « . o« o o o « . 4-370
4.33.4 OUTPUT . . . . . « « « v ¢« v v & v o« v« . 4-370

5. PERFORMANCE REQUIREMENTS . . . . . . . . . . . . « . . 5-1

5.1 RESPONSE TIME . . . . . . . . . . . . . . . .+ . 5-1

5.2 AVAILABILITY. . . . . . . . . . « « « « « v « « . 5-2

5.3 STABILITY/RELIABILITY . . . . . . . . . . . . . 5-2Z

5.4 HUMAN FACTORS . . . . . . . . . . « « « .+ « ¢« « . 5-3

6. IMPLEMENTATION . . . . . . . . « « « « « o « o o « v . 6-1

6.1 DATA BASE ESTABLISHMENT . . . . . . . . . . . . . ©-1

6.2 OPERATIONAL STAGES. . . . . . . . . . . . . . . . ©06-1

1X






4.15-1
4.19-1
4.19-2
4.21-1

4.26-1

4,26-

t

4.26-3
4.26-4

4.26-5
4.26-6

4.26-8

TABLES

AIRCRAFT MANEUVERS PROGRAM PLOT CAPABILITIES .

AVAILABLE PLOTS FOR BOOST FLIGHT
CONDITIONS FUNCTION.

STANDARD MATERIALS .
SAMPLE TABLE OF CONTENTS
SAMPLE OF TABULAR DATA .

MATERITAL DATA REQUIRED VERSUS
PROBLEM DESCRIPTIONS . .

PARAMETERS FOR LOCAL BUCKLING.

BUCKLING COEFTi:ItcNT FOR INFINITE PLATES
IN COMPRESSIOiv e e e e e e

PANEL CRIPPLING STRESS RELATIONS

BUCKLING COEFFICIENT FOR INFINITE PLATES
IN SHEAR . . .

PARAMETERS FOR SHEAR BUCKLING.
PARAMETERS FOR PANEL SECTION PROPERTIES.
COLUMN FIXITY COEFFICIENTS

INTERACTION EQUATIONS.

LANK Nor
FB-MEQ‘

X1

Page
4-40

4-89

4-165
4-219
4-220

4-229
4-302

4-304
4-305

4-307
4-308
4-310
4-314
4-315






o

=

[a—
]

o

= > -~ p=3 -
L] . » . .
[
'
E~

4.2-1

FIGURES

Integrated Structural Analysis System
operational concept . o e e e

Sample of dialogue between user and machine .

Data flow diagram for Aerodynamic Inertial
Loads function. . .

Differential pressure versus Mach number.
Differential pressure versus X vehicle station.
Vehicle cross section at a given X station.
Differential pressure versus time .

Display for both maximum and minimum
ordered loads

Display for one set of ordered loads.
Loads matrix output format.

Data flow diagram for Aerodynamic Data
Base Generator. .

Tabulation of SADSAC data .

Longitudinal pressure distribution of the

fuselage, neutral rudder, and elevator. . . . .

Example of tabular display of force and
moment totals Ve e e e e e

Data flow diagram for Aerodynamic Loads

Data flow diagram for Aircraft
Flight Conditions .

Display example for Aircraft Fllght
Conditions function . .

lixample curve for alpha versus CA for
each heta . . . . .

xiii

PRECEDING PAGE BLANK NOT FILMED

4-11
4-14
4-15
4-16
4-17

4-18
4-19
4-20

4-24
-25

4-26

4-27
4-31

4-36

4-37

4-38



Figure Page

4.4-4 Output tabulation example of all parameters cal-
culated at a particular time interval . . . . . . 4-39

4.5-1 Data flow diagram for Aircraft Gust and
Boost Turbulence loads. . . . . . . . . . . . . . 4-44

4.5-2 Force Coefficient Data File tabulation format . . 4-40
4.5-3 Generalized force matrix example. . . . . . . . . 4-47

4.5-4 Tabulations and graphics d1>p1ayed for
the Response Output File. . . . e e e e« 4« . A4-48

4.6-1 Data flow diagram for Aerodynamic Calculations
for Wing and Body Elements. . . . . . . . . . . . 4-54

4,7-1 Data flow diagram for Basic Geometry
File Generator. . . . . + « ¢« &« « « « « &+ « « « . 4-61

4.7-2 Examples of display selectable input. . . . . . . 4-62

4,8-1 Data flow diagram for Basic Structural

Dimensions. . . . . « + « . 4 ¢« « ¢ 4 o o o+ . . 4-66
4,8-2 Generalized stiffened panel concept . . . . . . . 4-67
4.8-3 Beam concept. « « . « ¢ « + + o+ 4 4 o o+ o « . 4-68
4.8-4 Sixteen stiffened panel configurations. . . . . . 4-69
4.8-5 Example of tabular format for panels. . . . . . . 4-74

4.8-6 Example of beam tabular format. . . . . . . . . . 4-80
4.8-7 Typical beam elements . . . . . . . . . . . . . . 4-81
4.8-8 Examp®’e of a panel tabular format . . . . . . . . 4-84
4.9-1 Data flow diagram for Boost Flight Conditions . . 4-88
4.10-1 Data flow diagram for Dynamic Loads . . . . . . . 4-91

4.11-1 Data flow diagram for Element Property

File Generator. .« . « « + « « o o o & o o « o« « « 4-94
4.12-1 Data flow diagram for Fatigre Assessment. 4-104
4,13-] Data flow diagram for Flight Conditions Merge 4-108

xiv



Figure Page

4.14-1 Data flow diagram for the Flight Conditions

File Reduction function . . . . . . . . . . . . . 4-111
4.15-1 Data flow diagram for Internal Loads and

Dynamic Characteristics . . . . . . . . . . . . . 4-161
4,15-2 Example tabulation of force and moment cards. . . 4-162
4.15-3 Construction of input deck. . . . . . . . . . . . 4-163
4.15-4 Member data card format . . . . . . . . . . . . . 4-164

4.16-1 Data flow diagram for Landing
Flight Conditions . . . . . . . . . . . . . . . . 4-166

4.17-1 Data flow diagram for Lifting Surface Flutter/
Unsteady Acrodynamic Forces . . . . . . . . . . . 4-175

4.17-2 Example of downwash distribution tabulation
format. . . . . . . . o 0L 0w e e e . 4-177

4.17-3 Example of unsteady aerodynamic influence
coefficients tabulation format. . . . . . . . . . 4-178

4.17-4 Example of pressu.,e distribution tabulation
format. . . . . . . o oL 0000 0o e o e oL 4179

4.17-5 Example of generaliz . forces tabulation

format . . . . . . . . R 4-180
4.17-6 Example of area matrix tabulation format. . . . . 4-181
4.17-7 Example of chordwise piot . . . . . . . . . . . . 4-182
4.17-8 Format for tabulation of flutter solution data. . 4-183
4,17-9 Example of flutter mode shape data. . . . . . . . 4-184
4.17-10 Example cof Mach number versus dynamic

pressure plot . . . . . . . . . . . . .+ . .. .. 4-185
4.18-1 Data flow diagram for Load Coefficient

Generator . . . . . . . 4 e e e e e e e e e e e 4212
4.18-2 L.G-matrix format. . . . . . . . . . . ..o 4-213

4,19-1 Data flow diz vram for Material Data File
Generator . - A

XV



Figure
4.19-2
4.20-1
4.21-1

4.22-1

4.23-1
4.24-1
4.25-1
4.25-2
4.25-3
4.25-4

4.25-5

4.25-6
4.25-7
4.25-8
4.26-1

4.26-2

4.26-3

4.26-4

4.26-5

4.26-6

Sample ot curve data. . . . . . . . . o 0 o ..
Data flow diagram for Motion Picture Generator.

Data flow diagram for Model Material
File Generator. . . . . . ¢« ¢ ¢« o ¢« o « « o« o =

Data flow diagram for Model Temperature

File Generator. . . . ¢ ¢ & ¢ ¢ o o o o o« o o

Data flow diagram for NASTRAN Postprocessing. .
Data flow diagram for Panel Flutter . . . . . .
Data flow diagram for POGO Stability. . . . . .
Node identification display . . . . . . . . . .
Mode versus frequency display . . . . . . . . .

Display of modal gain for selected degree
of freedom. . . . . . . . ¢ . i o s et e e e

Display of ordercd mode save array according
to number of occurrences. . . . . . .

Display of selected modal data. . . . . . . . .
Frequency versus damping display. . . . . . . .
Eigenvector display . . . . . . . . . .

Data flow diagram for Properties
and Allowables. . . . . . . . . . . . .

Example of tabuvlation format for Interim
Properties and Allowables File.

Compressive buckling coefficients for
flat plates

Trapezoidal corrugation local compressive
buckling coefficient.

Compressive buckling coefficient for hat
stiffeners based on constant t, geometry
parameter . e e e e e e

Compressive buckling coefficient for cylinders.

xvi

Page
4-218
4-223

4-228

4-232
4-246
4-251
4-255
4-256
4-256

4-257

4-257
4-258
4-258
4-259

4-288

4-290

4-291

4-292

4-293
4-294



v

7

Figure

-~ - S~ T T S -

L T

.26-7
.26-8
.26-9
.26-10
.26-11
.26-12
.26-13

27-1

.28-1
.28-2
.28-3
.28-4

.28-5
.28-6
.28-7
.28-8
.29-1
.30-1
.31-1

.31-2
.32-1

.33-1

Shear buckling ccefficient for flat plates. .
cxample of beam calculations. . . . . . . . .
Torsion factor for rectangular elements . . .
Example of column allowable curve . . . .
Stiffened panel concept . . . . . . . . . . .
Beam concept. . . . . . . . . . . o . ..

Example of interaction curve for combined
shear and bending . . . . . . . . . .. . ..

Data flow diagram for Random Vibration
Analysis. . . . . ¢ . 0 0 0 e b e e e e e

Data flow diagram for Static Aeroelasticity .
Example of geometry data tabulation . . . .
Example of matrix of structural slopes.

Example plot of structural slopes versus
chord at each span station.

Static Aeroelasticity Output File tabulation.

Example plot of aerodynamic panel coordinates .

Example plot of structural slope.

Example plot of rigid pressure coefficients
Data flow diagram for Two-Body Separation .
Data flow diagram of Three-Body Separation.

Data flow diagram for Ucer Model
File Generator. .

Sample traces

Data flow diagram for Modzl Weight
File Generator. e e e e e e e

Data flow diagram for Venting Analysis.

xvii

Page

4-295
4-296
4-297
4-298
4-299
4-300

4-301

4-316
4-322
4-324
4-325

4-326
4-327
4-328
4-329
4-330
4-331
4-332

4-349
4-356

4-369
4-373



Figure

4.33-2

4.33-3

4.33-4

4.33-5
4.33-6

4.33-7

4.33-8
4.33-9
4.33-10

Example tabulation of pressure coefficients
for several angles of sideslip. . . . . .

Example tabulation of pressure coefficients for
many angles of attack . . . . . . . . . . . . .

Example tabulation of pressure coefficients
for several Mach numbers. . . . . . . . . . . .

Example of plot for pressure versus Mach. . . .

Example of plot for pressure versus X
vehicle station . . . . . . . . . . . . .

Example of plot for vehicle cross section
at a given X station. . . . . . . . . . . . .

Example of plot for pressure versus time. . . .
Example tabulation of VADIC output data . . . .

Example tabulation for cell pressure versus
time. L - - - L ] - L * . - L] L] L] * L] L3 - L) - -

.ridd

Page

4-374

4-374

4-375
4-376

4-377

4-378
4-379
4-380

4-380



L

ACRONYMS

ACE Analytic Pressure Distribution Program

ASOP Automated Structural Optimization Program
~CRT Cathode-ray tube

ES2 JSC Structures Branch

ET External tank

FD3 JSC Scientific Computing Branch

FDSET Force data sets ‘

FINDRUN EXEC 8 feature used to check status of batch jobs

FMILL Milling machine lofting routine

FOCAP Aerodynamic Force Coefficient Program
FRISBE Dynamic Modal Response Program

[G] Geometry matrix-

ID identification

IDSD JSC Institutional Data Systems Division
ISAS Integrated Structural Analysis System
JSC Lyndon B. Johnson Space Center

LEC Lockheed Electronics Company, Inc.
LDSET Local loads data sets

NAMELIST  FORTRAN defined input format

NAPSAP NASA POGO Stability Program
NASA National Aeronautics and Space Administration
NASTOF NASTRAN to FRISBE Modal Tape Conversion Program

NASTRAN NASA Structural Analysis Program
NRDBOK North American Rockwecll Deblock Program

NTRAN UNIVAC Systems buffecred input/output 1outine

Xix



POGO

PSD
PSMC
REFOR
rms
RSS
SADSAC

SAMIS
SAP
SATOF
SCRIBL

Self-excited longitudinal oscillations observed in
boyst phase of various types of liquid propellant
1 .unch vehicles

I'ower spectral density

Propulsior System Model Characteristics Program
Flight Conditions Reformat Function

R ‘ot mean square

Ruot summed square

System for Automatic Development of Static Aerothermo-
dinamic Criteria

Structural Analysis and Matrix Interpretive Program
Structural Analysis Program

SAM'S to FRJSBE Program

Scale Rigid Body Loads Program

Single poir. constraint

Sound pressure level

Stability Preprccessor Program

Soiid rocket booster

Static Aercelasticity Correction Progran
Static Arroelasticity Program

Standard unit of processing

Te ve determined

Thermal Protection System

Venting Aralysis Digital Computer Program

XX



[A]
a/b

st

‘o TN o T~ 2

c

P
E
[EBLC]

EC

FCC

SYMBOLS

Area

Coefficient matrix

Element aspect ratio

Area of stiffener

Stiffener spacing

Speed of sound in Panel Flutter function

Column end fixity coefficient in Properties and
Allowables function

Pressure coefficient

Young's modulus

Required output matrix
Transverse compression modulus
Material secant modulus
Material tangent modulus
Ultimate longitudinal strain
Configuration cut-off stress
Allowable bending stress

Local buckling stress
Allowable compressive stress
Crippling allowable stress
Local buckling stress of skin between stiffners
Ultimate compression stress
Interlaminar shear ultimate
Fundamental frequency

Allowable stress duc to pressure

XXi



FS
F
FSU

tor
FTU

(6]
GMASS

G, (£,)

I1
12

[1}

LW
L/p

L/ege

(M]

Material shear allowable stress

Allowable shear stress

In-plane shear ultimate

Allowable tension stress

Allowable torsion stress

Ultimate tensile stress

Shear modulus

Geometry matrix

Generalized mass

Spectral density

Moment of inertia in Fatigue Assessment function
Moment of inertia about first plane

Moment of inertia about second plane

Unit matrix in Model Weight File Generator function
Torsional Constant

Shear area factor about first plane

Shear area factor about second plane

‘Compressive buckling coefficient

Panel shear buckling coefficient
Notch factor

Length

Load matrix

Lumped weight

Slenderncss ratio

Slenderness ratio of stiffners
Mach number

Full mass matrix

xxii



A a4

[MTEF) Required output matrix

n Number or curve shape factor
NDF Number of degrees of freedom
Np Cvcles to failure

Pa Air density

Pcr Calculated allowable force
P Ambient pressure

q Dynamic pressure

R Radius

t Thickness

Tavg Element temperathre

[TR] Transformation matrix

V'l Free-stream velocity

w Weight

Z Effective skin width parameter
a Angle of attack

B Angle of sideslip

Y Section property

Ae Elevon deflection

AP Differential pressure

Ar Rudder deflection

é Damping ratio

n Plasticity correction factor
n Plasticity correction factor (circle)

A Direction cosines of vehicle and reference line
coordinate systems

xxiii



OF

Direction cosines of inertial and reference line
coordinate systems

Poisson's ratio

Radius of gyration in Properties and Allowables
function

Density in Material Data File Generator function
Root mean square stress
Column allowable stress

Angular position on fuselage about X-axis

xxiv

—



w: v

1. PURPOSE AND SCOPE

*

This document defines the requirements for a software system
entitled Integrated Structural Analysis System (ISAS) Phase B.
This system is being developed to provide the user with a tool
by which a complete and detailed analysis of a complex structural
system can be performed in a more efficient manner. This
software system will allow for automated interface with numerous
structural analysis batch programs and for user interaction in
the creation, selection, and validation of data. This system
will include modifications to the 4 functions developed for ISAS
Phase A and the development of 25 new functions. The new func-
tions are:

e Aerodynamic Calculations for Wing and Body Elements
® Aircraft Flight Conditions

e Aircraft Gust and Boost Turbulence Loads

e Basic Structural Dimensions

e Boost Flight Conditions

e Element Property File Generator

e Fatigue Assessment

e Flight Conditions Merge

e Flight Conditions File Reduction

e Internal Loads and Dynamic Characteristics

e Lifting Surface Flutter/Unsteady Aerodynamic Forces
o Load Coetficient Generator

e Matcrial Data File Gencrator

® Model Material File Generator

e Model Temperaturc File Generator

® Panel Flutter
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e POGO Stability
e NASA Structural Analysis Program (NASTRAN) postprocessing

o Properties and Allowables

e Random Vibration Analysis

e Static Aeroelasticity

e Venting Analysis

@ User Model File Generator

o Model Weight File Generator

¢ Motion Picture Generator

Technical requirements for this system originate from the Struc-
tures Branch (ES2). The total system will be developed under

two job orders. Of primary interest for this document is the
interactive system to be developed under job order 84-157,
Integrated Structural Analysis System (ISAS) Design, which is
issued by the Scientific Computing Branch (FD3). Various data
analysis programs will be referred to throughout this document.
These programs are being developed under category 1, job order
81-077, which is the responsibility of the Structures Branch (ES2).
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2. SYSTEM OVERVIEW

The Integrated Structural Analysis System (ISAS) is defined by

33 unique functions plus supporting subroutines, such as
interpolation and matrix manipulation routines. The software
development of ISAS has been divided into two phases, Phase A

and Phase B. Phase A, the first to be developed, is defined by
four ISAS functions and a minimum graphics requirement. The four
Phase A functions are: (1) Aerodynamic and Inertial Loads,

(2) Basic Geometry File Generator (no interactive graphics),

(3) Aerodynamic Data Base Generator, and (4) Aerodynamic Loads.
The requirements for these functions are described in the Detailed
Requirements Document For Integrated Structural Analysis System
(Phase A), LEC-0869. These same four functions are described in
this document only to the degree needed to cover new requirements
and interactive graphics.

The Structures Branch has deleted the requirements to develop

four of the functions in originally planned for Phase B: (1) Dy-
namic Loads, (2) Landing Flight Conditions, (3) Two-Body Separation
Flight Conditions, and (4) Three-Body Separation Flight Conditions.
The requirements for the remaining 25 functions plus the new require-
ments and interactive graphics requirements for the 4 Phase A
functions are described in this document.

2.1 BACKGROUND

Prescnt metho’s of structural analysis utilized by the Structures
Branch require the successive application of stand-alone programs,
each having unique input/output forrits. Each program requires

a high degree of user participation and interaction to select,
interpret, and transfer data between programs and from various
special purpose sources. The size and complexity of the Space
Shuttle structural system makes this approach impractical for
Space Shuttle analysis purposes. As an interim measure to
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help relieve these prob.ems, four high priority functions and a
limited capability graphics system.were developed as ISAS Phase A.
Detailed requirements for the high priority functions were devel-
oped and presented in the Detailed Requirements Document for
Integrated Structural Analysie System (Phase A), Lockheed Elec-
tronics Company, Inc., LEC-0869. These requirements were reviewed
by the Application Configuration Management Board and approved

on December 10, 1973. This system was placed in operation in

late 1974. The Phase B system described in this document will
include the Phase A system and replace the interim graphics
system.

2.2 GENERAL DESCRIPTION

In order to accomplish the required structural design and anal-
ysis for the Space Shuttle program, it is necessary to develop a
system which will allow for automated static and dynamic analyses.
ISAS will be a batch/remote/interactive system using remote graph-
ical displays and several data bases. 'The data bases will con-
tain aerodynamic and structural data in sufficient detail and
quantity to allow prediction of Space Shuttle structu:al behavior
under all expected operational conditions. The I$AS application
programs will utilize this data to calculate trajectory and

flight maneuver parameters as necessary to determine pressure

and inertial forces, and subsequently, to compute structural
responses to such forces.

ISAS will be installed on the UNIVAC 1110 and the Adage 330
graphics system. The development of the system will be a d-il
but integrated effort in the LEC contract. Category 1 support
is presently developing application programs under management of
the Structures Branch (£S2). tategory 4 support will

develop major data bases, storage procedures, maintenance and
retrieval procedures, graphical display routines and procedures,
and other programs deemed necessary to achieve the interactive
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goals of ISAS. C(Category 4 support will also be res  sible for
the interfacing of the total system.

Wing and fuselage cross sections, time plots of aerodynamic
loading, Mach number plots of aerodynamic forces, and vehicle
deformation plots are examples of the type of graphical displays
that will be made available at the Adage terminals. iIn addition,
it is planned that the generation. and maintenance of the temporary
daota bases of the system will be accomplished from the Adage ter-
minal. Where approproate, the system's analytical programs will
be started througi: the use of a conversational remote job entry
feature of the UNIVAC Exec 8 system.

The feasibility of ISAS's meeting functional requirements is
demonstrated by the fact that major applications program compo-
nents of the system are presently operational and are being
utilized in a standalone, batch processing modr. Components
yet to be developed that are vital to system operation are
feasible based on past experience.

Figure 2.1-1 presents a low resolution diagram of the ISAS oper-
ating concepts. The system will be operated via the Adage 330
system, which is connected to the UNIVAC 1110 via a high speed
line. When employing the system, the user will activate the

ISAS Executive program. At this point, the user will be pre-:nted
with a number of options, one of which he must select. The .ormal
procedure wculd be for him to select an ISAS function, defined
with conversational dialogue that will guide the user through

the objectives of that function. The user may select to view

data from the ISAS data base or to build additional files that
will be merged or added to the data base. After the data ménipu-
lation functicus been completed, the user may wish to start
an analytical pro. am which will be run in the batch mode. In
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Figure 2.1-1. — Integrated Structural Analysis System operatinnal concept.
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order to start this batch program, the user will exercise the
Remote Job Entry function of Exec 8. The user may check the
status of the batch job by using another Exec 8 feature, FINDRUN.
If the job has been run and print files exist, the user may
interrogate these files by using the Exec 8 Editor, or he may
use ISAS functicns to review data contained in the data base.

All of the applications programs shown in Figure 2.1-1 will
operate on the UNIVAC 1110 under the control of Exec 8 in the
batch mode. Figure 2.1-1 does not imply where the ISAS functions
will operate. A decision will be made during the development of
the system design as to where the ISAS functions will run (UNIVAC
1110 or Adage DPR4). Part of the ISAS data base will reside on
the Adage mass storage.

2.2 ASSUMPTIONS AND CONSTRAINTS

The detailed requirements for ISAS have been developed with the
following assumptions.

e The development of 1SAS will not require changes to the NASA
Structural Analysis Program (NASTRAN), presently operational
at the Lyndon B. Johnson Space Center (JSC). All NASTRAN
input/output data will conform to the rigid input formats
described in section 3 of the NASTRAN User's Manual (Level 15),
NASA SP-222 (01), June 1972.

e The host computer will be the UNIVAC 1110 computer system or
an equivalent configuration on which NASTRAN will operate and
with which the Adage 330 graphics system can interface
satisfactorily.

e There will be no language limitations for programs such as
plot packages, interactive dialogue routines, etc.

® A maximum of seven and an average of three tape drives will
be required for each analytical batch job in ISAS. These
drives should also be available to programs run as remote
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batch. There will be no tape requirements for the average
interactive functions. However, some data management activi-
ties will require tape usage, but the frequency of these
activities will be very low.

All of the data requirements of ISAS could approach 60 to

75 million words of mass storage on the UNIVAC 1110. However,
since both the ISAS development and the Space Shuttle analysis
will be phased, it is presently reasonable to estimate that

22 million words of UNIVAC 1110 mass stovage will be required
at any one time.

All data files and interactive programs must be designed in
such a way that data can be retrieved and a disp.ay started
at the terminal within 2 to 4 seconds on the average.
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3. OPERATIONAL REQUIREMENTS

3.1 USER _INTERFACE

The four basic requirements of the user interface for the ISAS
are:

e The capability for the user to exercise control over the
operation of the system.

e The capability to edit data obtained from any data file and
to enter data into any defined file.

e The capability to display data (tabulations and graphics) for
manual verification.

® The capability to start remote batch applications programs.

Due to the very large number of input/output files containing
different types of data and the requirement for multifiles of the
same type, the user must be able to specify the file to be used
at any one time. At the same time, the user should be able to
control what dat? is to be retrieved from or written onto the
selected file.

Since ISAS will be comprised of¢ numerous analysis functions, the
user must be provided with a method by whicih he may activate an
individual function. Due to various time restraints, it is not
always reasonable to expect the user to process any of the ISAS
functions from beginning to end. Therefore, it is required that
the system be designed so that the user can stop the processing
of a function and restart at that point at some later time. The
system should provide a means by which it guides the user in
selecting the position to start processing and to minimize the
amount of manual input. The user must also be able to execute
many ISAS functions in the batch mode.
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It is required that the user have the ability to enter data
directly to the system via the remote terminal. This data may
be used to supplement data already in the system or may be used
in place of reading a data file. Also, the user will want to
delete data already in the system or replace some selected data
items at times. Since the data uscd by different functions may
be in many different formats, it is very important that the
system guide the user concerning the format of the data that is
to be enterz..

The various tabulation and graphical displays required are
described in the output sections of each ISAS function. At log-
ical points throughout the processing, the system should indicate
to the user what display 6ptions are available at that time.
After a selection has been made, the user should have the ability
to select the data to be displayed and to enter information such

as plot ranges.

ISAS will also require that the following standard Exec 8 capa-
bilities be provided to the user:

e To initiate a batch job that may require tape input from the

remote terminal.

e To check the status of batch jcbs to determine if they are
backlogged, being processed, or completed.

e To create and/or delete mass storage data files.

A description of the above capabilities can be found in the IDSD
Procedures Manual, part 20, entitled Exec 8 System.

The ability to control the operation of ISAS via the remote ter-
minal is one of the basic requirements. The system must be
designed in such a manner that the user need not be a data proc-
essing expert. Also, the system should not require the user to
make constant reference to either an ISAS Usger's Guide or Exec §
Reference Manual. Guidance should be provided to the user in
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such a way that he is aware of the available options and what
is expected of him. Figure 3.1-1 is an example of the dialogue
between the user and ISAS.

3.2 HARDWARE/SOFTWARE CONFIGURATION

The host computer will be the UNIVAC 1110 computer system, oper-
ating under control of Exec 8. [ISAS will require the following
hardware to be available on the UNIVAC 1110:

e A maximum of seven and an average of three tape drives will
be required for each analytical batch program. There will be
no tape requirement for the normal interactive functions; how-
ever, some data management activities will require tape usage,
but the frequency of these activities will be very low.

® All of the data required by ISAS could approach 60 to 75 mil-
lion words of mass storage. However, since the ISAS develop-
ment will be phased and the Space Shuttle analysis will also
be phased, it is reasonable to estimate, at this time, that
22 million words of mass storage will be required. The
remaining data should be maintained on tape and be available
for loading into mass storage within 24 hours.

e The FR80 microfilm ard hardcopy capability plus CALCOMP plots
will be required in both the batch and remote batch mode of
job entry. The ability of the FR80 to generate movies will
be a special requirement of ISAS and is described in a later
section.

® Access to at least one teletype compatible cathode-ray tube
(CRT) terminal in Building 13 is required.

The requirements for high resolution, interactive graphics hard-
ware are an integral part of ISAS. The graphics system (Adage
330) will interface the engineer with the analysis process in
such a manner that a significant reduction in analysis time will

be accomplished by an increase in the thoroughness of the analysis.

3-3



FORCE INPUTS TO INTERNAL LOADS ANALYSIS
INTERNAL LOADS SUBFUNCTION

ALL SCALE FACTORS HAVE BEEN INPUT

ARE TABULATIONS OF THE SCALE FACTORS TO BE DISPLAYED (REPLY YES
OR NO) _

IF NO

ANY OTHER RIGID BODY LOADS TO BE INCLUDED (REPLY YES OR NO) _ _ _

IF YES
ARE THE X,Y,Z TRANSLATION ACCELERATIONS TO BE INPUT VIA THE
TERMINAL (REPLY YES OR NO) _ _ _

IF NO
ENTER FILE NAME (MAX. OF 12 CHARACTERS) FOR FLIGHT CONDITIONS
FILE ‘

Figure 3.1-1. — Sample of dialogue between user
and machine.
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To provide the intcractive graphics capability required by LSAS,

it will be necessary to have two graphics work stations in

Building 13 that have the following features:

Twenty-one-inch CRT

Keyboard

Function keys

Light pen

Trackball

Hardcopy capability

Character generator with rotation and multiple character sizes
Data tablet

Vector generator with multi:ple line types; i.e., solid, dashed,
dotted, and variable line brightness

Image characteristics, including three-dimensions, zoom, rota-
tion, translation of specified parts of display, automatic
scissoring, and 4096 x 4096 resolution

3.3 APPLICATIONS INTERFACLE REQUIREMENTS

ISAS is required to interface with numerous batch analysis

programs. This interface places three requirements on ISAS:

Preparation and validation of input files for the analysis
programs

Acceptance of output files from the analysis programs

Ability to start the analysis programs in the remote batch
mode.

The batch analysis programs are:

Transform Body Loads to Fine Grid

Scale Rigid Body Loads (SCRIBL)
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System for Automatic Deveiopment of Static Aerothermodynamic
Criteria (SADSAC) Reformat Program

Aerodynamic Force Coefficient Program (FOCAP)
Skin Friction Drag

Analytic Pressure Distribution Program (ACE)
Aircraft Maneuvers '
Lifting Surface Flutter

Gust Response

Turbulence Response

Boost Flight

NASA Structural Analysis (NASTRAN)

Automated Structural Optimization (ASOP)

Analysis of Aerospace Structures by the Displacement Method
(Air Force Program)

Panel Flutter Program

POGO Stability

Report Program

Grid Poirnt Resequencing Program

Accumulative Damage Fatigue Program

Equivalent Damage Spectra Fatigue Program

Loads Coefficient Generator

Dynamic Modal Response Program (FRISBE)

NASTRAN to FRISBE data conversion (NASTOF)

North American Rockwell Deblock Program (NRDBOK)

SAMIS (Structural Analysis and Matrix Interpretive Program) to
FRISBE data conversion (SATOF)

Aerodynamic Noise Model
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e Random Response

e Static Aeroclasticity

e Venting Analysis Digital Computer Program (VADIC)
® Acoustic Noise Model Program

® Adjust Steady-State Aerodynamic for Unsteady Effects and
Calculate Generalized Forces

The preceding list does not contain all the programs that will
interface with ISAS at any one time. Any program that conforms
to the formats of ISAS data files will be allowed to interface
with ISAS.



4. 1ISAS FUNCTION REQUIREMENTS

4.1 AERODYNAMIC AND INERTIAL LOADS

This function of ISAS was separated into two subsystems (Force
Inputs to Internal Loads Analysis and Body Loads Analysis)

during Phase A development. The detailed requirements for each
subsystem can be found in the Detailed Requirements Document

for Integrated Structural Analysis System (Phase A), LEC-0860.
Since that development, additional requirements have been created
for each subsystem and are described in the following sections.
Only the new requirements and graphical output are discussed.
Figure 4.1-1 is a data flow diagram showing the two subsystems
for Aerodynamic and Inertial Loads.

4.1.1 FORCE INPUTS TO INTERNAL LOADS ANALYSIS

4.1.1.1 Purpose

This subsystem is needed in order to prepare a file of NASTRAN
bulk data card images containing aerodynamic and/or inertial
loads. Once the file is complete, it will be input to NASTRAN
for analysis. It is required that this subsystem be designed
primarily to operate in the demand mode and provide the remote
terminal user with the ability to include loads data, to have
d.ta displayed for his analysis, and to perform data modifica-
tions and additions. Figure 4.1-1 shows the data flow for the
Force Inputs to Internal Loads Analysis subsystem.

4.1.1.2 Input

The input data required by this subsystem can be cbtained from
any combination of the following eight data files.

® SCRIBL Output File
@ ISAS Flight Conditions File

e Merged Flight Conditions File
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e Uscr Model File

e Model Weight File

[ Cp at Required Points File
® VADIC Output File

® Force Coeffici~nt Data File

Detailed descriptions of these files can be found in the appendix
of this docurient. In place of any data file, the user may
select to enter data directly at the remote terminal.

4.1.1.3 Processing

In the Phase A system, the following information is retrieved
from the ISAS Flight Conuitions File.

e Rigid body X, Y, and Z translational accelerations
e X, Y, and Z axes rotational accelerations
e Flexible body generalized coordinate .ccelerations

These data =re used to construct images of NASTRAN bulk data cards.

A requirement of the Phase B system .s that the subsystem must
have the capability to retrieve these data from either an ISAS
Flight Conditions File or a Merged Flight Conditions File. If

the user elects to use the ISAS Flight Conditions File, the
program should function as it is now _-oded and described in the
Phase A detailed requirements document. If the Merged Flight
Conditions File is to be used, a new retrieval method is required.
Before any data are retrieved from the merged file, the user should
be allowed to have the time and a two-word identification block
from each data block displayed. When selecting data from the
merged file, the user must use the two-word identification block
in place of time because time may not be unique on the merged
file. Once the data have been selected, the processing will be
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the same as is now coded and described in the Phase A detailed
requirements vocument for data from the IGAS Flight Conditions
File.

4.1.1.4 OQurtput

The primary output of this subsystem is the Model Loads File,
which contains ca.d images of NASTRAN bulk data cards. In pre-
paring these card images, the user requires the ability to have
both input -nd cutput data (tabulations) displayed at the remote
terminal. Yhe display of the card images should be a straight
listing with no special headings.

If differential pressure (AP) is to be calculated, four different
types of plots may be requested. The machine should calculate
the maximum and minimum values for the plots. The first plot

is the AP versus Mach number for the selected station.

For this¢ plot, the user must specify the X, Y, and Z coordinates
of the station. An example of this display is shown in

figure 4.1-2.

Figure 4.1-3 shows an example of the ¢econd type of plot for a
fuselage. For this plot, the user must specify the time and
angular position, ¢, for the fuselage, (percent chord Y for wing,
.2rcent span Z for tail). A plot of the vehicle at the given ¢
is shown at the bottom of the plot.

For the third tvpe of plot, the vehicle cross section at a given
X station will be plotted, about which the differential pressure
at all values of ¢ will be plotted. Also, a reference guide
for AP equals 0 should be plotted around the cross se<tion. The
uscr must supply the time and X station (Y for wing, Z for tail)
before the plot can be created. Figure 4.1-4 shows an example

of this display.
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The last plot type should contain AP versus time for a given
location (X, Y, and Z coordinates) on the vehicle. Figure 4.1-5
shows an example of this type of plot.

4.1.2 BODY LOADS ANALYSIS
4.1.2.1 Purpose

This subsystem is required in order to calculate bcdy ioads for
different stations on the vehicle for v-r.sus flight conditions.
It should be designed to operate primarily in the demand mode
and provide the user, at the remote terminal, th= ability to
interactively (1) select the'type and quantity of input data to
be included, (2) display the data and computational results for
his analysis at various key places in the program, (3) perfora
data modifications and additions, and (4) select the format for
the tabulation and graphical outputs at the remote terminal.

This subsystem is aiso needed to create a Load Input Data F-ile.
This file will contain body loads data which arc needed for
NASTRAN processing and analysis. A batch transformation program
will use the data from this file to create a NASTRAN Input Loads
File which will be input to NASTRAN. Figure 4.1-1 shows the
data flow for the Body Loads Analysis subsystem.

4.1.2.2 Input

The input data required by this subsystem will be obtained
from the three data files listed below.

e ISAS Flight Conditions File
e Force Coefficient Data File

e Load Coefficient Dat=2 File

Detailed descriptions of these files can be found in the appendix
of this document. The user will have the capability to supplement
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o modify any of the data obtained from the above files by the
use of the remote terminal.

The user will also input by cards or at the remotc terminal any
information needed by this subsystem to produce the desired
output from the data obtained from the abovc files. This infor-
mation will include:

@ The load stations at which loads are to be calculated
e The times at which loads are to be calculated
® The dynamic factors to be used

e The format ID for tabulations and graphical displays output

4.1.2.% ?roce551ng

The Phase A detailed requirements document describes the four
subfunctions .hich make up the Body Loads Analysis subsystem.
This document describes the requirements for a fifth subfunction,
Order Body Loads.

Order Rody Loads will take many Body Loads Data Files, determine
the maximum and minimum loads for e¢ach load station from each
file, and then order these maximum and minimum loads for display.
The maximum and minimum loads will be output on a Maximum Loads
Data File.

Four scparate cases should be considered in this subsystem.

1. No previous Maximm Loads Nata File exists, and the file
must be generated from scratch.

[35)
.

An old Maximum lLoads Data ¥File exists, and the file must
be updated using new Body lLoads Data Files as input.

3. The data contained on a Maximum Loads Data File will be

ordered.

4. The data contained on the Maximum Loads Data File will be

displayed.
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For case 1, a Body Loads Data File will be input. The start

and stop times will be displayed, and the user will enter the
start and stop times to be used in retrieving data. The load
stations will also be displayed for the user to select those

stations to be used in retrieving data. Using the time range
input, the file will be searched, and the maximum and minimum
values four each total load component (i.e., shear X, shear Y,

shear Z, moment X, moment Y, moment Z), root summed square (RSS)
force, and RSS moment will be located for each load station
selected by the user. After each of these maximum and minimum

values are located, the time that the maximum or minimum load
occurred and the other eight loads (three shears, three moments,
RSS shear, RSS moment) will be output onto the Maximum Loads
Data File.
ponent in the following order.

Miximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Minimum
Maximum
Mirimum
Maximuﬁ
Minimum
Maximum

Minimum

These data values will be output for each lovad com-

shear X
shear X
shear Y
shear Y
shear Z
shear Z
moment

moment

X

X
moment Y
momeni Y
moment Z
moment Z
RSS shear

RSS shear
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e Maximum RSS moment

e Minimum RSS moment

For case 2, a Maximum Loads Data File which has already been
created will be updated using one or more Body Loads Data Files.
The following comparisons will be performed on the identification
(ID) blocks of the Maximum Loads Data File and the Body Loads
Data File.

o The first two words of the 24-word title block will be checked

for a match.

e All of the load stations contained on the Maximum Loads Data
File must exist on the Body Loads Data File.

e The start and stop times on the Maximum Loads Data File must
be within the start and stop times of the Body Loads Data
File.

[f any of these comparisons fail, a detailed message describing
the problem will be output, and the program will request a new
Body Loads Data File. After a valid Body Loads Data File is
input, the maximum and minimum loads for this file will be
located as described in case 1. These maximum and minimum
loads will be output onto the next file of the Maximum Loads
Data File. This procedure is repeated until all Body Loads
Data Files have been input. At this time, case 3 (ordering

the loads) will be activated. Ordering the loads will consist
of searching the entire Maximum Loads Data File and crdering
each load component for each load station. These ordered values
will be displayed for the case 4 option.

Four display format options will exist.
1. One load component only

2. Load matrix



3. File numbers and partial titles list

4. Full titles for the file numbers input

For display options 1 and 2, the user will select the load
stations he wishes to have displayed. For display option 1,
the user will select the number of ordered values (NUMB) to be
displayed and one of the following opticns:

a. Both maximum and minimum ordered values
b. Only maximum ordered values
c. Only minimum ordered values

d. Ordered absolute values

The format for display o =~ la is shown in figure 4.1-6. The
format for display optac , 1c, and 1d is shown in fi;-

ure 4.1-7. The format f, Jdisplay option 2 is shown in {ig-

ure 4.1-8. Display option 3 hould consist of a list of the
file numbers and as much of the individual titles as can pos-
sibly fit onto one line. The first two words of the title
should not be output as they will be the same for all files.
Display option 4 should consist of the user inputting a sequence
of file numbers and the program outputting a list of the file
numbers and the full title for each file number.

4.1.2.4 Qutput

The Body Loads Analysis function is comprised of five subfunc-
tions. Each of these subfunctions will output a data file.
These output files are:

e Compressed Aerodynamic Forces and Conditions File
e Load Input Data File

o Body Loads File

e Modified Body Loads File

o Maximum Loads Data File
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Detailed descriptions of these files can be found in the appendix
of this document. The Load Input Data File is the only file
which will be used by another ISAS function. The batch Body
Loads Transformation Program will use this file as input and
create a NASTRAN Input Loads File. NASTRAN will use this input
file in the processing of body loads data. The transformation
program will operate in the batch mode and is not discussed in
this document.

The tabulation displays required for data from the first four
files listed are described in the Phase A detailed requirements
document. The tabulation displays required for the data from
the Maximum Loads Data File are described in the preceding sec-
tion, and examples of these displays are given in figures 4.1-6,
4.1-7, and 4.1-8.

Graphical displays will be required for the data contained on
the Body Loads File, Modified Body Loads File, and Maximum

Loads Data File. All graphical displays should be generated

for a specific component of the vehicle such as Orbiter fuselage
or Orbiter right wing.

Data contained on the Body Loads File or the Modified Body Loads
File should be displayed as described in the following paragraphs.

1. Display 1 will be 2z plot of load versus station for a
given time. The ordinate shouid be the total shear X, Y,
or Z;: the total moment X, Y, or Z; the RSS shear; or the
RSS moment. The abscissa should be the X, Y, or Z station.
For example, the X station would consist of all load stations
with given Y and Z coordinates.

2. Display 2 will be the same as 1 except the ordinate will
be the difference in total loads between two stations.

3. Display 3 will be the same as 1 except multiple loads
may be plotted on the ordinate. The ordinate may be any
or all of the component loads as well as the total loads.
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4. Display 4 will be a plot of load versus time for a given load
station. The ordainate should be the total shear X, Y, or Z;
the total momz-nt X, Y, or Z; the RSS shear; or the RSS moment.
The abscissa will be the time bounded by the user selected
start and stop time.

5. Display 5 will be a plot of maximum loads between given
start and stop times versus station. The ordinate will be
the maximum total shear X, Y, or Z; the total moment X, Y,
or Z; the RSS shear; or the RSS moment. The abscissa should
be the X, Y, or Z station.

6. Display 6 will be the same as display 5 except it will be a
plot of the minimum loads.

7. Display 7 will be the same as display 1 with the following
exceptions. A maximum of five plots may be drawn on one
display. The data for these plots may be taken from any
combination of five Body Loads Files.

8. Display 8 will be the same as display 4 except a maximum of
five plots may be plotted on one display. Each plot will
be from a different Body Loads File. The user will also
select the start and stop times for this display.

9. Display 9 will be a plot of component load versus time for
a given load station. The ordinate should be the component
shear X, Y, or Z or the component moment X, Y, or Z.

There will be two displays for data from the Maximum Loads Data
File. These displays will be the same as displays 5 and 6.
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Figure 4.1-1. — Data flow diagram of Aerodynamic
and Inertial Loads function.
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ORDERED LOADS FOR SHEAR X
VEHICLE COMPONENT: ORBITER FUSELAGE
LOAD STATION: X = 1365.0 Y = -150.7 7 = 480.5

MAXIMUM VALUES MINIMUM VALUES
NUMBER FrILE NUMBER TIM: LOAD VALUE FILE NUMBER TIME LOAD VALUE
6 109.5 758109.5 20 10.2 -109542.9
20 2.3 746925.4 15 80.1 -98765.8
15 10.6 730795 .1 30 40.3 -87654.3
NUMB 140 1055.6  545454.4 120 80.4 5004.3
Figure 4.1-6. — Display for both maximum and minimum ordered loads.
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ORDERED LOADS FOR ABSOLUTE SHEAR Z
VEHICLE COMPONENT: RIGHT WING
LOAD STATION: X = 1390.3 Y = 179.5 Z = 200.9

NUMBER FILE NUMBER TIME LOAD VALUE
1 7 1.0 758942.6
2 18 100.5 -747653.4
3 i03 50.4 723218.6
NUMB 29 986.5 -543214 .4
Figure 4.1-7. — Display for one set of ordered loads.
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4.2 AERODYNAMIC DATA BASE GENERATOR

The original requirements for this function were described in

the Detailed Requirements Document for Integrated Structural
Analysis System (Phase A), LEC-0860. The Phase A system included
the capability to satisfy all of the requirements except for
graphical output. Since the development of Phase A, additional
requirements have been identified and are described in the fol-
lowing sections. Only the new requirements and graphical output

are discussed in this document.

4.2.1 PURPOSE

This function will generate and maintain data files containing
pressure coefficients to be used by other ISAS functions and
batch analysis programs. This function will also create tabular
and zraphical displays of data at the remote terminal to be

used by the engineer for data validation. Figure 4.2-1 is a
data flow diagram of the function.

4.2.2 INPUT

Data for the Aerodynamic Data Base Generator function may be
obtained from any combination of the following sources:

e Interim SADSAC Data File

e User Model File

® Acrodynamic Data File

e Acv~dynamic Influence Coefficients File
e ACE Output Data File

e Manual input through the remote terminal

Detailed descriptions of the data files are contained in the
appendix of this document.
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4.2.3 PROCESSING

In the Phase A system, the pressure coefficients were identified
and retrieved by Mach number (M), angle of attack (a), angle of
sideslip (B), elevon deflection (Ae), and rudder deflection (Ar).
New configurations of the Space Shuttle have shown that additional
retrieval parameters are required and that different parameters
are needed for different configurations. It is now required that
each Aerodynamic Data Base allow for a minimum of 3 and a

maximum of 15 retrieval parameters. The first three retrieval
parameters will be Mach number (M), angle of attack (a), and
angle of sideslip (B) on each data file. The remaining retrieval
parameters will be variable for each file. All of the sets of
data on a file will have the same retrieval parameters.

All other requirements described in the Phase A detailed require-
ments document will apply to the Phase B system.

4.2.4 OUTPUT

The primary output from this function will be the Aerodynamic
Data Base. However, the C_ at Required Points File can be

used as input to other ISAS functions and batch programs and is
therefore considered an output file.

The user requires the capability to have tabular and/or graphical
displays created using data from the following files:

e Interim SADSAC Data File

° Cp at Required Points File
e User Model File

® Aerodynamic Data File

e Acrodynamic Data Base

® ACE Output Data File
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From the User Model File, the displays will consist of graphical
displays of geometric data, which will describe the model. The

user will have the capability to wmodify the data on this file in
the User Model File Generator.

Figure 4.2-2 is an example of the tabular display of pressure
coefficient (Cp) data. This data display will be created from
any file containing this type of data. The program should
provide the -apability to modify (change only) any of the data
displayed.

The graphical display should be as general as possible and con-
tain the same identification data as the tabulations. The
ability to plot the following measurements should exist:

] Cp versus selected X, Y, or Z coordinate

° Cp versus selected retrieval parameter and value
Figure 4.2-3 is an example of this plot type.

The capability to disple¢y in tabular form the force and moment
totals is also required. The values for the measured totals
will be retrieved from the C_ at Required Points File, and the
calculated values will be retrieved from the Aerodynamic Data
File. Figure 4.2-4 is an exzmple of this type of display.
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Figure 4.2-4. — Example of tabular display of force
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4.3 AERODYNAMIC LOADS

The Detuiled Requirements Document for the Integrated Structural
Aralysis System (Phase A), LEC-0860, contained the original
requirements for this function. The Phase A system, as developed,
included the capability to satisfy those requirements except for
graphical displays. Since the development of the Phase A systen,
additional requirements have been identified and are described

in the following sections. Only the new requirements and graph-
ical output requirements are discussed in this document.

4.3.1 PURPOSE

This function wilil create a data file containing force coeffi-
cients; the file will be used in other ISAS functions and batch
analysis programs. This function will consist of three distinct
operations. The first will be under control of the demand pro-
gram and will serve the purpose of creating a Cp at Required
Points File. The demand program will then release control to
two batch analysis programs, FOCAP and Skin Friction Drag, which
will use the Cp at Required Points File and the User Model File
as input and will output force coefficient data and skin fric-
tion data, respectively. These files will then be used by the
second demand subfunction to form a Force Coefficient Data File.

This document is concerned with only the demand processing;
however, all input/output files are described in the appendix.
Figure 4.3-1 is a data flow diagram of the Aerodynamic Loads

function.

4.3.2 INPUT
The following files will be used as input.
e Aerodynamic Data Base

o User Model File
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® Skin Friction Data File

e Force Coefficient Data File
Each of these files is described in the appendix of this document.

Additional input will be supplied using cards or the remote ter-
minal. Control over the operation of this function will be
exercised through the remote terminal or card input; the user
will specify the data to be retrieved, interpolated, integrated,
and edited.

4.3.3 PROCESSING

In the Phase A system, the pressure coefficients (Cn) contained
on the Aerodynamic Data Base were identified and retrieved by
Mach number (M), angle of attack (a), angle of sideslip (B),
elevon deflection (Ae), and rudder deflection (Ar). The force
coefficient data was also identified and retrieved using the
same parameters. New configurations of the Space Shuttle have
shown that additional retrieval parameters are required and that
different parameters are needed for different configurations.
Each data set will be identified by a minimum of 3 and a maximum
of 15 retrieval parameters. The first three retrieval parameters
will always be Mach number (M), angle of attack (a), and angle
of sideslip (8). The remaining retrieval parameters will be
variable for each file, but all data sets on a file must have
the same parameters.

In many cases the required data will not be contained in the
Aerodynamic Data Base. In these cases, the program will be
required to perform linear interpolation to obtain data for the
selected values of the retrieval parameters. A detailed descrip-
tion of the linear interpolation requirements is contained in the
detailed requirements document for Phase A. This interpolation
routine will interpolate on a minimum of three and a maximum of
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six retrieval parameters. The first three will always be Mach
number, angle of attack, and angle of sideslip. The user may
select any other retrieval parameter for interpolation as

required.

4.3.) OUTPUT
The following files are output by this function:
° Cp at Required Points File

o Force Coefficient Data File

This function will have the capability of displaying tabulations
and graphics of data from all input and output files. The remote
terminal displays required by this function are identical to the
displays of the Aerodynamic Data Base Generator function.
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Figure 4.3-1. — Data flow diagram for Aerodynamic
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4.4 AIRCRAFT FLIGHT CONBITIONS

4.4.1 PURPCGSE

This function will allow the user to simulate the Space Shuttle
Orbiter maneuvering in the atmosphere and tc¢ caiculate flight
parameters at incremental time points. The user will operate
in the demand mocu: from a remote terminal and will have the
ability to (1) retrieve stored input data from files, (2) dis-
play and modify this input at the console, (3) submit the batch
program for execution, and (4) display the program output in

graphical form at the console.

A Rzteh Flight Conditions File will be created by the Aircraft
Maneuvers Program in order to store the results. This file will
be accessed to display the output at the terminal and to produce
reports. Figure 4.4-1 is a data flow diagram for the Aircraft
Flight Conditions function.

4.4.2 INPUT

Input for this function will be obtained from the following

source-.

e Basic Data File

e Force Coefficient Datzc File
e Standard Atmosphore File

o Keyboard input at the terminal

The input will be stored in a temporary Aircraft Flight File.
This file will be used as input to .P- Aircraft Maneuve.s Program.

4.4.3 PROCESSING

From the demand terminal, ISAS will interactively guide the
user in the preparation of his input. The Basic Data File,
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the Aerodynamic Data Base, and the Standard Atmosphere File will
be referenced as nceded to assemble the input data for the pro-
gram. A Jetailed description of the required input values for
the Aircraft Maneuvers Program can be found in the program
documentation.

Additional input can be typed into the terminal directly from

the console keyboard. The input will be tabulated and displayed
on the console so that the user can review his input and make

any desired changes. Figure 4.4-2 is an example of the displays
~hich will be available for each case. For each configuration,
the following curves for alpha (pitch angle) versus force coeffi-
cient can be displayed in' tabular form.

1. Alpha versus Ca for each beta (yaw angle)

2. Alpha versus CZ for each beta

wi
.

Alpha versus CM for each beta

4. Alpha versus delta CA for each elevon deflection

[¥a]

Alpha versus delta CZ for each elevon deflection

6. Alpha versus delta CM for each elevon deflection

An example curve for alpha versus Ca for .:ach beta is given in
figure 4.4-3. Hardcopies of tnese displays may be obtained for
report purposes.

The input will be stored in a Input Flight Conditions File

to be used by the Aircraft Maneuvers Program; The program will
be executed and output will be stored in the Batch Flight Condi-
tions File and an Aircraft Plot Data File.

The Aircraft Plot Data File will contain curves of output param-

cters versus time. These curves can be plotted directly by the
batch program or displayed on the console screen. Table 4.4-1
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contains a list of the 16 displays that will be available. Each
consists of three plets of different variables versus time in
sceconds. The output can also be shown in tabular form. This
will consist of all parameters calculated at a particular time
interval, as shown in figure 4.4-4. All of the displays can

be obtained in hardcopy form also.

4.4.4 OUTPUT

The Batch Flight Conditions File will contain data to be used

by other ISAS functions. It will be reformatted by REFOR, the
Flight Conditions Reformat Function, to generate the ISAS Flight
Conditions File,

Console output for this function will consist of tabular dis-
plays of the input and output. Plots of the output values will
bc available as detailed in table 4.4-1. The plot data will be
stored in an Aircraft Plot Data File. All terminal displays
will also be available in hardcopy form as computer printouts
or SC-4060 plots.
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Figure 4.4-4. — Output tabulation exumple of all parameters

calculated at a particular time interval.
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TABLE 4.4-1.

— AIRCRAFT MANEUVERS PROGRAM PLOT CAPABILITIES

Plot

Number Variable Description
NXXD
1 NYYD Linear accelerations for load computations
NZDD
TXXD
2 TYYD Angular accelcrations for loads
Tabh
ALPH Pitch anple of attack
3 BLTA Yaw angle of attack
DILTA Elevon deflection
QBAR Dynamic pressure
4 MACH Mach number
VRIL Relative velocity
ALT Altitude
5 GIM Pitch gimbal angle
THRUST Thrust
VWX
6 VWY Be components of flight winds
VWZ
PRLSS Atmospheric pressure
7 DLNSTY Atmospheric density
TEMP Atmospheric temperature
VRELX
8 VRELY X, Y, Z body components of reclative velocity
VRELZ
0] Axial veclocity
9 / Y-body velocity
W Z-body velocity
unoT Axial acceleration
10 VDot Y-body uacceleration
WDOT Z-body acceleration
P Roll rate
t1 Q Pitch rate
R Yaw rate
PpOT Rolling acceleration
12 qQnor Pitch acceleration
RDOT Yaw acceleration
PHI X-Luler angle
13 THA Y-Luler angle
Psi Z-tuler angle
PHID X-Euler angle velocity
14 THAD Y-luler angle velocity
PSID Z-tuler angle velocity
XTADP X inertial position
1 YCAP Y-ainertial position
ZCAP Z-incrtial position
YCAPD X-inertial velocity
16 YCAPD Y-inertial velocity
ZCAPD Z-inertial velocity
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4.5 AIRCRAFT GUST AND BOOST TURBULENCE LOADS

4.5.1 PURPOSE

This function will allow a user, working in the demand mode from
a remote terminal, to prepare input files for various batch pro-
grams. Input and output data can be viewed at the terminal in
graphical and tabular form. The batch programs will be the
Adjusted Aerodynamics Program, Gust Response Program, and Tur-
bulence Response Program. Figure 4.5-1 is a flow diagram showing
the subfunctions of the Aircraft Gust and Boost Turbulence Loads.

4.5.2 INPUT

The following six files will be used as input for this function.
e User Modal File.

e Force Coefficient Data File

e Trajectory Data File

e Unsteady Gust Generalized Forces File

e Load Coefficient Data File

e Standard Atmosphere File

e Static Aerodynamic Influence Coefficients File

® Turbulence Spectra File

The user will also be required to enter some data at the terminal
via the keyboard.

4.5.3 PROCESSING

The entry point for Aircraft Gust and Boost Turbulence Loads
will depend on the user's option to execute the batch Adjusted
Aerodynamics Program. If the user intends to run this program,
he will cnter the function at the top of the flow diagram.
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The Acrodynamic Force Cocfficient Data File will contain force
cocfficicent data indexed by flight condition. The user will
type the file title/ID data and a set of flight conditions (Mach,
angle of attack, angle of sideslip, and inboard and outboard
elevons). The force coefficient data corresponding to the input
flight conditions will be retrieved from the file. If the spec-
ified flight conditions are not found in the file, then the ISAS
Flight Conditions Interpolation routine will be used to obtain
data at the designated flight conditions. The data will be
displayed at the terminal in tabulated form, as shown in

figure 4.5-2.

The Unsteady Aerodynamic Generalized Forces File will contain
grid point numbers and locations, reduced frequencies, Mach
numbers, generalized forces, aerodynamic influence coeffi-
cient matrix, reference area matrix, downwash matrix, and velo-
city potential. The generalized forces matrix can be tabulated
and displayed on the cathode-ray tube (CRT) as shown in

figure 4.5-3.

Formation of a temporary Gust Input File is the next step in
the function. Input for this file will be gathered from the
six input files. Data can also be entered by the user through
the terminal keyboard.

The Trajectory Data File will contain trajectory information
for selected Mach numbers. The user will input a Mach number;
the time, flight conditions, and type of wind profile will be
displayed on the screen.

The Load Coefficient Data File will contain shear and bending
moment coefficients for selected vehicle stations. The user
can display this data in tabular form and select the desired

load stations.
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Density as a function of altitude will be retrieved from the
Standard Atmosphere File.

Both the Gust Response Program and the Turbulence Response Pro-
gram will output a Response Output File. The Response Output
File will contain the aircraft response to the power spectral
density (PSD) function for the various load conditions. In
addition, it will contain shear and bending moments, frequencies,
load station coordinates, root mean square integral of PSD (02),
and number of times per unit time a load will be exceeded (NO).
An example of tabulations and graphics to be displayed for this
file is shown in figure 4.5-4.

4.5.4 OUTPUT

The output for this function will consist of graphical plots,
data tabulations, and output files. The plots and tabulations,
described in the previous section, will be displayed on the
screen at the remote terminal.

Files created by this function will be:

e Unsteady Aerodynamic Generalized Forces File
e Response Output File

e Combined Data File

e Gust Input File

Descriptions of these files can be found in the appendix.
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Figure 4.5-1. — Data flow diagram for Aircraft Gust

and Boost Turbulence Loads.
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Figurc 4.5-1. — Data flow diagram for Aircraft Gust
and Beoost Turbulence Loads (concluded).

4-45



FORCE COEFFICIENT DATA

MACH NO. = X.XXX ALPHA = XX.XXXX REF. AREA = XXXX.

GRID POINT LOAD STATION FORCE MOMENT
N X Y 4 FX FY FZ MX MY
Figure 4.5-2. — Force Coefficient Data File tabulation format.
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UNSTEADY AERODYNAMICS CENERALIZED FORCES

MACH N9 . = X.XXX RED. FREQUENCY = XXXXX
GRID POINT 1 2
NUMBER
R I R I
1 . . .
2 L L] L ] L d
Figure 4.7 3. -~ Gene-alized 7 rces matrix example.
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RESPONSE QUTPUT

BENDING MOMENTS SHEAR FORCES
¢(f) o(f)
. | -
w/V (rad/ft) w/V (raa/ft)
STATION ol o N,
X Y 2

Figure 4.5-3. — Tabulations and g.aphics displayed for the
Response Qutput File.
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1.6 AERODYNAMIC CALCULATIONS FOR WING AND BODY ELEMENTS

4.6.1 PURPOSE

This function will provide an interactive interface to the
Analytic Pressure Distributi>n (ACE) program. The ACE Program
will calculate pressure cocfficients at points on a flight
vehicle for a specified aercdynamic condition. Data from ACE
will be used to supplement other pressure coefficient data on
the wing and vertical tail surfaces. In addition, the program
will calculate and create an ISAS file of rigid wing aerodynamic
coefficients as required by the Static Aeroelast.city Program.
Figure 4.6-1 is a data flow diagram for this function.

4.6.2 INPUT

The input will consist of the User Model File and data entered
by the user from the terminal. This data will be of two types —
data input for the ACE Program and data entered to guide the
processing and graphical displays of the function.

4.6.3 PROCESSING

rhe first step in . he processing of this function is to build
the ACE Data File, which will be used as input to the ACE P1,-
gram. The terminal user will be requested to enter the names of
data files to be used for input. These will include:

1. User Model File which the user will be able to review as a
reference for adjust ag his input data. If the User Model
File is requested, the terminal user will be able to view
the file contents (the structural model definit on) on the
terminal screen.

2. File where t;.c use ACE input data are stored. The user
will he able to cais« up this file, view it on the screen,
and make modifications to the data. The user will be able
to store the modified input file with the same file name or
store it as a new file.
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The terminal user will also hare the capability of entering the
entire ACE input dais at the terminal. When the user is satis-
fied with the input data on his file, he will be able to desig-
nate a file as the ACE Data File. The ACE Data File will be
thc¢ input to the ACE Program. The user will be able to view
the ACE Data File at the terminal and make any final modifica-
tions needed. The user may request a printout of the ACE Data
File.

[he second step in the processing of this function will be ini-
tlating the execution of the batch program ACE. Here, the user
will be requested to name the ACE Data File, name the output
files, and specify which types of output are desired.

First, the terminal user will be requested to enter the file
name of the ACE Data File if it has not been created in the
previous step of this function. Second, the user will select
from a menu the options available for executing ACE:

1. Normal batch processing of the program

~
.

Generating the Aerodynamic Influence Coefficients File

3. Generating the ACE Output Data File with a report-form
printout

If the user selects normal batch processing, the ACE Program
will execute normally, and standard output and plots will be
produced.

The user may choose instead to create one or both of the ISAS
output files (2 and 3 above), view tabu ations aand graphical
displovs of tho .¢ files, and have program output generated in

report form.
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The first file that can be generated by the ACE Program will be
the Aerodynamic Influence Coefficients File. This file will
output coefficients versus panel control points fo. use by the
Static Aeroelasticity Program. After the user specifies that

he wants this file to be generated, he will be requested to enter
the file name to be used. The file will be generated during

the execution of ACE. After the file is produced by ACE, the
user will be able to display the contents of the file at the
terminal screen. The form of this display will show the coeffi-
cients versus panel control points in a table with headings.
After viewing the file, the user will have the option of storing
it as the Aerodynamic Influence Coefficients File or releasing
it. If the user does not store the {ile, he will be able to
return to the beginning of the function to form another ACE
Input File.

The second file that can be generated by the ACE Program will be
the ACE Output Data File. The file will contain pressure coef-
ficients at panel contrcl points for upper and lower wing and
deltza pressure coefficients (ACp) at each control point. After
the user specifies that he wants the file to be generated, he
will be requested to enter the file name to be used when storing
the file. The file will be generated during the execution of
ACE. After the file is produced by ACE. the user will be able
tc select from a menu the type of display to be generated.
Cisplay options will include:

1. Tabular output of pressure coefficients versus panel control
points displayed at the terminal

2. Plots of pressure coefficients versu,; panel control points
displayed at the terminal.

3. ACE Program output in report format

4-51



If the user chooses option 1 or option 2, he will then select
the specific tabulations from a menu of available choices.
These will be:

e Upper wing Cp versus panel control points along wing chords
e Lower wing Cp versus panel control points along wing chords
° ACp versus panel control points along wing chords
~ "~ :r wing Cp along the percent span
.T wing Cp along the percent span
Acp along the percent span
e Upper wing Cp on the span
e Lower wing Cp on the span
° ACp on the spar
e Upper wing Cp along percent chord
® Lower wing Cp along percent chord

. ACp along percent chord

For the tabulations, the user will be able to enter a descrip-
tive heading at the terminal. Mach number and angle of attack
will also be displayed on the tables.

For the plots, the user will be able to enter a descriptive
heading at the terminal. Mach number and angle of attack will
be displayed on the plots. An example of the basic form of the
plots is shown below:

Mach No, =
Alpha = degrees

[ .

X1 station (percent of chord)
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[f the user selects option 3, the ACE Program output and plots
will be generated in a format suitable for report documents.

4.6.4 OUTPUT

The followi'.g files will be available for output:
e Aeirndynamic Influence Coefficients File

e ACE Output Data File

¢ ACE Data File

4-53



-

{ CARD OR |
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TERMINAL INPUT
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INPUT
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CIENTS

REPORT

PRINTOUT SC-4069

Figure 4.6-1. -~ Data flow diagram for Aerodynamic
Calculations for Wing and Body Elements.
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4.7 BASIC GEOMETRY FILE GENERATOR

4.7.1 PURPOSE

The Basic Geometry File Generator function will create a file
containing the surface functions or control points necessary to
analytically describe the geometric surfaces of a model. Basic
curve definitions will be input to the program, and either
regularly shaped shells of revolution* or the milling machine
lofting routine FMILLJr
tions to the desired degree. Figure 4.7-1 is a data flow diagram

will be used to refine the surface defini-

of the Basic Geometry File Generator function.

4.7.2 INPUT
There will be two sources of input to this program.

1. Card image input of X, Y, and Z coordinates defining curves

along the surface.

2. Interactive terminal input. This terminal input may be
divided into two types, keyboard and display selectable
(1ight pen).

a. Terminal keyboard entries
e Structure, substructure, and region identification
® X, Y, and Z coordinate definition of basic curves

¢ X, Y, and Z direction cosines of tangents to stringers
and curves

e Dimensions and mesh sizes for shells of revolution

e Mesh sizes for FMILL

*Theoretical Llastic Stress Distributions in Cassinian Domes.
NASA TN D-1741 (The key equations of interest were expanded by
Dr. Frederick J. Stebbins to encompass seven shells of revolution.)

TAPT Encyclopedia, Program Reference Manual, UNIVAC 1106 to
1108, UP4078, rev. 2, pp. 9D-1 through 9D-15.
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o Bulkhead sizing
e Visual aid definitions such as cutting planes

The card image input may be omitted and the terminal
used to enter all input, or a combination of terminal
keyboard and previously created card files may be used.

b. Display selectable input (light pen)
e Cutting plane positioning
e Control point positioning
e Control point selection for region definition

The terminal user will be led through the interactive
graphics program with questions and prompting messages
tailored to give the user detailed assistance in stepping
through the procedure. Some representative examples of
display selectable input are given in figure 4.7-2.

4.7.3 PROCESSING

The Basic Geometry Data File will be created by defining the
contours of the model in terms of X, Y, and Z coordinates of
control points, direction cosines, and local slopes along the
surface.

An interactive graphics terminal will be used to display in a
graphical form the control points and lines connecting the con-
trol points. This program will contain capabilities which will
be inherent to interactive graphics terminal usage. These capa-
bilitices will include:

e wvisplay of control points

e Display of lines connecting these control points

e C(Creation, deletion, and modification of the control points
and the lines connecting them

e Means to loop back through the program
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e Dialogue in the form of questions and suggestions initiated
by the program

e Interpretation of user response to dialogue

e Ability to break (or terminate) the program at any stage and
restart it at a later time

The program should also include the capabilities to generate
tabular display and allow editing. The program must be con-
structed so that sequential processing ™~ accomplished
readily with a minimum of user interac

The first step required in the processing tunction will be the
dynamic file assignment of the Basic Geometry Data File. Once
this 1s completed, the user must be allowed to enter control
points via a card file, the remote terminal, or a combination
of both rethods.

If there is an input card file, it will be read and the surface
defined by it will be displayed. If no card file exists, the
user will enter the basic curve definitions by means of the key-
board and/or other input devices. The keyboard entries will
consist of the X, Y, and 7 coordinates or delta X, Y, and Z
values from a defined point. 1he tracking cross may be used to
lefine points after a reference point and scale have been
established.

When building a Basic Geometry Data File, it will be necessary to

¢cfine the control points as structure and substructure components.

Particular groups of points will be divided further into regions
20 that the model hierarchy is cf the form shown on the fcllowing

page.
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Structure

Subdei\lN

1st ith nth
Substructure Substructure Substructure
Region, j =1, N
1st ith nth
Region Region Region

Initially the terminal user will be asked to input through the
terminal keyboard the identification (1 to 15 alphanumeric
characters) of the structure and substructure. Disnlay select-
able menu items will be provided for subsequent structure and
substructure identification. The same type of identification
method should be used for regions.

The program should allow for the specification of cutting planes
and alteration of the view at any stage of the surface develop-
ment to assist with the surface definition and to verify its con-
tour. The cutting planes can be established as normal to a
coordinate axis by specifying the control coordinates. The user
should be a.lowed the following three methods to select skewed
cutting planes:

e Inputting angles of rotation from the coordinate axes
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e Identification of three points in the skewed plane

e Specification of the X, Y, and Z coordinates of two points
of the normal {» the skewed plane

Once a cutting plane has been established, the trace it makes
with the surface should be displayed by selecting the plane
and di-play option. The view-altering capability must include
rotation, displacement, and enlargement.

The trace formed by the cutting plane and the model suriace

may reveal a need for additional surface points. Two methods
of obtaining additional points will be available depending upon
the regularity of the model surface geometry.

Shells of revolution will be defined analytically, and thus
additional points cun be obtained by redefinition of the regular
shape through input parameters. The number of meridional and
circumferential divisions desired will be the pertinent param-
eters. The seven shells of revolution to be so treated are

«1) cone. (2) disk, (3) cylinder, (4) Cassinian surface, (5)
elliptical surface, (6) sphere, and (7) torus.

Irregular surfaces will be defi» d v, a conic lofting program,
FMILL. The coordinates of know- ‘oints (called control poi-ts)
will be input to FMILL. These control points will describe a
mesh. The degree of resolution desired will be specified by
FMILL input parameters which will subdivide each unit of the
mesh through additional points calculated on the conic surface.

The surface generated by the preceding methods will be displayed,
permitting the user to visually inspect the contour. He may
elect to display concurrently surfaces previously derined and

» remainirg control points. Also, he may display in numeric
form coordinate values and slope values of selected points.
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These values can be modified or used as calculated for reinput

to the surface fitting routines to refine further the surface
definition or to obtain a desirable match-up of region boundaries
where discontinuities exist.

Inner mold surfaces should be obtained in a similar manner; i.e.,
in one of two ways, (1) by describing inner surfaces using FMILL
or shells of revolution ar (2) by expressing bulkheads in te.

of distance along normals to the outer surface.

The interactive input techniques; the altered view capability;
and the ability to display and modify surface coordinates, curve
tangei.ts, and s nger tangents will be the important features
of this functic.. They will provide the user the capability

to define and uniquely identify all repgions (including substruc-
tures) of the geometry of a model to be analyzed. Once the

user is savisfied that the model meets the desired degree of
definition, the Basic Geometry D-ta File will be ready for use
in amna.ysis.

4.7.4 OUTPUT

The Bas . Geometry Data File will be the major output from this
ISAS furction. A complete description of this file can be found
in the appendix of this document. As described in section 4.7.5,
graphical outputs are required.
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Figure 4.7-1. — Data flow diagram for Basic Geometry
File Generator
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USE LIGHT PEN TO SELECT *CARD
SOURCE OF SURFACE DEFINITIONS *KEYBOARD
*TRACKING CROSS

POSIT1ON TRACKING CROSS TO *CARD
DESIRED CONTROL POINT LOCATION *KEYBOARD
AND DEPRESS FOOT PEDAL *TRACKING CROSS

o
L 4’_\_/_/

POSITION TRACKING CROSS 19 *CUTTING PLANE
GOVERNING COORDINATE POSITION *KEYBOARD
*TRACKING CROSS

’/-\__/—\J

- _—

Figure 4.7-2, — Examples of display selectable input.

4-62



4.8 BASIC STRUCTURAL DIMENSIONS

4.8.1 PURPOSE

This function will generate gross model structural geometry data
to be used by the Properties and Allowables function in computing
buckling analyses and/or section allowables. The Basic Struc-
tural Dimensions File will be independent of the User Model File
and will contain only basic structural dimensions and coordinates.
It is assumed, however, that the input to this function will use
the same coordinates, in general, as the User Model File.

Figure 4.8-1 is a data flow diagram of the Basic Structural
Dimensions function.

4.8.2 INPUT

All input to this function will make use of the interactive device
of the system. The user will be required to define the structure
being modeled in terms of regions, stations within each region,
strategic coorainates within the region, and pertinent section
properties data.

4.8.3 PROCESSING

The basic types of structure to be treated in this function will
be stiffened skin panels and beams. An example of these types
of structure are shown in figures 4.8-2 and 4.8-3. The program
will also have the capability to accept other configurations
(free form) in the pure manual mode. The user will input his
choice between stiffened panels, beams, and free form. If the
choice is a stiffened panel, the user must also select a panel
configuration from the displayed list of stiffened panel con-
cepts (see fig. 4.8-4). A maximum of 16 concepts will be allowed
for panels and 1 for beams. The program will then ask the user
to define the number of regions required to describe the struc-
ture being modeled. It is assumed that 30 regions should be
sufficient “o describe any structure. After the configuration
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and the number of regions have been input, the program will
generate a tabular format, which will conform to the type of
structural configuration selected earlier. Examples of these
formats are shown in figures 4.8-5 and 4.8-6.

The regions should be updated in an automatic fashion as each
rerion is completed. The user will then be asked for the number
of stations that will be defined within each region. It is
assumed that a maximum of 150 stations per region should be suf-
ficient to describe the structure. The prograa will then fill
in the table with region numbers and the station numbers in each
region. Values should be input for the X, Y, and Z coordinates
and the geometry parameters (b, t, R, ¢) listed on the display
for each station in the region.

For the beam problem, the user will be required to break the
beam cross section into subelements as shown on figure 4.8-7.
It is assumed that a maximum of 20 subelements should be suffi-
cient to describe most sections. When all of the data for a
region is completed, it will be output into the Basic Struc-
tural Dimensions File. The program will then recycle and allow
the selection of another region. After all of the regions of a
structure have been completed, the user will have the option to
start another structure.

4.8.4 OUTPUT

The primary output from this function will be the Basic Struc-
tural Dimensions File, containing all of the data which will be
developed as described in section 4.8.3. A complete description
of the format and contents of the file can be found in the
appendix.

Other output will be graphical displays »f the chosen configura-
tion of figures 4.8-4 and 4.8-7, graphical displays of each
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Qe

station, and tabular listings of the data. The graphical dis-
plays at each station will be patterned after figures 4.8-4 and
4.8-7 and will be scaled to the actual data. Figure 4.8-8 is
an example of the tabular display. The format of this display
will vary with the type of panel or bean.
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L9-¥

STATION 7

STATIONS 3 AND 8

STATION 4

REGION 1

Figure 4.8-2.

STATIONS . AND 5

STATION 1

— Generalized stiffened panel concept.

STATION 6



STATION 4
STATION 3

STATION 2

STATION 1

|

REGION 1

Figure 4.8-3. — Beam concept.
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Figure 4.8-4., — Sixteen stiffened panel configurations.
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Figure 4.8-4. — Sixteen stiffened panel configurations
(continued).
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9. TRAPEZOIDAL CORRUGATION SEMISANDWICH
Figure 4.8-4. — Sixteen stiffened panel configurations

(continued).
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Figure 4.8-4., - Sixt-2n stiffened panel configurations
{continuedj.
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15. SEMICIRCLE CORRUGATION SEMISANDWICH

16, Free Form — The user can Jescrive any form of
stiffened panel using this type of input.
Figu +.8-4, -~ Sixteen stiffened panel configurations

(concluded).
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vi-v

1. INTEGRALLY STIFFENED PANEL

STATION
REGION | STA1ION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER ,
X Y Z bS bw E§47 tw I
\-"—"_V-\./\_—-—&_.__—‘—- e —— e ~
2. 2-STIFFENED PANEL
STATION ,
REGION | STATION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER '
be tf ts tw

X Y l Z
R,

3. INTEGRAL Z-STIFFENED PANEL

REGION
NUMBER

STATION
NUMBER

STATION
COORDINATES

SECTION PARAMETERS

B

X Y Z

Figure 4.8-5. — Example of tabular format for panels.
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4. INTEGRAL T-STIFFENED PANEL

STATION
REGION | STATION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER
x | v | zfvelvg b, | te]e, e,
e v ———

5. J-STIFFENED PANEL

STATION
REGION | STATION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER
X | Y |z |bg b v, | te|ts ]ty
m | st

6. STRAIGHT Y-STIFFENED PANEL

Figure 4.8-5. ~ Example of tabular format for panels (continued).

STATION
REGION | STATION | COOKDINATES SECTION PARAMETERS
NUMBER | NUMBER :
X | Y| z]bg b b |, b, [t, |t |t l
— — 1
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7. STRAIGHT Y-T STIFFENED PANEL

REGION
NUMBER

STATION
STATION | COORDINATES SECTION PARAMETERS
NUMBER ' : :
X | v | z by | bg | b, bzltf t,
e ————

8. CURVED Y-T STIFFENED PANEL

REGION
NUMBER

STATION
NUMBER

STATION

COORDINATES

SECTION PARAMETERS

9. TRAPEZOIDAL CORRUGATION SEMISANDWICH PANEL

Figure 4.8-5. — Examplc of tabular format for panels {(continued).

.

ST TION
REGION | STATION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER

X | Y | z be [ b [t [t | o
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10.

TRUSS CORE SEMISANDWICH PANEL

REGION
NUMBER

STATION
NUMBEK

STATION
COORDINATES

SECTION PARAMETERS

11. SEMITRAPEZOIDAL CORRUGATION SEMISANDWICH PANEL
STATION
REGION | STATION SECTION PARAMETERS

NUMBER

NUMBER

COORDINATES

12. HAT SECTION STIFFENED PANEL
STATION
REGION | STATION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER ' '

Figure 4.8-5. — Example of tabular format for panels (continued).
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13. TRAPEZOIDAL CORnJGATION PANEL

S~ .TION
STATION | COORLINATES SECTION PARAMETERS

NUMRER

REGION
NUMBER

X Y Z bd bf b t ¢

14. TRUSS CORE CORRUGATION PANEL

STATION
REGION | STATION | COORDINATES SECTION PARAMETERS

NUMBER | NUMBER

15. SEMICIRCLE CORRUGATION SEMISANDWICH PANEL

STATION :
STATION | COORDINATES SECTION PARAMETERS

REGION

Figure 4.8-5. — Example of tabular format for panels (continued).
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16. FREE FORM PANEL

STATION
REGION | STATION | COORDINATES SECTION PARAMETERS*
NUMBER | NUMBER
x| v | z
—_————
e S

*Maximum of 20 parameters.

Figure 4.8-5. — Example of tabular format for panels (concluded).
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REFERENCE AXIS 1

STATION
REGION | STATION | COORDINATES SECTION PARAMETERS
NUMBER | NUMBER * r * * '

REFERENCE AXIS 2

[ STATION
STATION | COORDINATES
NUMBER

REGION
NUMBER

X Y Z b1 t, c

— T 1 T

21 see s0 (X ¥ (X )] bzo tzo szo

Figure 4.8-6. — Example of beam tabular format.
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Figure 4.8-7. — Typical beam elements.
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Figure 4.8-7. — Typical beam elements (continued).
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Figure 4.8-7. — Typical beam elements (concluded).
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TYPE — 4. INTEGRAL T-STIFFENED PANEL

REGION — NN

STATION COORDINATES _ SECTION PARAMETERS

NUMBER X Y Z bf bs bw te .ts t,
(15) (F9.3) (F9.3) (F9.3) (F9.3) (F9.3) (F9.3) (F9.3) (F9.3) (F9.3)

Figure 4.8-8. — Example of a panel tabular display.



4.9 BOOST FLIGHT CONDITIONS

4.9.1 PURPOSE

This function is needed for evaluating the structural loads on
the Space Shuttle launch configuration during boost and recovery
phases. Operating in the demand mode from a remote terminal,
the user will have the ability to (1) retrieve his input from
mass-storage data files, (2) displuy and modify the input on the
console, (3) schedule his job for batch execution, and (4) dis-
play the program output in graphical form at the console.

A Batch Flight Conditions Filz will be created by the Boost
Flight Program in order to store the results. This file will
be accessed to display the output at the terminal, to produce
reports, and for use by other ISAS functions. Figure 4.9-1 is
a data flow diagram for Boost Flight Conditions.

4.9.2 INPUT

The input for this function will be obtained from the following
sources. '

e Basic Data File

e Force Coefficient Data File
® Winds Aloft Data File

e Standard Atmosphere File

o Keyboard input at the terminal

Input for the Boost Flight Program will utilize the FORTRAN
defined NAMELIST format. Data from the above sources will be
stored in the Input Flight Conditions File and read as input
by this function.
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4.9.3 PROUESSING

The ISAS system will guide the user in assembling data for the
creation of an Input Flight Conditions File. The user will have
the capability to enter each input file and select those param-
eters he wishes to input to the progran. Detailed formats a.d
con‘ents for all relevapt files can be found in the appendir.

The Basic Data File will contain a reference trajectol ~ef-
erence dimensions and areas, moments and products of i ia,
weight flow rates, and other similar data. Total aerouynamic
coefficients will be contained in the Force Coefficient Data
File.

The Basic Data File will define the con rol system parameters,
including gains and filter parameters. The Winds Aloft File
will contain altitude, wind velocity, and wind direction,
indexed by a number. Reference atmospheres for all flight con-
ditions will be contained in the Standard Atmosphere File. The
flight conditions will be indexed by altitude and will inclvde
pressure, density, temperature, and speed ~f sound.

Additional data can be input through the keyboard. All of the

input can be displayed at the console in tabular form and addi-
tions or alterations can be typed from the keyboard. The input
may be recorded for report purposes as printouts and/or SC-4060
plots.

These last three files will be included in subrnntines of the
Boost Flight Program. Thus, unless the Boost Flight Program is
revised, the user must input new FORTRAN subroutines in order
to vary the built-in parameter values.

The input arrays will be stored in an Input Flight Conditions
File. Upon obtaining satisfactory input, the user can call for
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execution of the Boost Flight Program; it will execute in the
batch mode, reading the Innut Flight Condition< File for input.

When the Boost Flight Program has completed execution, output
from the program will be stored in the Batch Flight Conditions
File and the Boost Plot Data File. The Boost Plot Data File
will contain various parameters to be plotted. (Table 4.9-1
lists the available parameters.) There will be three curves
to a plot frame. The user may select as many of the curves to
be d.splayed as desired. Hardcopy printouts and SC-4060 plots
may also be obtained.

4.9.4 OUTPUT
Output from the function will consist of the following.

e The input data may be displayed in tabular form on the con-
sole screen and a hardcopy obtained.

¢ An Input Flight Conditions File will be crecated for storing
the input for use by the batch program.

e Program output will be stored in the Boost Plot Data File.
Graphical disn~lays at the console and SC-4060 plots of the
progr.m output can be generated. Table 4.9-1 contains a
list of available plots.

o A Batch Flight Conditions File will be created to contain
output used by other ISAS functions.
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TABLE 4.9-1.

— AVAILABLE PLOTS FOR BOOST FLIGHT

CONDITIONS FUNCTION

Frame

Number Variable Description Units
QBAR Dynamic pressure lb/ft2
1 ALT Altitude ft
AMACH Mach number
VWY Wind velocity in the in./sec
platform Y-direction
ALPHAY Booster body yaw angle of deg
2 attack
QBAR* Dynamic pressure multiplied deg-lb/ft2
ALPHAY by booster body yaw angle
of attack
VRELM Vehicle relative in./sec
velocity magnitude
3 THRUST Booster thrust magnitude 1b/10§
WEIGHT Vehicle weight 1b/10°
Wz Wind velocity in the plat- in./sec
form Z-direction
4 ALPHAP Booster body pitch angle deg
of attack
QBAR®* Dynamic pressure multiplied deg-lb/ft2
ALPHAP by pitch angle
XDD X-body acceleration g
5 YDD Y-body acceleration g
ZDD Z-body acceleration g
PHIDD X-platform axis, rotational rad/sec2
acceleration
6 THETADD Y-platform axis, rotational rad/sec2
acceleration
PSIDD Z-platform axis, rotational rad/sec2

acceleration
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CONDITIONS FUNCTION — Concluded

TABLE 4.9-1. — AVAILABLE PLOTS FOR BOOST FLIGHT

Frame

Number Variable Description Units
PHI Roll angle deg
7 THETA Pitch angle deg
PSI Yaw angle deg
PHIC Commanded roll angle deg
8 THETAC Commanded pitch angle deg
PSIC Commanded yaw angle deg
Y LOAD Total lateral reaction on 1b
aft fittings
9 FORE Lateral reaction on 1b
Y LOAD forware fitting .
X FIT Total longitudinal 1b
LOAD fitting reaction
LEFT Vertical reaction on 1b
Z LOAD left aft fitting
10 RT Vertical reaction on 1b
Z LOAD right aft fitting
FORE Vertical reaction on ib
Z LOAD forward fitting
THRUST | Total thrust for each 165 1b
11 engine (1 to S)
. BETAY Engine gimbal angle about deg
. Y axis
15 BETAZ Engine gimbal angle about deg
Z axis
QBAR Dynamic pressure vs. lb/ft2
Mach number
16 ALPHAP Pitch vs. Mach number deg
QBAR* QBAR*ALPHAP vs. Mach nuv-ber deg-lb/ft2
ALPHAP
ALTITUDE | Altitude vs. Mach number ft
ALPHAY Yaw angle-of-attack vs. deg
17 Mach number
QBAR* Dynamic pressure multiplied deg-lb/ftz
ALPHAY by yaw angle-of-attack vs.

Mach number
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4.10 DYNAMIC LOADS

The requirement to provide support in this area was deleted by

the Structures Branch (ES2).

diagram of the Dynamic Loads functiqn.

Figure 4.10-1 is a data flow
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Figure 4.10-1. — Data flcw diagram for Dynamic Loads.
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4.11 ELEMENT PROPERTY FILE GENERATOR

4.11.1 PURPCSE

This function will generate the Element Property File, which

will provide section properties for each of the elements defined
in the User Model File. The Element Property File can then serr~
as input for other programs in th. iSAS system. Figure 4.11-1

is a data flow diagram for this function.

4.11.2 INPUT

The input will consist of the User Model File, Section Properties
and Allowables File, and other data provided by the user.

4.11.3 PROCESSING

The demand processing function will use visual displays to lead
the user through the procedures. The first input will be the
file names of the User Model File and the Section Properties
and Allowables File. These two files will provide input data
for the processing. The User Model File will contain the type
of element, element number, and grid point numbers of the ele-
ment; the Section Properties and Allowables File will provide
section properties information referenced by grid point in each
region.

After the file names are verified, the processing function should
generate a table of material properties for the elecments defined.
The function should search the User Model File and Section Prop-
erties and Allowables file for corresponding grid point numbers
within each region and generate a table for the element number
corresponding to the grid point number. The user should be
provided with a menu to select the properties to be included in
the Element Property File. The properties will be similar to
those of the Section Properties and Allowables File and include
width, thickness, area, and moments of inertia. The user can
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choose several properties or all properties, depending on the
anticipated use of the Element Property File.

The user will be able to edit the file after it is generated;
i.e., to override the properties by inputting new data values
that might be required for design changes. The user will then
be requested to input a file name for the Element Property File.
The user wili be able to display the file in a tabular data form
showing element number, element type, and section properties.
The data on this file should be referenced by element number.

A sample of the format is as follows:

Element Element

Number Type Section Properties

Rod A J

Beam AjlIli12]|J K1 K2

where
A — cross sectional area
J - Torsisonal Constant

I1 — moment of inertia about first plane
I2 — moment of inertia about second plane
K1 — shear area factor about first plane

K2 — shear area factor about second plane

4.11.4 OUTPUT

The Element Property File will be output. This file is defined
in the appendix.
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4.12 FATIGUE ASSESSMENT

4.12.1 PURPOSE

This function will provide a method for calculating the damage
to structures subjected to a wide range of loading conditions.
This analysis will be performed on a wide range of structural
materials. The damage will be used in computing the expected
fatigue life of the material. Graphical displays will be pre-
sented showing the cycles to failure for different stress
levels. A data flow diagram for Fatigue Assessment is shown in
figure 4.12-1.

4.12.2 INPUT

The input data regquired by this function will be obtained from
the NASTRAN Sorted Data File and the Fatigue Input Data File.
Description. of these files can be found in the appendix of this
document. The user will be able to supplement or modify any of
the data obtained from these files by the use 9i the iremote
terminal.

At the remote terminal, the user will also input any control
information needed by this function. This information will
include the location on the vehicle at which stresses are to be
analyzed, the type of load to be used in the analysis, the type
of element, and the type of material.

4.12.3 PROCESSING

Three subfunctions will be used in the processing to be performed
by this function. These subfunctions are: Form Stress Time His-
tory and Stress Ratio, Compute Accumulative Damage, and Compute
Equivalent Damage Spectra. Each of these subfunctions will
create a data file which will be used in the succeeding subfunc-
tion. Therefore, in the normal demand mode of operation, the
user can terminate his job after any subfunction is completed and
later begin his job at the beginning of the next subfunction.
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4.12.3.1 Form Stress Time History and Stress Ratio
(Subfunction 1)

This subfunction will create the Stress Data File using the
NASTRAN Sorted Data File as input. The NASTRAN Sorted Data File
will contain load spectra exceedance curves which will be iden-
tified by location on the vehicle; load type such as shear X,
moment Y, accelerations, or pressures; type of flight; and flight
time. This subfunction will create one load spectrum for each
location on the vehicle at which fatigue analysis is to be per-
formed. These spectra will include the data for one entire
flight.

The user will select from the NASTRAN Sorted Data File (or input
at the terminal) the flight identification, the location on the
vehicle at which the analysis is to be performed, and the type
load to be used to build this spectrum. The subfunction will
retrieve all spectra which satisfy these conditions. The spectra
will be for all flight times for the specified flight. For each
spectrum, the maximum and minimum load at exceedance values

8 x 10N°1, 4.5 x 10N°1, and 2 x 10N 1 will be saved. A value of
-3 will be the lower boundary on N and the upper boundary will
have no limit. It will be determined by the data available on
the file. The data values at each exceedance value will be con-
sidered a load step. For each load step, the cycles per flight
will be computed using the following table.

Exceedance Value Cycles per Flight
g x 10N°1 1 x 1oN°1
4.5 x 10N°1 3 x 10M1
2 x 10N°1 2 x 10N°1

Also for each load step, the load/stress ratio will be retrieved
from the NASTRAN Sorted Data File or will be input at the ter-
minal. The load step numbers, maximum and minimum loads, cycles
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per flight, and load/stress ratios will be output on the Stress
Data File. The user will then specify the conditions for the
next spectrum. This process will be repeated until all desired
spectra are output on the Stress Data File.

Output from this subfunction will consist of the Stress Data
File, tabulations of the data output on this file, and graphical
displays of any of the spectra input from the NASTRAN Sorted Data
File.

4.12.3.2 Compute Accumulative Damage (Subfunction 2)

This subfunction will be used to compute the accumulative damage
of mechanical or acoustic fatigue for various materials at dif-
ferent locations on the vehicle. Data will be input from the
Stress Data File and the Fatigue Input Data File, and the results
from the mechanical fatigue analysis will be output on the Fatigue
Output Data File. This subfunction will be divided into two
parts, mechanical fatigue analysis and acoustic fatigue analysis.
The mechanical fatigue is discussed first.

Input to the mechanical fatigue program will consist of load
spectra data from the Stress Data File. These data will be iden-
tified by flight identification, location on the vehicle on which
the analysis is to be performed, and type of load. The user will
have the option of processing the entire Stress Data File or
selecting which spectra are to be processed. The user may modify
the spectra retrieved from the above file or input a spectrum if
it is not on the file. After a load spectrum has been input, the
load/stress ratio will be used to convert the maximum and minimum
loads at each load step to stresses. Next, the stress ratio (R)
of the minimum stress to the maximum stress at each load step
will be computed. The user will then input the identification of
the material to be analyzed. The Fatigue Input Data File will be
searched for the stress versus cycles-to-failure (S-N) curve data
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for this matcrial. The user will have the option of modifying
the S-N data or inputting them if they are not available on the
data file. Graphical displays of this S-N data will be required.

For each value of maximum stress and corresponding R, the cycles
to failure will be retrieved from the S-N curve data. The incre-
mental damage for each load step will be computed by dividing the
cycles per flight (retrieved from the Stress Data File) by the
cycles to failure. The accumulative damage will be determined by
summing the incremental damage. The life expectancy will be the
reciprccal of the accumulative damage. These results will be
tabulated and output on the Fatigue Output Data File. The user
can then input another type of material to be analyzed using the
current load spectrum, or he can request another load spectrum to
be input from the Stress Data File. Processing will be terminated
when all load spectra and all types of material requested have
been processed.

The acoustic fatigue program will receive its input from the
Fatigue Input Data File and from the remote terminal. The fol-
lowing information will be input at the terminal.

1. Material identification — This information will include
material type, alloy, temper, notch factor (KT), modulus of
elasticity, Poisson's ratio, ultimate tensile stress, and
R-factor.

2. Type of element — Analysis will be performed for either a
plate or a beam. For a beam, the user will input the length
of the beam and the moment of inertia. For a plate, input
will consist of the length, width, and thickness.

3. Density factor — For a beam the weight will be input; for a
plate the density will be input.

4. Boundary conditions — The boundary conditions for both the
beam and the plate will be simple support, frce end, or fixed
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end. For a beam, the user will input the boundary conditions
for each end. For a plate, each of the four sides will be
identified.

Number of factors - The user will input the number and name
of the factors, other than 1liftoff and aerodynamic noise,
which are to be used in the analysis.

Time — The user will input time in seconds for each factor.

After the above data are input, the fundamental frequency (fn) of

the

element will be computed. For a beam, the formula is:

¢ = c [386 EI
n wi?

where

C -

constant which is retrieved from the Fatigue Input Data File
by length of beam and boundary conditions

E - modulus of elasticity
I — moment of inertia
W ~ density factor per length
L - length
For a plate, the formr'a is:
DK
fn = 4a%oN
:T
where
D - Et>/12(1 - v
t - thickness
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u — Poisson's ratio

a - length
p — (density factor x t)/386
N K ~ constants retrieved from the Fatigue Input Data File and

BC®
identified by boundary conditions (length and width)

Next, the sound pressure level (SPL) using one-third octave band
frequencies will be determined for each of the factors being con-
s.sered. Data for the liftoff and aerodynamic noise factors will
be stored on the Fatigue Input Data File. Data for the other
factors can also be stcred on this file. The user will have the
option of re“rieving these data from the file or entering the
data at the terminal.

The SPL using one-third cctave band frequencies will then be used
in computing the SPL per hertz ior each factor as follows.

SPL/Hz = SPL 1/3 - 10 log10 (VZ/6 fn)

Next, the spectral density, bp(fn), will be computed for each
factor using the equation:

2 .
Gp(fn) = (pref) antilog §£%éﬂi
where
- i 2
Prog = 2.9 % 10 9 1b/in.?% or (.0002)QCL;§§

The static pressure (oo) will be determined next. A table of
equations will be used to compute the static pressure. The equa-
tion to be used will be determined by the type of element being
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analyzed and the boundary conditions of the elemcnt. The root
mean square stress (orms) will be computed for each factor using
the formula:

1/2
_ n
rms © 00[35 fa (Gp(fn))}

where

& is the damping ratio and is input by the user at the terminal.

The percent root mean square (rms) will be determined for each
factor by dividing the O ms by the ultimate tensile stress.

The cycles to failure for each factor will be determined from the
percent rms curve data. Several methods can be used to obtain
these data. First, the Fatigue Input Data File will be s<arched
using the material identification as the retrieval parameter. 1If
the data are not on this file, the user may innut the data. A
third method will be to compute the percent rms curve data frcm
the S-N data. The S-N data will be retrieved from the Fatigue
Input Data File or will be input at the terminal. After the S-N

data have been input, the cycles to failure (NR) will be computed

for each Oems USing the equation:
I S
R ™ B P(x)cx
A Nox
where
2
P(X) - xe- (X /2)
e — 2.71828
o
X
x - -
UEZ
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o — stress level on the S-N curve
-2 - '"*;Z

¢ J(OrmS‘

N — c¢ycles to failure of 3

X
A, B - integration limits input by the user at the terminal

The cycles per flight (n) will be computed for each factor by
multiplying the time by the fundamental frequency (fn). The
incremental damage will then be computed for each factor by
dividing n by NR . Fina’ 'y the total damage for acoustic
fatigue will be determined by summing the incremental damage of
each factor.

Output will consist of a tabulation of the total damage. The
uscr should have the capability to update the Fatigue Input Data
File with the new S-N data or SPL data input at the terminal and
with the generated percent rms curve data.

4.12.3.3 Compute Equivalent Damage Spectra (Subfunction 3)

This subfunction will be used to compute equivalent damage
spectra from dat: contained on the Fatigue Output Data File and
output these data on the Fatigue Spectral Data File. The user
will select the lociation on the vehicle at which the equivalent
damage spectrum is to be calculated. The user will also identify
the type of material for which the equivalent damage spectrum is
to be calculated. The Fatigue Output Data File will be searched
for all spectra which satisfy the above conditions.

Each spectrim will be for a given flight. For each of these
spectra, the cycles to failure for the maximum and minimum per-
cent stress will be retrieved. The total accumulated damage will
also be retrieved. The equivalent applied cycles to failure will
be computed by multiplying the cycles to failure by the total
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accumulated damage. The maxinum and minimum percent stress will
be converted to actual stress by multiplying the pe.cent stress
times the ultimate tensile stress (FTU) and dividing by 100. The
actual maximum and minimun stress and the equivalent applied
cycles to failure will be tabulated and output on the Fatigue
Spectral Data File. After all flights for the given material and
location on the vehicle are processed, the next material and
location on the vehicle will be input and the process repeated.

1.12.4 OUTPUT

This function will output the following data files which are
described in the appendix of this document.

® Stress Data File
e Fatigue Output Data File
e Fatigue Spectral Data File

This function will also update the Fatigue Input Data File.

Tabulations will be required of the data calculated in each of
the subfunctions. Graphical displays are required for the load
spectra data from the NASTRAN Sorted Data File, and the S-N data
and percent rms data from the Fatigue Input Data File.
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Figure 4.12-1. — Data flow diagram for Fatigue Assessment.
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4.13 FLIGHT CONDITIONS MERGE

4.13.1 PURPOSE

This function should provide the capability to merge flight condi-
tions data from multi-input files into a single output file.
Figure 4.13-1 is a data flow diagram of the Flight Conditions
Merge function.

4.13.2 INPUT

The input to this function will be one or more ISAS Flight Condi-
tions Files and some control information supplied by the user at
the demand terminal. This control information will be the file
1dentification and the times used to select the required data.

4.13.3 PKke ¢

In this functic, the user should be allowed tu merge flight con-
dition data ‘rom several ISAS Flight Conditions Files onto a
single Merged Flight Conditions File. There should be no limita-
tion on the number of input files or the number of time points
transferred. The handling of the output file must allow for
additional data to be placed on an already existing Merged Flight
Conditions File or to be used to crzate a new output file.

A restriction will exist that only flight conditions files gener-
ated by the same program will be merged; that is, the first two
words of the title block must be identical to the same words of
the first file used to start this function.

After an input file has been assigned, the program should display
the start and stop times. Upon a user command, the times for
cach data block should be displayed. With this information, the
user will be able to select the data blocks to be placed on the
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output file. Two methods will ve used to select the data to be

transferred.
1. Individually selected time point data transfer

2. Range of time point data transfer

In the first method, the user must input a value for time, and
the data for that time point will be transferred. The second
method will require that all data between the two time values
(ii.cluding both end points) be transferred. It is required that
the capability exist to use either one or both of the data selec-
tion methods in the same pass through the function. None of the
data transferred is to be modified either by the program or by
the user. The entire Header Irformation Biock from each input
file must be copied onto the ontput file if any data blocks are
transferred. This block shculd be modified to reflect only those
times transferred.

In the file to be output by this funcgion, the individual time
points may not be unique. Therefore, another method is required
to identify the time blocks. Each block should be assigned a
two-word identification in addition to the existing information.
The first word will be an alphanumeric word (maximum six of
characters) supplied by the user. This word must be used for
each data block on the output file. The first data block will be
assigned number 1, and the ntZ block will be n . The header
block of the output file should correlate the two identification
words with the time of the data block. The file must not have
any duplication of the two identification words. The third word
of the title of the output file must contain the Fieldata word
"MERGED™.
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4.13.4 OUTPUT

The output cof this function will consist of only two items. The
first will be a display of times from the input files. The
second output will be the Merged Flight Conditions File. A
description of this file can be found in the appendix.
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Figure 4.13-1. — Data flow diagram for Flight
Conditions Merge.
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4.14 FLIGHT CONDITIONS FILE REDUCTION

4.14.1 PURPOSE

The Flight Conditions File Reduction function will allow the user

to select important time points from an Input Flight Conditions

File and save only the time selected points on a smaller file, thus
saving mass storage for more important data. Figure 4.14-1 is a data
flow diagram of the Flight Conditions File Reduction function.

4.14.2 INPUT

The input to this function will consist of an ISAS Flight Condi-
tions File and appropriate instructions as to what data are to be
transferred to the Batch Flight Conditions File (see file descrip-
tions in the appendix).

4.14.3 PROCESSING

This function will only transfer the data from one file to
another. No modification, except in the file identification
parameter block, will be made to the data. The change to the
title in the parameter block will consist of adding the word
"REDUCE" as the third word of the 24-word title block. The
other data which will be changed are the start and stop timc
parameters. After all data have been selected, the program must
scan the times and determine the proper values for the new start

and stop times.

The function should display the start and stop times from the
input data file. The individual times from the data blocks
should also be displayed upon user command.

Two methods will be used to select the data to be transferred.
I. Individuvally selected time point data transfer

2. Range of time point data transfer
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For the first method, the user will input values for time and
tolerance, and the data for that time point will be transferred
to the output file. The user should then be allowed to select
the next time or to use method 2.

The second method requires that all data between the two time
values input (including both the end points) be transferred. It
is required that the capability exist to use either one or both
of the data selection methods in the same pass through the func-
tion. There should be no restriction on the order in which the
user selects times.

After the user has completed all data selection, the function
should perform the following actions:

@ Order the selected data to assure that the time values are
in ascending order

e Delete any duplicate time points (first one saved; any others
deleted)

e IEnd the file with a block of words which contains six alpha-
numeric 9's ('999999").

Data from only one input file will be placed on the output file.
This function will not merge data from two or more files.

4.14.4 OUTPUT

The primary output from this function will be a standard Batch
Flight Conditions File (see description in the appendix) con-
taining the selected data. The only other output will be dis-
plavs of the start time, stop time, and individual times from the
data blocks. There will be no tabular or graphical displays of
any other data.
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4.15 INTERNAL LOADS AND DYNAMIC CHARACTERISTICS

4.15.1 PURPOSE

This function of ISAS will provide the user with the capability

to prepare a data file (Runstream Input File) which can be input

to the analysis programs listed below. Figure 4.15-1 is a data
flow diagram of the Internal Loads and Dynamic Characteristics
function.

e NASA Structural Analysis (NASTRAN)
+ Automated Structural Optimization (ASOP)

e Analysis of Aerospace Structures by the Displacement Method
(Air Force Program)

e Structural Analysis Program (SAP)*
® Acoustic Fatigue Analysis*

e Thermal Protection System (TPS)*

The ability of the Analysis of Aerospace Structures by the Dis-
placement Method program to use the Runstream Input File will
be dependent upon modii.cations which will allow the input of
NASTRAN type card images.

4.15.2 NASA STRUCTURAL ANALYSIS SYSTEM (NASTRAN)

4.15.2.1 Input
The type of data to be input to this function will be dependent

upon the analysis which is to be performed. Data can be retrieved
from any combination of the following seven data files. (See the

appendix for file formats.)

*The requirement to prepare a Runstream Input File for the

Structural Analysis Program (SAP), Acoustic Fatigue Program, and
the Thermal Protection System (TPS) has been removed by NASA (ES2).
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e User Model File

e Element Property File
e Model Material File

e Model Temperature File
® Model Weight File

e Model Loads File

® Structural Allowable Data File

Using the manual data entry capabili.y of the remote terminal,
the user may supplement or modify any of the data obtained from
the above files.

4.15.2.2 Processing

Card images will be prepared for different files used in proc-
essing. In describing the card images, some names are flagged
using the symbols listed below. These flags give information
as to the source of that data.

+ — entry shown is actual entry in the field
° -~ information retrieved from the Model Weight File

x — information retrieved from the Model Temperature File

* — information retrieved from User Model File

¥ - information constructed by the software of this function

¢ — information obtained from the Element Property File

$ — information obtained from the Model Material File

4.15.2.2.1 Grid Points Description

The entire User Model File will be read in order to obtain all
grid points and element descriptions which define the model.
For each grid point used in the model, a GRID card image should
be constructed in thc following format.
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8 v-16 17-24 b 32 33-40 41 418 49- 50 57-04 65-72 73-80

1.
riuuln‘ D% cpe X1# Y1e Z1* cn PSS
L

where

GRID" — card identification

ID* - grid point identification number

Cp* — coordinate system (blank unless changed manually)

X1*, Y1*, Z1* — coordinates of the grid point (real number)
CD — blank unless changed manually

PS — blank unless changed manually

4.15.2.2.2 LElement Description

Using the p-operty identification number of each elemcnt as an
index, the program will read the Element Property File and
obtain property descriptions of each element. From the informa-
tion that is obtained from the User Model and Element Property
Files, the function can construct element description cards and
element property descripcion cards. The type of element will
detern 1e which one of the 15 element description cards will be
used. If an element property description card is also to be
constructed, then the type of card will also be determined by
the element type. On the following pages is a description of
the 15 element description cards and their related property
description cards. Only those data fields in which the program
will place data are discussed. The user will have the ability
to add data for any remaining data fields using the edit capa-
bility of the remote terminal. A detailed description of all
NASTRAN car's may be found in the NASTRAN User's Manual (NASA
SP-222 wversion 01).

4.15.2.2.2.1 SIMPLE BEAM ELEMENT. The element description card
will be constructed as follows.
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1-8 9-16  17-24  25-32  33-30  41-48  49-56  57-64  05-72  73-80
CBAR® LID* pip? GA* GB* GO* P be
¢ 7 PA PB ZIA | 2 Z3A 718 72B Z3B
where
CBAR® — card identification for simple beam element
description
LID* — element identification number
PIDT — identification number of property description
card (PBAR) for this clement
GA*, GB* — grid point identification numbers of connecting
noints
GO* — grid point identification number of third point
ET — flag indicating contents of GO (always equal
to 2)
¥ ¥ . .
abc ,abc — continuation flag
PA, PB -

Z1A, Z2A, Z3A,
71B, 2B, 3B —

pin flags for bar ends A and B, respectively

zomponents of offset vectors ﬁa and Wb ,
respectively, in displacement coordinate
systems at GA and GB, respectively (real number)

The element property description card will be constructed as

follows:
1-8 9-16  17-24 25-32 33-40 41-48  49-56 §7-64 6572 73-80
+ ‘N e e ) ) e ¢ | - ¥
PBAR FID MID A 11 12 J NSM l Pt abc
| A' s
. ¥ - ¥
| +h <G
ea ¥ r1° K2® 112° ».-<>= j
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PBAR’ — card identification for simple beam property
PID' — same as on CBAR card

MID@ — material identification number

A‘a — area of bar cross section (real number)

11@, 12@, 112@ — area moment of inertial (real number)

J@ — torsior constants (real number)

NSM@ — nonstructural mass per unit length (real number)
Kle, KZe — area factor for shear (real number)

abc *, cd ¥ — continuation card flags

4.15.2.2.2.2 ROD ELEMENT. The element description card will
be constructed as follows:

1-8 9-16 17-24  25-32  33-40  41-48  49-56 57 64  65-72  73-80
CONROL™ | vID® Gi* 2% mip® At 38 NsM®
whe e
+ - PN . - .
CONROD  — card identification for element description of a rod

element property and connection

Gl*, G2* — grid point identification numbers of connecting points
N~ element property card will be needed.

4.15.2.2.2.3 QUADRILATERAL MEMBRANE ELEMENT. The element
description card will be consiructed as follows:

i-8 916 17-24  25-32  33-40  41-48  49-56 §7-64  65-72 73-80
cqove® | Lip# it G1* G2* G3* Gar ]- ”'=<>='"
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where

CQDMEM+ — card identification for element description
of a quadrilateral membrane element con-
sisting of four overlapping triangular
membrane elements (TRMEM)

PID ~ identification number of a PQDMEM property
card for element EID

G1*, G2*, G3*, G4* — grid point identification numbers

The element property description card will be constructed as

follows:

1-8 9-16 17-24  25-32  33-40 41-48  49-56 57-64 65-72  73-80
pooMem® | PID® [ mipt Té Nev?
where

PQDMEM+ — card identification of property card for element
described with CQDMEM card

T@ — thickness of meabrane (real number)

NSM@ — nonstructural mass per unit area

The properties of two elements may be described per card image
of this type.

4.15.2.2.2.4 150PARAMETRIC QUADRILATERAL ELEMENT. The element

description card will be constructed as follows:

1-8 9-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 73-80

CQDMEMI® | 1 1D* ¥ 1* G2* G3* Ga* [ ) 4 - 12‘
) PID G P | <
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where

CQDMEMI+ — card identification of element description of an

isoparametric quadrilateral element

PIDY — identification number of PQDMEM1 card describing
properties of element EID '

The PQDMEM1 element property description card will be exactly
like the PQDMEM card with the exception of the new card
identification.

4.15.2.2.2.5 QUADRILATERAL MEMBRANE ELEMENT. The element
description card will be constructed as follows:

1-8 9-16 17-24  25-32  33-40  41-48  49-56  57-64 65-72  73-80
copmeMz* | ElIDw PID¥ G1* G2* G3® Gan =-' >=<>=
where

CQDMEMZ+ — card identification of element description of a
quadrilateral membrane element consisting of four
nonoverlapping triangular membrane elements

PID — identiiZcation number of PQDMEM2 card describing

properties of element EID

The PQDMEM2 element property description card will be exactly
like the PQDMEM card with the exception of the new card
identification.

4.15.2.2.2.6 QUADRILATERAL BENDING ELEMENT. The description
of this type of structural element will be placed on a CQOPLT
card image. The format of the card will be like that of the

CQDMEM card with the exception of the following two fields.
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CQDPLT+ — card identification of element description of a
quadrilateral bending element

¥

PID — identification number of a PQDPLT property card

The element property description card will be constructed as

follows:
1-8 9-16 17-24  25-32  33-40  41-48  49-5¢ $T-04  65-72 73-80
pueLt' | pipt mip® * min2® r’ NSM® u® 22"
where
+ . . . . -
PQDPLT - card identification of property card for quadri-
lateral bending element described on CQDPLT card
MID1@ — material identification number for bending
1° — bending area of moment of inertia per unit width
(real number)
MIDZ@ — material identification number for transverse shear
T¢ — transverse shear thickness (real number)
2 .
NSM® — nonstructural mass per unit area (real number)
@ g

21, 72" — fiber distances for stress computations, nositive
according to the right-hand sequences defined on
the CQDPLT card (real number)

4.15.2.2.2.7 QUADRILATERAL MEMBRANE AND BENDING ELEMENT. The
description of this type of structural element will be placed on

a CQUAD1 card. With the two exceptions of card identification
and element property card reference, the format of the CQUAD1
card will be like that of the CQDMEM card, where

CQUAD]+ — card identification
pin’ -~ identification number of a PQUAD1 card containing the

property description of the element
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The element property description card will be constructed as

foliows:
1-8 9-16  17-24  25-32  33-40  41-48  49-56  57-64  65-72  73-80
pouact’ | e1p® | mimi® n' mip2* ' mips® 3t Nsu® abc *
we Tl 0 22*
where
PQUALI+ — card identification of element property card for a
general quadrilateral element, including bending,
membrane, and transverse shear effects
MIDI@ — material identification number for membrane
d
T1° — membrane thickness (real number)
MID2*® — material identification number for bending
e — area moment of inertial per unit width (real number)
MID3® — material identification number for transverse shear
iQ
T3 — transverse shear thickness (real number)
NSM@ — nonstructural mass per unit area (real number)
:1@, 22@ — fiber distance for stress computations (real number)
4.15.2.2.2.8 HOMOGENEOUS QUADRILATERAL MEMBRANE AND BENDING
ELEMENT. The element description for this type of element will

be placed on a CQUAD2 card image. The format will be the same
as for the CQDMEM card with the exceptions that the card identi-
fication will be changed as noted and the element property card
rcfercenced will be the PQUADZ type.

The format of the PQUADZ element property card will be the same
as that of the PQDMEM, except for the change of the card type
identification.
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4.15.2.2.2.9 TENSION-COMPRESSION-TORSION ELEMENT (ROD). The
element description card will be constructed as follows:

1-8 9-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 73-80

where
crop® — card identification
PIDT — identification number of a PROD card containing

properties of this element

Gl*, G2* - grid point identification numbers of connection
points

The element property description card will be constructed as

follows:
1-8 9-16 17-24  25-32  33-40  41-48  49-56  57-64  65-72  73-80
_ L
PROD® PID Min Al J*° \.< NSM
where

PROD’ — card identification

MID™ — material identification number

Al — area of rod (real number)

J@ — torsion constant (real number)

~sM®  — nonstructural mass per unit length (real number)



4.15.2.2.2.10 SHECAR PANEL ELEMENT. The CSHEAR card, used to
describe this type of element, will have the same format as the

CQDMEM card but with two exceptions as follows:
CSHEAR® — card type identification

PID; — identification number of a PSHEAR property containing
properties of the element

The PSHEAR property description card will be exactly like the
PQDMEM card with the exception of the new card type
identification.

4.15.2.2.2.11 TRIANGULAR MEMBRANE AND BENDING ELEMENT. The
element description card will be constructed as follows:

1-8 9-16  17-24  25-32  33-40  41-48  49-56  $7-64  65-72  73-80
. ¥ T “.""‘.!’1
crrial* | EIps | DD G1n G2n G3n 1 .".‘».4’.

where
cTRIA1" - card type identification

PID" — identificaticn number of a PTRIAl card containing
property description of the element

The format of the element property card PTRIAl will be the same
as that of the PQUAD1 property card with the exception of the
new card type identification.

4.15.2.2.2.12 TRIANGULAR ELEMENT. The CTRIAZ card, the element
description card for this element, will have the same format as

the CTRIAl card with two exceptions. The card cype identifica-
tion will be CTRIA2® and the variable PID will reference a PTRIA2
type element property card. The PTRIAZ card will have the same
format as a PQDMEM card with the exception of the new card type
identification.
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4.15.2.2.2.13 TRIANGULAR MEMBRANE ELEMENT. With the exceptions
of the new card type identification (CTRMEM) and the reference

of the variable PID to a PTRMEM property card, this card image
vill have the same format as the CTRIAl card. The PTRMEM element
property card type will have the same format as the PQDMEM card.

4.15.2.2.2.14 TRIANGULAR BENDING ELEMENT. The description of
this type of structural element will be placed on a CTRPLT card.
The format of the card will be like that of the CTRIAl card with
the exceptions of the following two fields:

CTRPLT+ — card identification

PID’ — identification of a PTRPLT property card

The PTRPLT element property card will have the same format as
the PQDPLT card with the exception of the card identification.

4.15.2.2.2.15 TENSION-COMPRESSION-TORSION ELEMENT (TUBE). The
element descriptions of this type of element will be described
on CTUBE cards. The format of the CTUBE card will be the same
as that for the CROD card.

.he element property description card will be constructed as
follows:

1-8 9-16 17-24  25-32  33-40  41-48  49-56  57-64 65-72  73-80
[ - = _ el
et | pI® mip® on® T8 nsM® l\'. .I >.I<>=

where

PTUBE® — card identification for property descriptions of
tension-compression-torsion elements

oD — outside diameter of tube (real number)
T — thickness of tube (real number)

0} .
NSM -~ nonstructural mass per unit length
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4.15.2.2.3 Material Descriptions

The Model Material File will be read in order to obtain material
properties for those materials identified on the element
property cards. These data will then be used to construct
material property definition card images. Before the card
images are constructed, the user will indicate if temperature

is to be considered in the analysis.

4.15.2.2.3.1 TEMPERATURE INDEPENDENT ANALYSIS. For this
analysis, the material properties of each required material
will be placed on MAT1 cards. The element description card
will be constructed as follows:

1-8 9-16  17-24 _ 25-32 33-40  41-48  49-56  57-64  65-72  73-80
wat1* | mp® £y ¢S | wb | mwot | a5 | e 1 e | ac?
we ¥ | st oo S| <] < ><< ><| ><]| >

where

MaT1” — card identification for material property inde-
pendent of temperature

(S

MiD"~ — material identification number (same as on
element property card images)

E$ -~ Young's modulus (real number)

Gs — shear modulus (real number)

MUS — Poisson's ratio (real number)

RHO$ — mass density (real number)

A$ -~ thermal expansion coefficient (real number)

TREF$ -~ thermal expansion reference temperature (real
number)

GE — stiuctural element damping coefficient (real
number)
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ST$, SC$, SS$ — stress limits for tension, compression and
shear (real number)

¥ . .
abc ¥,bc — continuation flag

4.15.2.2.3.2 TEMPERATURE DEPENDENT ANALYSIS. The temperature
of each grid point will be obtained from the Model Temperature

File. Using these data and a data set identification number
supplied by the user, the program will construct a TEMP card
for each grid point as follows:

'

1-8 9-16 17-24 25-32  33-40 41-48 49-36 §7-64  65-72 73-80
TEMP® sip® ¢* T c* > c* T*
where

TEMP® — card identification for temperature definition

SID® - data set identification number
c* — grid point identification number
T* — temperature at grid point (real number)

From one to three grid point temperatures can be defined on a

single card 1image.

For cach material, a MAT1 card will be constructed; it will
contain the mass density (p) and the thermal expansion
reference temperature. These two material properties will not
be temperature dependent. The remaining material properties
will be dependent on temperature and will be contained on MATT1
and TABLEM1 card images as follows:

1-8 v-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 73-80
¥ [vl Rs¥ abc ¥

MATT1" mip$ r1* RZ* R3

e ¥ R8* Ra¥ R10F ‘ﬁ;y
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where

MATT1" — card identification for material property dependent
on temperature

MID$ -- material property identification which matches the
identification number from some MAT1 card
¥ . - . ..
R1 — identification number of a table containing Young's
modulus versus temperature
R2 — identification number of a table containing shear
modulus versus temperature
R3 — identification number of a table containing Poisson's
ratio versus temperaturve
RST — identification number of a table containing thermal
expansion coefficients versus temperature
¥ . s . -
R8 — identification number of a table containing stress
limit for tension versus temperature
¥ . . . C .
R9 — identification number of a table containing stress
limit for compression versus temperature
r10¥ — igentification number of a table containing stress

limit for shear versus temperature

¥, ¥ ] .
abc,bc — continuation flag

The temperature versus material properties tables will be con-
tained on TABLEM1 cards. The data for each temperature depen-
dent variable will be on a separate set of TABLEM1l card images.

1-8 9-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 73-80

TABLEMI®| 1D I>=":| abe * |

¥ X
Xl X

+bc
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where

TABLEM1 — card type identification
1p* — table identification number as on a MATT1l card image
abcx, bcI — continuation card flag; as many continuation cards

as needed may be used
— temperature values (real number)
yX, Y%, vX _ data values which correspond to the temperature
values (real number)

ENDT " — flag indicating end of table

4.15.2.2.4 Weight Data Descriptions

In order to obtain weight data for each grid point, the User
Weight File will be input to the program. The user will deter-
mine which of the following two types of card images will be
constructed from the weight data.

1-8 9-16  17-24 25-32  33-40  41-48  49-S6 57-64  65-72  73-80
conM1® | ElD# G* Clp* MI11° M21° M22° M31° M32° abc ¥
+he T M33° M41° M42° M43° M44° M51° M52° M53° de ¥

ve * M54° M55° M61° M62° M63° M64° M65° M66°

where

+ . e . ..
CONM1 — identification of a card set containing a 6 x 6 sym-
metric mass matrix at a grid point

EID* — unique element identification number as on an element

description card
G* —~ grid point identification number

CID* — coordinate system identification number; unless changed
manually this value will always be blank
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Mij

b
abc ,

de ¥

- mass matrix values (real number); only those values

required need to be present, but all chese cards

are required

~ continuation flags

The CONM2 card type will define a concentrated mass at a grid

point of the structural model.

b

!

A
i

1-8 9-16  17-24  25-32  33-40  41-48  49-56  57-64  65-72  73-80
conmz® | EID G* cip M° X1° x2° xse | 2
¥ ° o o ] ° o v
+be 1 121 122 131 132 133 A
where
+ . Lo .
CONM2 card identification
EID* unique element identification number as on
an element description card
G* grid point identification number
CID* coordinate system identification number
M° mass value (real)

X1°, X2°, X3°

111°, 121°,
131°, 132°, 133°

4.15.2.2.5

122°,

offset distance

mass moments of inertia measured at the mass
center of gravity

Loads Data Descriptions

The Model Loads File prepared by the Force Inputs to Internal

Loads Analysis function will be the next input file. The EDIT

subfunction of the Force Inputs to Internal Loads Analysis func-

tion will provide all the capability needed for the handling of
this file.
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4.15.2.3 Output

Output from the NASTRAN input subfunction wili consist of a Run-
stream Input File to bpe input into NASTP'N. A tabulation

(fig. 4.15-2) of the constructed data is als~ required. The
output file will contain card images of NASTRAN bulk data cards.
A detailed description of file format and contents is contained
in the appendix.

4.15.3 ANALYSIS OF AEROSPACE STRUCTURES BY THE DISPLACEMENT
METHOD (AIR FORCE PROGRAM)

4.15.3.1 Input

The data to be used in preparing this runstream carn be obtained

from any combination of f° e different files and from manual

input. The data files, which are described in the appendix,

will be:

e User Model File — This file will supply the grid point iden-
tification numbers; X, Y, and Z coordinates of the grid points;

and complete element descriptions.

e Ltlement Property File — The structural properties for each
element will be contained in this data file.

e Model Temperature File — This file will contain data which

describe thermal loading conditions.

e Material Data File — This type of file will contain descrip-

tions of thce material properties.

e Model Loads File — Card images, which will be constructed by
other ISAS functions, can be retrieved from this file and

included in the new runstrecam.
The capaoility must be provided to enter additional data of any

type listed above, to modify any data obtained from files, and to
delete any data.
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4.15.3.2 Processing

4.15.3.2.1 Grid Points Description

The User Model File will be read in order to obtain descriptions
of all grid points and elements which describe the structural
model. The grid point descriptions will be used to construct
inages oif NASTRAN GRID cards.

1-8 9-16 17-24  25-32  33-40  41-48  49-56  57-64  65-72  73-80
GRiD" iD* cp* X1ie Y1* z1% cD PS I\_v-<_>v .]
where
GRID® — card identification
ID* — grid point identification number
Ccp* — coordinate system identification

X1*, Y1*  Z1* — grid point cocrdinates

PS, CD — blank unless changed manually

The field CP will always contain blanks since the Air Force
Program can accept data for only one coordinate system.

From the element descriptions, the program should construct
images of the following NASTRAN element cards:

e CONROD
e CROD
e CTRMEM
e CODMEM
e (CSHEAR
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The Air Force Program will be limited to the preceding listed
clement types. All other NASTRAN elements must be converted to
one of these types. The program will display these NASTRAN ele-
ments, and the user will select which elements are to be con-
verted. This conversion will be based on the number of grid
puints in the element description. Elements having two grid
points wili be converted to CROD; those having three grid points
will be converted to CTRMEM; and those having four grid points
will be converted to CQDMEM. The converted results will be dis-
played for user verification. Detailed descriptions of each of
the element cards can be found in section 4.15.2.2 of this

document.

4.15.3.2.2 Element Descriptions

Using the property identification number of each element, the
program will read the Element Property File and obtain the struc-
tural properties for each element. Images of NASTRAN property
cards will then be generated for each element described or the
elem nt cards. The type of property card created will be depen-
dent on the tvpe of element card used to describe the element.

This corresponuence 1is:

e CROD = PROD

e CTRMEM = PTRMEM
e CONROD = (no property card needed)
e COQDMEM = PQDMEM
e CSHEAR = DPSHEAR

Lach of these property card types is described in section 4.15.2.2.

4.15.3.2.3 Material Descriptions

The Model Material File will be read in order to obtain material
properties for those materials identified on che property card
images. These data will then be used to construct material
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property definition card images.

structed,

Before these images are con-

the user will indicate if temperature is to be con-

sidered in the analysis.

4.15.3.2.3.1

case,
cards.

TEMPERATURE INDEPENDENT ANALYSIS.

For this analysis

the material properties will be placed on images of MATI1

1-8 9-16  17-24  25-32  33-40  41-48  49-56  57-64  65-72  73-80
w1 | wmnt g} ] et | et | A | mmer | e | abe
-q-' P Sy Ly D N
be ¥ st8 sct 55, A AAMMA
where
MAT1" — card identification
MID@ — material identification number (same as on
element property card image)
Es — Young's modulus (real number)
Gs — shear modulus (real number)
MUS — Poisson's ratio (real number)
RHO$ - mass density (real number)
As — thermal expansion coefficient (real number)
TREF$ — thermal expansion reference temperature (real
number)
GE$ - structural element damping coefficient (real
number)
abc:,‘bcx — continuation flag
¢
STs, S, SS$ — strzss limits for tension, compression, and
shear (real number)
4.15.3.2.3.2 TEMPERATURE DEPENDENT ANALYSIS. 1If thermal loading

conditions are to be applied,

the user will indicate the required
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temperatures and the data will be retrieved from the Model Tem-
perature File. The program shoula then construct matcrial
property card images (as described previously) and images of
NASTRAN TEMP cards. The format of the card is shown below.

-8 0-16 17-24 25-32 33-40 41-38 19-56 37-64 65-72 73-80

remp’ sip® o * ot e o* T

TEMP® - card identification

sip* - temperature set identification number
c* ~ grid point identification number
> — temperature (real rer)

Each card of this type can contain data for one to three grid
points. The program should provide the capability to prepare
several sets of TEMP cards, which describe different thermal
loading conditions. Each set of card images will be identified
by a unique temperature set identification (SID) number.

I[f mechanical loading conditions are to be a; 2d, the program

should retrieve images of FORCE cards from the ‘odel Loads File

for the required grid points. The program will also provide

the capability to display all other card images in the file

and to hu.e all selected cards included in the output file. As

with the TEMP cards, multiple loading conditions may be prepared
in a single pass of the program.

The user will have the capability to have all card images dis-
played, to delete any card images, and to modify any card images.
Also he should have the ability to manually input images of any
type card.
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4.15.3.3 Output

The output of this function will consist of tabulations of the
generated card images and a Runstream Input File. Figure 4.15-2
shows an example of the tabulations; all 80 columns of the card
will be displayed. A detailed description orf the format and con-
tents of the Runstream Input File is contained in the appendix.

There are no requirements for any type of demand graphics in
this sutfunction.

4,15.4 AUTOMATED STRUCTURAL OPTIMIZATION PROGRAM (ASOP)
4.15.4.1 Input

Depending on the type of problem being set up, this subfunction
will obtain the required data from the following input files.

® User Mcdel File
e Element Property File
® Model Material File

® Model Loads File

Also, the user can input additional information from the remote

terminal.

4.15.4.2 Processing

The primary processing required from this function of ISAS will
ve the preparation of input card images for ASOP. The user must
be allowed to specify the type of card image to be created,

the order, and the data to be placed on the card image. The
structure of the runstream to be prepared is shown in

figure 4.15-3. Detailed information on the composition and
form. . ¢f individual segments of the input deck is provided in
the following sections. Additional information may be obtcined
from the technical report AFFDL-TR-74-96, An Improved Automated
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Structural Optimization i'rogram. The following list indicates
the types of data which may be placed in the runstream and the
options that must be provided to the user. The user must have
the capability to select the data types to be placed in the

cunstream.
Option Data Type
1 Initialization data
2 Properties ot composite material
3 Allowable stress reduction factors
1 Node geometry and boundary conditions
5 Node geometry only
6 Boundary conditions only
7 Material properties update
8 Member data
9 Load data
10 Condensed boundary conditions
11 Deflection constraints
12 Stability tables

4.15.4.2.1 1Initialization Card

Prior to the creation of any large blocks of data describing

the structure and loading, one data card will be required to
control the sequencing of operations. The format for this image
is shown below and contains thc following information.

1-2 3-3 5-9 J0-1d 1224 25 26-30C 31-69 70 71 72 73-80
< {1 (e ch S DB TITLL Ccrjcw]co ™
where

s —~ maximum number of cycles to be permitted in the initial

or strvess constraint phase of the synthesis algorithm
(12 format)



ID — maximum number of cycles to be permitted in the deflection
constraint portion of the algorithm (I2 format)

CC — convergence criterion for weight ditferences for the
initial or stress constraint phase (F5.0 format)

CD — convergence criterion in the deflection constraint
phase (F5.0 format)

S — clue to select the scaling option; if operative, a '"1"
will be entered (Il format)

DB — five fields (one column each) containing debugging
output flags. A nonzero will indicate that the appro-
priate output has been requested.

column 26 — intermediate output, such as element matrices,
in the initial phase

column 27 — debugging information in the deflection
constraint phase

column 28 - element corner forces and moments for each
cycle

column 29 — nodal deflections for each cycle

column 30 — tape and file number locations for the
important matrices

TITLE — any alphanumeric title for the problem (39 characters)

Cp — clue to print element edge shear flows obtained by dif-
ferencing element nodal forces; if operative, a "1" will
ke entered (I1 format)

Ccw — flag to print orthogonal element warp loads; if operative,
a "1" will be entered (I1 format)

Co — clue to print orthogonal element stresses in the property
axlis system; if operative, a '"1" will be entered (Il
format)

™ — title of the member matrix following redesign; this may

be any alphanumeric name (A8 format)

4-136



4.15.4.2.2 Properties Composite Material

Dcota describing the properties of the composite materials will
follow the initialization. If there are no composite materials
in the structure, one blank card should follow the initializa-
tion card. Each material used in individual layers of the com-
posite will require two cards to define its properties. A
maximum of five composite materials can be placed in a single
runstream. The last set of two cards must be followed by a
blank card, which will define the end of the Composite Material
Table and the beginning of the Allowable Stress Reduction Factor
Table. All of the data required to construct thes- card images
will be supplied by the user through the remote terminal. The
composite property values that must be supplied will be for the
individual layers, in which the fibers will be unidirectional.

The cards wii be constructed as follows:

Card 1 MATRL E11 EZZ GlZ Mo ¥ay THICK DEN
Card 2 MATRL Ft FC FS &
where

MATRL - identifier for the composite material in the direction
of the fibers (I10 format). This may be any number from
1 through 9 and must appecar on both cards.

E — Young's modulus for the material in the direction of the

H fibers (L10.0 format)
LZZ — Young's modulus for the material transverse to the fibers
{CE10.0 format)
G12 — shear modulus of the composite (E10.0 format)
o — Poisson's ratio (transverse strain due to axial stress)

(E10.0 format)
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Moy — Poisson's ratio (axial strain due to transverse stress)
(E10.0 format)

THICK — thickness of a single layer (E10.0 format)
DEN ~ density in pounds per square inch per layer (E10.0 format)

F — allowable tensile stress in the fiber direction, in
pounds per square inch (E10.0 format)

F — allowable compressive stress in the fiber direction,
in pounds per square inch (E10.0 format)

F — allowable shear stress referred to axes along and trans-
verse to the fiber direction, in pounds per square
inch (E10.0 format)

All of these parameters will be real numbers with the exception
of MATRL.

4.15.4.2.3 Allowable Stress Reduction Factors

There will be three allowable stress reduction factor cards:

one card each for tension, compression, and shear allowable
stresses, in that order. Each card image will contain 20 fields
(F4.0) for up to 20 loading conditions, numbered consecutively
from left to right. These cards will define factors that will
be applied to the metallic element allowable stresses to modify
them for different loading conditions. If the allowable stresses
are not to be modified, three blank cards should be inserted

in the runstream. The allowable stress reduction factors will
normally be decimal numbers greater than zero and less than

one. All of this data will be input by the user.

4.15.4.2.4 Label Card

All of the data sets in the following description will start
with a LABEL card. The LABEL card will have the following

form that begins in column 6. The card should contair. no blanks
between entries.
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LABEL (1) ,NAMEA ,NAMEB

where 1 equals

0 — flexible supports (additional stiffness)
1 — geometry and boundary conditions

2 — geometry only

3 — boundary conditions only

4 — material properiies update

5 — member data

6 — load data

7 — condensed boundary conditions

g — deflection constraints

9 — stability tables and splice joint tables

NAMEA and NAMEB

any alphanumeric names to be associated with
the data. Each name may have up to eight
characters.

The deck sequence for data sets 1 through 5 must be maintained
as shown in figure 4.15-3, The sequence of data sets 8, 9,
and 0 will be immaterial.

4.15.4.2.5 Nodal Geometry and Boundary Conditions

At this point, the user will identify the User Model File and

the ~ubstructures to be included. The program will read the

file and construct an image of a geometry and boundary conditions
card for each grid point of the selected substruccures. The
tormat of this card type will be:

1-4 5-17 18- 30 31-43 44-53 54 55 56 57 58 59 60-89

NODE X Y : ex|ay|az|ex|ev|ez <]
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where
NODE — node number (I4 format)
X,Y,Z — coordinates of the node (E13 format)

AX,AY,AZ,6X,0Y,6Z2 — boundary conditions

The boundary conditions can be

0 — zero displacement component. This clue will cause the
rowv and column for the particular displacement component
to be removed from the structural matrix that is created.

1 — "free" (not specified) degrees of freedom.

2 — same as 0. (Refer to AFFDL-TR-74-96 for additional

information.)

After the program has constructed one cf the preceding cards for
each node, the user will be required to input the boundary con-

ditions at each node. At the same time, he should be allowed

to delete the card or modify any data on the card. The geometry
and boundary condition data should be entered with the nodes in

ascending numerical order with no numbers missing.

As indicated in the description of the LABEL card, this data
set must be preceded by a LABEL(1l) card, where:

NAMEA — name for the geometry pseudomatrix (eight characters
maximum)

NAMEB — name for the boundary condition pseudomatrix (eight
characters maximum)

A blank card must follow the last geometry and boundary condi-
tions card.
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4.15.4.2.6 Node Geometry Only

When this option is selected by the user, the program will
follow the same procedures as described for the input of geom-
etry and boundary condition data but with two exceptions. The
program should not request the user to supply the boundary con-
ditions, and the fields (columns 54 through 59) should be left
blank. Also, the data set should be preceded by a LABEL(2)

card, where
NAMEA — name for the geometry pseudomatrix

NAMEB — blank

4.15.4.2.7 Boundary Conditions Only

All of the data for this data set will be input by the user
through the remote terminal. The boundary conditions will be
specified using a special condensed format, described below,
where the "typical” nodal degrees of freedom will be indicated
and all exceptions will be specified. (Refer to page 4-139

for an alternate method of inputting boundary conditions.) The
data will be preceded by a LABEL(7),NAMEA card, where NAMEA is
the name of the boundary condition pseudomatrix. The first
card will indicate the standard degrees of freedom. Columns 1
through 6 will contain 0, 1, or 2 curresponding to the six
degrees of freedom — AX, AY, AZ, 8X, 6Y, and 6Z. Columns 7
through 10 will contain the total number of nodes in the struc-
ture. The following is an example of the first card:

I 231506 710 11-80

11 1pejololsza

where the standard degrees of freedom are

AX — 1
A\Y i ]
AZ -1
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8xX — 0
8Y —~ 0

8Z — 0

and the number of nodes is 324. The remaining data cards will
indicate degrees of freedom that are exceptions to the standard.
Twelve fields (starting in column 11) of an IS5 format can be
used to record this information, with a minus sign indicating
"through." For example:

123456 7-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 66-70

1{1{2[o]o]o 5 8 301 -36 SOIIKIK,IT

Nodes 5, 8, 30 through 36, and 80 have degrees of freedom 1, 1,
2, 0, 0, and 0. A blank field within the twelve I5-fields will
cause the remaining fields cf the card to be ignored. When using

this format, all the nodes must appear in the geometry data in
consecutive order with no node numbers skipped.

4,15.4.2.8 Material Properties Update

The program ASOP will have a limited number of standard materials
that can be incorporated under specific material codes (see
table 4.15-1). If the user does not find the appropriate
material in the table of standards or if he wishes to input
standard minimum and maximum sizes, he can set up his uwn
material codes and associated material tables. This can be
done by placing a materials data set in the runstream. The
user will first identify a Model Material File and specify the
materials to be used. The function will read the file and con-
struct images of standard material cards. For each material,
two cards are required as follows:

I 7 ~-8 9-16 17-24 25-32 33-40 41-48 49-56 57-72 T3 80

M( AS] ASC ASS LM PR D Ml
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where

MC - material code always grcatcr than 3 (I3 {ormat)
AST — allowable stress tension (E8.0 format)

ASC - allowable stress compressicn (E8.0 format)

ASS — allowable stress shear (E8.0 format)

EM - elastic modulus (E8.( format)
PR — Poisson's ratio (E8.0 format)
)] -- density (E8.0 format)
MI - material identity (AlS5 format)
1-5 6-8 u-16 17-24 _ .
MCH|  MaS MXS T e —
e — _}
where
MCH — material code pl.. 100 (I3 format)

MNS® — minimum size (8.0 format)

MXS1 — maximum size (E8.0 format)

A value for cach of the physical properties must be included
when inputting a material data set. This data set will be pre-
ceded by a LABEL(4) card and wili be followed by a blank card.
If this data set is used, it must precede the LABEL(S5) member
data.

4.1 4.2.9 Member Data

T . «mber (element) data, which should apnear immediately
following the load data, will be preceded by a LABEL(5),NAMFA
card, where NAMEA is any eight-character alphanumeric name the
user wishes to assign to this block of data. The types of

Minimum and maximum size will usnally denote the thickness
or cross-sectional area. Minimum size should never be 0.0.
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structure can vary from trusses, which contain bar elements that
ccnnect 2 elements and have 1 elastic constant, to anisotropic
solids that have members which connect 8 nodes and contain

21 elastic constants. Geometric properties can vary from one
for a bar to five for a beam. The only restr: :tion will be when
the model includes bar elements adjacent to membrane elements;
the dataz car. for anv such bar element must not pr2:ede the data
cards for the adjacent membrane elements.

The member data will be divided into five basic data classes,
which in turn will be further subdivided into subclasses. The
basic data classes will pe:

Data Class Description
1 Tepolog:r .nd geometric properties
2 Elastic properti=2s

R.served for future use
Reserved for future use
Allowable stresses and prescribed sizes

[T T < T ¥

Pata will be identified as belonging to a specific data class by
clacing a digit from 1 tc S in column 15 of the member data card
images. The subclasses will be used to identi.y types of data
contained cn a member (element) card. The subclass will be
placed in column 16. The member data card format is given in
figure 4.15-4.

The five data classes will be divided into items according to the
following lists. The item number location oa the input form is
shown “n figure 4.15-¢/. The numbers shown in columns 15 and 15
in figure 4.15-4 are actual data class and subclass numbers.

The member number (item 1 in the following lists) nust he placed
on every card imag:.
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TOPOLOGY AND GEOMETRIC PROPERTIES — DATA CLASS 1

Item Description

[

Member (element) number. (I4 format)

2 Member type. (See Finite Element Catalog, sec-
tion 4.15.4.2.10.)

3 Material code will indicate the type of material and
its properties. The ASOP program will have built-in
standards; however, the user can specify his own
material properties by inputting a data set of material
properties. (See LABEL(4) data.)

4 Not used.

5 Construction code will be used to select stabil.ty
tables for the member. (See Stability Tables, sec-
tion 4.15.4.)

6-25 A maximum of 20 rnodes per element. This will be the
topological data which will indicate the nodes that
a particular member connects. finteger numbers)

276-35 Geometric properties of the member (thickness, area,
moment of inertia, etc.). Details of these properties
can be found in the Finite Element Catalog. (real
numbers)

ELASTIC PROPERTIES - DATA CLASS 2

Item Description

36-60 These factors will *re used to indicate the elastic
constants. (real numbers)
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DATA FOR FUTURE USE - DATA CLASSES 3 AND 4

Item Description

61-80 These items will be reserved for possible expansion
of ASOP spabilities 2nd will not be used at this time.

ALLOWABLE STRESSES AND PRESCRIBED SIZES — DATA CLASS 5

Item Description

81-85 The first three items will contain the tension, compres-
sion, and shear allowable stresses for the member. As
can be seen from figure 4.15-4, they will be entered
on the card for 5-1 (class 5, subclass 1). The last
two items on the 5-1 card will be reserved for minimum
and maximum sizes. (floating point numbers)

86-90 These items, entered on the 5-2 card, will be for the
composite layup and, when entered, will serve tc estab-
lish that the member is of laminated composite construc-
tion. Because there will be nine quantities to be
enterel, the space allocated to each item wiil be split
in halr. Starting with the second half of item 86,
the following quantities will be entered: 1, m, n,

lmin' nin® Mmin? lmax’ moax? and noax® where the first

three are starting values of the number of 0°, 90°, and
+45° layers, respectively, and the other quantities

n

are present minimmm and maximum values of these layers.
The quantities in items 86 through 90 are all integers.

The data used to construct this data set (member data) will be
obtained from her the User Model File or from the user via the
remote terminai. keyboard. The element descriptions on the User
Model File will be constructed in a way to fit the needs of
NASTRAN. This function of ISAS should construct images of ASOP

4-146



element cards. The format of these cards is described in

the Finite Element Catalog section of this document. With one
exception, each NASTRAN element type will have a unique cor-
responding ASOP element type. The TUBE element type can be con-
verted into either an ASOP type 2 element or a type 11 element.
The user must be allowed to control the type of conversion for
each TUBE element.

4.15.4.2.10 Finite Element Catalog

The following pages illustrate and describe the input member
(element) data for the finite elements that can be input to ASOP.
The input data will be placed in fields in accordc—~ce with
figure 4.15-4. The material code must be provided and may be
either a standard code or any code from 1 to 10, provided a
material table is included in the runstream (reference LABEL(4)
data). Because the 5 1 data class card (containing tension,
compression and shear allowable stresses and minimum and maximum
sizes) will be in the same format for all the elements

(fig. 4.15-4), it is omitted in the followirg pages. Only
topology, elastic property information, and stress output are
shown.

Special care should be exercised in entering the angle 8 ,
which is used when property axes differ from element axes. This
angle will always be measured from the element Xl-axis. It
should also be noted tnat, in numbering the nodes of the quadri-
lateral elements, i-j need not be in the counterclockwise direc-
tion, as required by NASTRAN.
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4.15.4.2.10.1 ELEMENT 1: BAR ELEMENT (NASTRAN — CONROD, CROD)

P
’//;:hllum

)
/i
| 4
INPUT
13

@ (-3

(=% - L

LS Bl -~ -

Lo d Ld B LIE] - ~ (4] - v

L] vl 3 -l
L3 Bl Bl el B Ulal=jirnin] - b= . [ [ =
© vjo|-x F3 KN - ] o o b4 N
Lojlolesiddvnelsivie]o] oo - - - - »
HHEEBIHHHEEHE AR A R
:zz:uouusmzzzz [ (4 (M e, [™
No. | 1 1111i}j Area
. 21 E
Note:

E - modulus of elasticity

*This card will be needed on , whan overriding program-
stored properties.
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4.15.4.2.10.2 ELEMENT 2: BEAM ELEMENT (NASTRAN — CBAR)

x
A

reference plane (R)

7
7
/7
7
7
Ve
7
Ve
( l Nodes i, j, and k will determine reference plane R. Angle # will determine
orientation of Yg» Zg anes with respect to reference plane R.

For the off{set beam, nodes i and j will be the structural connection nodes and
nodes £ and m will be che beam centroid nodes. Node k will determine the orien-
tation of the beam.

INPUT
3
o ]
[ - N
Py N -~ n
[ o) Kol af Y C I -~ ~ - - w
s w3 |~]n
b ol bo ]l e -l b Vje|m~iri]nl < Tor 1 3 o 1 3 L
OOl olm FIK - [ © -] -] o
HAalajovia]l ve|njvjeojelu] o ~ - . - -
HHB HE B HHEHE R R A
2218123151 88|8|3|21212|2] & [rs @ [ u,
k 8 ! J
No. ) 2 1111i]y L | Area vy | ‘22
2im
. 21 E

@@ Note:

8 - is in degrees
J ~ effective polar moment of inertia

(@3’ Q E ~ modulus of elasticity

%. *This card will be needed unly when overriding program-
Q Q\‘_p stored properties.
\ fThis card will be needed only when using induced offsets.
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4.15.4.2.10.3 ELEMENT 4: TRIANGULAR MEMBRANE ELEMENT (NASTRAN -
CTRMEM

The local axes will be x, and Yo The local property axes will be x
Nodes will be numbered in counterclockwise fashion.

P and Yp'

AP

Isotropic and Orthotropic

[
[ 3 (-]
I~ bl
120 Kol Aal v aln -4 o~ [ 4] - W
[ vl a ad L.
O o] O] F3 K] [l -] -] o (-] o
LDolojoes]o] velsiuvio]e] oo - ) - - -
HIHBEIHBRHEHEEEH AR R A R ]
!zgzuﬁuuanZIZ ik [ k. e e .
No. | & ifa] 5]k t 8
[ ]
21 AMad?z A3 M2
Anisotropic
No. | & 1] 4]; Ik t 8 1
" 2|1 A1 jRe2 A3 1A JAN4
. 2]2 AIS
Note:

t - th.:kness of element
B8 - given in degrees
Elastic factors (A’l.etc.) will be elements of stress-strain

law:

Oy M M2 A fex
o 112 Az Paisley
*xy, Asi As2 A3 \'y

*This -ard will be needed only when overriding program-
stored properties.
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4.15.4.2.10.4 ELEMENT 5:
(NASTRAN — CQDMEM, CQDMEM1)

QUADRILATERAL MEMBRANE ELEMENT

Element 5 will be composed of four triangular e¢lements. The local axes will be

Xy and Yy The local property axes will be ‘p and yp.

INPUT
Isotropic and Orthotropic
[~

('3 -]

Q. -l "

>N 0 - "

o] B |]lwn - ~ ~ -r (Y,

L} ul 3 ol
o fm | b | wt | b V|| ] o 1 ~ 15 [ [
LRI IR F3 — o (-3 o © Qo
Lolojvo]lalrne|ajviviojole L od - - - ~
Eglalev|ojeo|~io]|s|OB]D 7] 7] u v 7]
3lojlgolm]lOo0ls|D]O]O]O]l O o < L] < b
ZZ|ZI|EVO || niziz)ZIZ]| e [ Ko (™
No.{ § TR1jd {jfkfrt ¢t (]
* 2N Ay A2z JAss | M2
Anisotropic
No.{ S 11101 |k }e 8
. 211 Air [A22 [As3 | Mz |Pes
[ ]

~ 212 Al3
Note:

t — thickress of element
8 — given 1n degrees

Elastic factors (All.etc.
law:

Uy A M2 A
° ¥ 1R A2 Az
“xy Asp Az Ags
*This card will be needed
properties.

will be elaments of stress-strain

~”

X

™

b4

v

"Xy,

only when overriding program-stored
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4.15.4.2.10.5

ELEMENT 6: QUADRALITERAL SHEAR PANEL

(NASTRAN — CSHEAR)

Yy '\51

k |
f‘ 2 l
a, L4
.//li
£, | Xy 4 H f3
|
$ £
n 4 |
dn
Panel can be warped or planar. )
|
INPUT
[
L' o
[N . w
SR -~ "
[l Kl hi U clwn —t ~ " - wn
[ ] ul s -] n
o ba ) bofom ] e (SR A NIl B 4 b = 1 o [ 2]
vaujo|- F Kd L [+] -] Q -] o
LQojoilov]lalnelajuvjojoel ol o ~ «~ -~ - -~
geg| aleg| o csvlelolv|v|v]lO (73 v [ v [
0:£!°h°oﬁ:°o°° ] a - [ L]
22 AN AL RSISEN-S IR A AR ] U, [ [ [
No. 1 6 101 13]lj ] kjo t
No 1|12 | min | o}jp
No. 2141 E G
Note:

t - thickness of panel
E - modulus of elasticity
G - shear modulus

Nades m, n, o, and p will he optional (data card 12). They
will he used to specify the directions of the "kick™ forces.
When nodes m, n, o, and p are specified,the direction of the
"kick" forces will be from i tom, from j to n, from r to o,
md from ¢t to p. When these nodes are not specified (card 12
is left out,, the direction of the "kick"” fories will bhe
perpendicular to the two adjacent sides at a8 nodc and its
sense is as shown above.

ORIGINAL PAGB IS

OF FOOR QUALITY]
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4.15.4.2.10.6 ELEMENT 8: WARPED QUADRILATERAL (NASTRAN —
CQDMEM2)

ks
} ¢ 56
5-\
kg
]
f
B DN y
k P | ~ e
1 7 \ S
7 Iy Kk = \
0o 2 )
// ! £
£ 7 7
1 %y 1
| \\\t\ / P
T ~‘\’
f/: 1~~~ 4, fs
2 : I
£ [
ém 8 |
in >
INPUT
Isotropic and Orthotropic
© 5
-8 - nw
>l n L o L]
2] Kl wlw LR K - ~ [ - "
bt ] b 2 3 E G : i) ng - b [ 23 1 3 So 1
VOO W L) » L [-] ] [+] [+] =]
L0 .g oov|lalivo|sluio]o] v o - - - » -
aeg wojlajeco»|lojvw|vlioO]lw [ 1%} (7} 9 U
(-] £ oI ~jO00jl®]A]O0]O) Ol O n [ [ [ ]
xZ FASIRCIQEISEN-RIV -2 -3 3 B [’y [ Y S e
No. | 8 1 Pl ifjikfef ¢t 3
No. 1 mjnjo | p
No 2 Ay fA22 [As3 14
Anisotropic
No. | 8 1 J1fi j‘k L t 8
No 1 J2)]minlo }p
* 2 [1 A [R22 Ass [Arp [A
* 2 |2 "13
Note:

& ~ Nodes m, n, o, p will be optional {(data card 12). They will
L& be used to spccify the directions of the "kick" forces. If
<) data card 12 is left out, direction of "kick" forces will be
\ 7 perpendicular to adjacent sides at node and in the directions

Q,,@ shown in the figure.

@) t — thickness of element
g' 8 - angle between property axes and side i-j; given in degrees.

Elastic factors (A“.ctc.) will be elements of stress-strain

. law:

é' 9 M Mo A
o 7 Ay A Ay gy
Txy Ast A Mgy Yy

*This card will be nceded only when overriding program-stored
“roperties.
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4.15.4.2.10.7 ELEMENT 11: BEAM ELEMENT (NASTRAN — CBAR)

Hinge will exist at node j on Z, axis. Nodes i, j, and k will determine
reference plane R. Angle B will determine orientation of Yo and z, axes with
respect to refercence plane R.

INPUT
[
L -]
[J -, "
] * 0
[ wlo stwn - ~ (4} - "
L] via -l
L3 Bl Bl Bl 3ol V]afmiglnl e b - - b b
w Q| O = Sl e - -3 -] [ o o
.og.eaoa.mouu»uoo - ™ . - -
[ 8 vole|lco|#iolV[O] DT v v v 7] v
Vale "ol jO00]Iwl3]O]O) O]l O (] [ © (] “
ETZ) )], JjulowianiZzi=|Z]|= [T9 (1S [T the TS
i s
Nu. .} 1|1} k iAre ]
) rea | B vy L,
. | 2 |1 E

Note:

B — given in degices

J - effective polar moment of incrtia
E -~ modulus of elasticity

*Thix card will be needed only when overriding program-stored
properties.
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4.15.4.2.10.8 ELEMENT 15: TRIANGULAR BENDING ELEMENT (NASTRAN —
CTRPLT)

Nodes will be numbered in counterclockwise fashion. The local axes will be
x, and Y- The local property axes will be xp and Yp:

INPUT
Isotropic and Orthotropic
e
o 0
[ -t "
N o0 24 w
[ 23 Kl |l v siwn - g1 ” -3 [V}
5 vl 3 vl
o bl b Eal B2 Gl [m]afen e b b= [ Ae b
VO™ -1 ~ -] [-] o Q [-]
LojlLlev]unae]slvivsio]l o] o -~ - - -~ -
FHHBIEEHEH EHERE A IR E
:?gguuuuamz:‘izz [ [r. [ :: [ns
No. 1§ 11 ]ilj] k t 8
L]
! Ap 122 Ass M2
Anisotropic
No. @15 1i]ilj]x t 8
L]
2 APz s iMig | A
L]
212 Ais
Note:

t - thickness oy element

8 - given in degrees (positive direction will be clockwise
measuring from i-j line)

Elastic factors (All.etc.) will be elements of stress-strain
law:

A €

9y My A2 Aislfex
oy B 11 A Aty
Txy ASI ASZ A33 Yxy

*This card will be needed only when overriding program-
stored properties.
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4,15.4.2.10.9 ELEMENT 16: QUADRILATERAL BENDING ELEMENT

(NASTRAN — CQDPLT)

v

Elemcnt 16 will be composed of four triangular elements.

The local axes will be

Xy and Y- The local property axes will be xP and yp.
INPUT
Isotropic and Orthotropic
e

[ o

[-Y Bl ]

>Ny v L "

[ Kol nl v aln L) ~ (4] < w

[ ] ula Lol B4
bo bt ] b |t wal b Qe jri] ] e - | [ [ b
.goozoﬁ.:ou:m O] @ 3 3 8 3 8
HHBEHEHEMEEH B AR E AR E
iz :8u8u8mz£zz [ bhe Ao [T "
No. |16 M1 ijjlk]erj ¢ 8
* 2 A P22 HAss M0
Anisotropic
No. 16 Yal sk ]e] 2 ]
* 2! Ay [A2z |35 [ M2 |Ps
[ ] '

, 2 Al3 |

Note:

t — thickness of element
B — given ia degrees

Elastic factors (All.etc.) will be elements of stress-strain

law:
Oy Ay M2 Mg fex
9% §°|*a Az Aty

'xy ASI ASZ ASS ny

*This card will be needed only when overriding nrogram-stored

properties.
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4,15.4.2.10.10 ELEMENT 17: TRIANGULAR MEMBRANE AND BENDING
ELEMENT (NASTRAN - CTRIAl, CTRIA2). The input format for element
itype 17 will be the same as for eleiment type 4.

4.15.4.2.10.11 ELEMENT 18: QUADRILATERAL MEMBRANE AND BENDING
ELEMENT (NASTRAN — CQUAD1, CQUAD2). The inpu. format for clement
type 18 will be the same as for element type 5.

4,15.4.2.11 Load Data

This data set will follow the one described in the Boundary Con-
ditions section (LABEL(3), LABEL(4), or LABEL(7)). The first
card will be a LABEL(6) ,NAME(M) card, where NAME is an eight-
char er name of the pseudomatrix and M is the number of load
concacions (columns). The card images containing the loads data
will follow the LABEL card. Each of these card images can con-
tain one, two, or three load values. It should be noted that
only nonzero values of the loads can be input. The format of
the loads card will b~ as follows:

1-4 S0 Y 1128 28 28 NI 3-34 15 48 449-52 §$3-54 55 &8 S9-72
[ R T JU)MPJ H‘\Y'T VALl ) NO l“lll' COND ] VAT UL T\(’l‘l lLDMPT (OND ] AL 1
where
NODE - grid point identification number

COMP - component (Fx, F Fz, Mx’ My’ Mz)

y’
COND - column number

VALUE - load value (floating point)

As with all dota sets, a blank card will follow the last load
card. The data to be placed on these card images will be
obtained from the Model Loads File and manual in:;ut through the
remote terminal.
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4.15.4.2.12 Condensed Boundary Conditions

This option is the same as that described in the Boundary Condi-
tions Only section (option 6). ‘

4.15.4.: 13 Deflection Constraints

M:fiection constraint data will be preceded by a LABEL(8),NAMEA
card. Each data card will contain the maximum and minimum values
of AX, AY, and AZ for a particular node and the load cases for
which these constraints apply. Here "maximum and minimum" will
correspond to the larjest absolute values of AX, AY, and AZ in the
positive and negative directions of the global coordinate axes.
The absolute values (i.e., no negative values) are to be entered
on the card. The deflection constraints listed on any one card
can apply to a maximum of 10 load cases, and the cards must be
arranged in ascending numerical order of the ncdes. All of the
data for this data set will be supplied by the user via the
remote terminal. The deflection constraints data will be con-
structed in the following format.

1-4 S-6 7-14 15-22 i3-24 23-32 33-4C  41-42  43-50 51-58  59-60 61-80

EhESS Fain ] Maax | Main L] Yaax | Stain | D] lond cases |

where

NODE ~ grid point identification number

AxmaxAxmin ~ real values for maximum and minimum deflection
in X-direction

AYmaxAYmin — real values for maximum and minirum deflection
in Y-direction

Azmaxﬁzmin — real values for maximum and minimum deflection

in Z-direction

Load Cases — from 1 to 10 load cases (12 format)
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4.15.4.2.14 Stability Tables

For some structural problems, design allowable stresses may have
to be altered to orevent local instability of various members.
These allowables will usually be functions of the load levels

to which the member has been subjected and will be entered as
tables. Stability tables may be supplied for the sizing of
element types 1, 5, 6, and 8 only. The stability table data

set will begin with the LABEL(9) ,NAME card. The stability tables
(maximum of 17) will follow this card, and the data set will be
tertinated by a blank card. Each stability table will contain

a header card specifying the table number (card columns 9 to 12,
I14), the number of values of the abscissa (card columns 13 and
14, I2), and the number of curves in the table (card columns 15
and 16, I2). ASOP will be limited to handling nine abscissas
and nine curves per table. Following the header card will be

a card specifying the values of the abscissa for which allowable
stresses are given. This data card will be constructed using
the following format.

22-°8 29-35 36-42 43-49 50-56 §7-63 64-70 71-72 ?3-80

= I S RS B AU R B S =

where

A1 thronugh A9 — values of the abscissa (real number, E7.0 format)

1 — sequence number (I2 format)

Next, the value of the second independent variable and corre-
sponding allowable stresses for that variable will be entered,
one¢ per card. This card image will be constructed in the fol-
lowing format.

1.7 L) 18- 21 29-35 6 42 4%-44 50-50 57-0d 64-70 ~1-72 73-80
]

o 22 2R
l:ij_—‘;__] e i S3 J 54 I S5 J o _! i J - I % J l><l
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where

Q — value of the second independent variable (real
number, E7.0 format)

Sy through Sy — values of allowable stresses (real number,
E7.0 format)

I — sequence number (I2 format)

Each succeeding card (curve) will be completed as defined by
its header card. Another table header card will follow, and
the process will continue until a blank card indicates the end
of the data set. All of the data required for this data set
will be suppiied by the user through the remote terminal.

4.15.4.3 OQutput

Output from this subfunction will consist of a Runstream Input
File to be input into ASOP. A tabulation of the constructed
runstream is also required. The user must have the capability
to modify, delste, or add to any of the data displayed in the
tabulation. The output file will contain card images of ASOP
data cards. A detailed description of the file format is con-
tained in the appendix.

This subfunction has no requirement for plot output.
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MODEL
WEIGHT
FILE

SELECT ANALYSIS
PROGRAM AND

GENERATE INPUT
RUNSTREAM FOR
SELECTED
BATCH JOB

DATA ALL OK

1. NASTRAN
2. AIR FORCE PROGRAM
ANAZYSIS \_ _ _ _ _ | 3 AP
ORIG FROGRAMS S. SAP
6

IN, ’ . ACOUSTIC FATIGUE
10) POO;%BQZAGE s

Figure 4.15-1., — Data flow diagram for Internal Loads
and Dynamic Charac*teristics.

4-161



LINE 1111111122222222333333334444444455555555
6666666677777777888888889999999900000000

1 FORCE
111
MOMENT
111
FORCE
22

MOMENT
222

FORCE
333

g AW N

11
11
1M1
111
11
222
11
222
111
333

1
1m
1
111
2
222
2
222
3
333

222
222
222
222
222

ANY MODIFICATIONS OR DELETIONS Y OR N

Figure 4.15-2. — Example tabulation of
force and moment cards.

4-162

m
11

22
222
333



({Blank Card

LABEL(0), Flexible Support-

Additional Stiffness

r,Blank Card

(’LABEL(g), Stability Tables §
Splice Joint Tables

A{,Blank Card

Constraints

_{,Blank Card

(,LABEL(S), Member DBata

‘ Blank Card

(,LABEL(4), Material Properties

((Blank Card

(,LABEL(6), .oad Data

Ar’LABEL(s), Deflection

or / " k d or
LABEL(7), { “lank Car EABEL(l),
ggzgggisd (’LABEL(S), Boundary Condition Bgzgg;;z &
Conditions Matrix Conditions

(,Blank Card

{,LABEL(Z), Geometry Matrix

Allowable Stress
Reduction Factors

(,Blank Card

Properties of Composite
Materials

(f;nitialization Card

(Front of deck)

Figure 4.15-3. — Construction of input deck.
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)

i
™

'}
74

Figure 4.15-4, - Member data card format.
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TABLE 4.15-1.

— STANDARD MATERIALS

Allowable Stresses

Material . Density Elastic Poisson's
Material s
Code no./in3 Medulus Ratio Tension Comp. Shear
1 Aluminum | 0.100 | 1.05 x 10’ 0.3 67,000 { 57,000 | 39,000
2 Steel 0.285 | 2.95 x 107 0.3 220,000 | 213,000 | 129,000
3 ritanium [ 0.160 | 160 x 107 0.3 130,000 | 127,000 | 76,000

10




4.16 LANDING FLIGHT CONDITIONS

The requirement to provide support in this area w's deleted by
the Structures Branch (ES2). Figure 4.16-1 is a data flow
diagram of the Landing Flight Conditions function.

2~ DN
USER
MODAL
FILE
CARD OR RETRIEVE
\ REQUIRED
TERMINAL DATA. FOR
INPUT
INPUT
77 W N
ERMINAL
ABULATION INPUT
AND FILE REPORT
GRAPHICS

NO L BAiTCH
A d

-——-ﬂ

SHUTTLE
TOUCHDOWN
| PROGRAM
|
|
|

——————-

————---'

TERMINAL
TABULATIONS

AND REPORT
GRAPHICS

Figure 4.16-1. ~ Data flow diagram for
Landing Flight Conditions.

‘2&3&; .
Op p VAL
ALrry 4-166



4.17 LIFTING SURFACE FLUTTER/UNSTEADY AERODYNAMIC FORCES

The Lifting Surface Flutter/Unsteady Aerodynamic Forces function
is divided into two subsystems. The first subsystem is the
Unsteady Aerodynamic Forces, which will generate a data file for
the second subsystem, the Lifting Surface Flutter. Figure 4.17-1
is a data flow diagram of this function.

4.17.1 UNSTEADY AERODYNAMIC FORCES

4.17.1.1 Purpose

This subsystem is needed in order to create the Unsteady Aero-
dynamic Input File. This file will contain all the data needed
by a series of batch programs to compute unsteady aerodynamic
forces and [{orce vrelated quantities.

Thes~ data will be output by the batch programs onto the Unsteady
Aerodynamic Output File. This subsystem will also produce ter-
minal tabulations and graphical displays of the data contained on
this output file.

These data are also required as input to several other ISAS func-
tions. For this purpose, the Unstcady Aerodynamic Forces sub-
system will reformat the data to three nutput files: the
Unsteady Flutter Generalized Forces File, the Unsteady Gust
Generalized Forces File, and the Static Aerodynamic Influence
Coefficients File.

4.17.1.2 Input

The data files required as input to this subsystem will be the
User Modal File and the Standard Atmosphere File. The descrip-
tions of these files can be found in the appendix of this docu-
ment. The user will have the capability to supplement or modify
any of the data obtained from thesec files.
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The user will also input by cards or at the remote terminal any
information needed by this subsystem to produce the desired
output. This information will include:

e Control grid points

e Mach number

e Altitude

e Set of reduced frequencies

e Format ID for tabulations and graphics

4.17.1.3 Processing

The processing to be performed by this subsystem will be divided
into four snbfunctions which are:

¢ Interpclate modal data tc aerodynamic control points
e Form Unsteady Aerodynamic Input File
e Display data from Unsteady Aerodynamic Output File

e Select and reformat output file

4.17.1.3.1 Interpolate Modal Data to Aerodynamic Ccatrol Points
(Subfunction 1)

This subfunction will interpolate the normal mode displacement

data obtained from the User Modal File to a set of aerodynamic
control points. The set of modes and grid points to be used in this
analysis will be selected from the User Modal File. For each mode
selected, the modal frequency and modal displacement data will

be retrieved from the file. The aerodynamic control point num-

bers and their coordinates will be input by cards or at the
terminals.

A three dimensional interpolation routine will be used to inter-

polate the modal displacenent data to the aerodynamic control
points. The interpolated  >dal displacement data along with the
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the mode numbers, aerodynamic control points, and modal frec-
quencies will be output on the Interpolated Control Point File.

4.17.1.3.2 Form Unsteady Aerodynamic Input File (Subiunction 2)

This subfunction will generate the Unsteady Aerodyaamic Input
File which will contain all the input data needed vy *he series
of batch programs to compute unsteady aerodynamic force. ~nd
force related quantities.

Modal frequencies and modal displacement data wiil be input from
the Interpolated Control Point File. Mach number, altitude, and
a sct of reduced frequencies will be input by cards or at the
remote terminal. The altitude will be used to retrieve air den-
s.ty from the Standard Atmosphere File. The vnits of air density
on this file will be kilograms per cubic meter. If different
units are required by the batch analysis programs, the user can
input the units desired and the subfunction will convert air
density to the desired units.

All of these data can be tabulated for user verification and
will be output on the Unsteady Aerodynamic Input File. Grarph-
displays of the modal displacement data will be required.

4.17.1.3.3 Display Data From Unsteady Aerodynamic OJutput File
{(Subfunction 3)

1ne Unstcady Aerodynamic Output File will .ontain all unsteady
aerodynamic forces and force related quantities output by the
series of unsteady aerodynamic batch programs. This subfunction
will produce tabulations and graphical output of the data con-
tained on this fijle.

Tabuiations will <onsist of displaying both the real and imagi-

nary parts of the following complex matrices: downwash dis ri-
bution, unsteady aerodynamic influence coefficients, aerodynamic
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pressure distribution, and unsteady aerodynamic generalized
forces. Tabulations will also be required of the area matrix.
Examples of these tabulations are given in figures 4.17-2 thr_ugh
4.17-6.

Graphical displays consisting of planform plots and chordwise
plots will be required for the downwash distribution, the aero-
dynamic pressure distribution, and the unsteady aerodynamic
generalized forces. For both types of plot, the user will have
the option of selecting the coordinate axis to be used in gener-
ating each display. The user will also have the option of dis-
playing both the real and imaginary components cn the same
display or on separate displays. An example of the chordwise
plot is given in figure 4.17-7.

4.17.1.3.4 Select and Reformat Qutput File (Subfunction 4)

This subfunction will reformat the data from the Unsteady Aero-
dynamic OQutput Fil_ to the format to be used by other ISAS func-
tions. The user will select which of the three output files
(Unsteady Flutter Gern .ralized Forces File, Unsteadv Gust Gener-
alized .rces File, or Static Aerodynamics Influence Ccefficient
File) is to be generated. A description of these files is given
in the appendix of this document. After the user selects the
output file, this subfunctio. will automatically reformat the
data to this file.

4.17.1.4 Jutput
Output fiom this subsystem will consist of the following data

files:
e Intcrpolated Convrci Point File
e Unsteady aerodynamic input File

» Unsteady A dynamic Output File
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@ Unsteady Flutter Generalized Forces File
e Unsteady Gust Generalized Forces File
e Static Aerodynamic Influence Coefficients File

/. description of these data files is given in the appendix of
this document.

In addition to these files, tabulations and graphical displays
of the data contained on these files will be output. This output
will be the same as described in the preceding sections.

4.17.2 LIFTING SURFACE FLUTTER

4.17.2.1 Purpose

The purpose of this subsystem is two-fold. First it will create
an input file containing all necessary data for the batch Flutter
Solution Program; the output from this batch program will be con-
tained on the Lifting Surface Flutter Output File. Secondly,
this subsystem will produce tabulations and graphical displays ot
the data contained on this file.

4.17.2.2 Input
The data files required as input to this subsystem are:
e NASTRAN Output-2 File

Imsteady Flutter Generalized Forces File

e User Modal File
e Interpolated Comtrol Point File

The descriptions of these files can be found in the appendix of
this document. The user will have the capability to supplement
or modify any of the data obtained from these files. Any addi-
tional data needed by this subsystem will b: input by cards or

at the remote terminal.
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4.17.2.3 Processing

The processing to be performed by this subsystem is divided into
two subfunctions, the Form Lifting Surface Flutter Input File and
the Display Data from Lifting Surface Flutter Output File.

4.17.2.3.1 Form Lifting Surface Flutter Input File (Sub-
function 1) ‘ '

This subfunction will generate the Lifting Surface Flutter Input
File which will contain all the input data needed by the batch
Flutter Solution Program. These input data will be retrieved
from several different files. Mass data will be retrieved from
the User Modal File. Stiffness data will be retrieved from the
NASTRAN Output-2 File. The unsteady generalized forces will be
retrieved from the Unsteady Flutter Generalized Forces File.
After these data have been retrieved, they can be tabulated for
user erification. They will then be output on the Lifting Sur-
face Flutter Input File.

4.17.2.3.2 Display Data From Lifting Surface Flutter Output File
(Subfunction 2)

The Lifting Surface Flutter Output File will contain all the
flutter solution data output by the batch Flutter Solution Pro-
gram. This subfunction will produce tabulations and graphlical
displays of the data contained on this file. These data will
consist of flutter solution data and flutter mode shape data.
The flutter solution data will include Mach number, altitude,
flutter velocity, flutter damping, flutter frequency, and reduced
frequency and should be tabulated according to the format given
in figure 4.17-8. The flutter mode shape data will include mode
number, grid points, and modal displacement and should be tabu-
lated according to the format given in figure 4.17-9.
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Five graphical displafs are required for data contained on this
file. Display 1 will be a plot of flutter velocity versus
flutter damping for a given Mach number and altitude. The
flutter velocity will be along the abscissa and the flutter
damping along the ordinate. The user will have the option of
specifying the units to be used for flutter velocity.

Display 2 will be a plot of flutter velocity versus flutter fre-
quency. The flutter frequency will be along the ordinate axis,
and the user will have the option of specifying the units for
both the velocity and frequency.

Display 3 will be a plot of Mach number versus dynamic pressure.
The Mach number will be along the abscissa and dynamic pressure
along the ordinate. The flight envelope and flutter limit will
also be plotted along the ordinate. The flight envelope will be
input by the user. The flutter limit will be equal to 1.32 times
the flight envelope. Dynamic pressure will be equal to one-half
the air density times the flutter velocity squared. The air den-
sity will be retrieved from the Lifting Surface Flutter Output
File, and the flutter velocity will be retrieved as follows.

For each Mach number on the file, tie flutter damping value of
zero will be located. At this point, the flutter velocity will
be retrieved. An example of this display is given in

figure 4.17-10.

Dispiays 4 and 5 will be displays of the flutter mode shapes.
Display 4 will be a fixed time point plot of the flutter modal
deformation. Display 5 will be a sinusoidal plot of the deforma-
tion. This plot will be the same as th2 modal movies required in
the NASTRAN Postprocessing function.
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4.17.2.4 OQutput

The only data files output by this subsystem will be the Lifting
Surface Flutter Input File and the Lifting Surface Flutter Output
File. Descriptions of these files are given in the appendix of
this document. The tabulations and graphical output from this
function are described in detail in the preceding discussion of
the processing required by each subfunction.
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UNSTEADY AERODYNAMIC FORCES

USER
FILE

PRIGINAL PAGE I3
OF POOR QUALITY
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INPUT FILE
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NAMIC
INPUT
FILE

TERMINAL
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COMPUTATIONAL
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FILE
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PFORCLS YORCES OOEFFICIINTS
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Figure 4.17-1. — Data flow diagram for Lifting Surface Flutter/
Unstcady Aerodynamic Forces.
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LIFTING SURFACE FLUTTER
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Figure 4.17-1. — Data flow diagram for Lifting Surface Flutter/
Unsteady Aerodynamic Forces (concluded).
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TITLE
MACH NO. ALTITUDE REDUCED FREQ.
CONTROL POINT DOWNWASH CONTROL POINT DOWNWASH
NUMBER REAL IMAGINARY NUMBER REAL
Figure 4.17-2. — Example of downwash distribution

DOWNWASH DISTRIBUTION

tabulation format.
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UNSTEADY AERODYNAMIC INFLUENCE COEFFICIENTS
TITLE

MACH NO. ALTITUDE REDUCED FREQ.
CONTROL POINT COLUMN NUMBER

CONTROL POINT COEFFICIENT CONTROL POINT COEFFICIENT
NUMBER REAL IMAGINARY NUMBER REAL IMAGINARY
Figure 4.17-3. — Example of unsteady aerodynamic influence

coefficients tabulation format.
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TITLE
MACH NO. ALTITUDE REDUCED FREQ.
CONTROL POINT PRESSURE CONTROL POINT PRESSURE
NUMBER REAL IMAGINARY NUMP™R REAL IMAGINARY
Figure 4.17-4. — Example of pressure distribution

PRESSURE DISTRIBUTION

tabulation format.
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GENERALIZED FORCES

TITLE
MACH NO. ALTITUDE REDUCED FREQ.
MODE NO.
CONTROL POINT GEN. FORCE CONTROL POINT GEN. FORCE
NUMBER REAL IMAGINARY NUMBER REAL IMAGINARY
Figure 4.17-5. - Example of generalized forces

tabulation format.
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AREA MATRIX
TITLE

MACH NO. ALTITUDE REDUCED FREQ.
CONTROL POINT COLUMN NO.

cONTROL POINT FORCE MOMENT  CONTROL POINT  FORCE  MOMENT
NUMBER TERM TERM NUMBER TERM TERM

Figure 4.17-6. — Example of area matrix tabulation format.
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81-¥

UNITS

TITLE
MACH NO o ALTITUDE —— REDUCED FREQ.

0 1.
X Y _
tw 2t 3 —
CW — CHORD WIDTH DOWNWASH DISTRIBUTION s REAL
S — SPAN —wswe IMAGINARY

Figure 4.17-7. — Example of chordwise plot.;




TITLE

ALTITUDE MACH NO. _

REDUCED RECIPROCAL

Figure 4.17-8. — Format for tabulation of flutter
solution data.
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TITLE

MACH NO. _ FLUTTER VELOCITY __
ALTITUDE FLUTTER FREQ. .
REDUCED FREQ. - FLUTTER DAMPING
MOPE NO.

SRID DISPLACEMENT GRID DISPLACEMENT

POINT  REAL IMAGINARY POINT  REAL [IMAGINARY

igure 4.17-9. — Example of flutter mode shape data.
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Figure 4.17-10. — Example of Mach number versus dynamic
pressure plot,



4.18 LOAD COEFFICIENT GENERATOR

4.18.1 PURPOSE

This function will provide the means of preparing the input data
for the Load Coefficient Generator Program and executing a demand
version of this program to output the Load Coefficient Data File.
The user will be aided in this preparation through menus, tabula-
tions, graphical displays, and data editing capabilities. This
function will also allow the user to create and/or edit FORTRAN
NAMELIST input for a batch run. The user will be able to desig-
nate the names of input and output files and to start the batch
program without exiting ISAS. Figure 4.18-1 is a data flow dia-
gram of the Load Coefficient Generator function.

4.18.2 INPUT

The following files may be required as input.
® User Model File

e User Modal File

e Model Weight File

e Running Weight File

The Mass/Grid/Modal File will be created and used in this func-
tion as discussed in the Load Coefficient Demand Calculation
section. Additionally, the batch Load Coefficient Generator P:o-
gram will require a NAMELIST data file which will be created and
edited in this function.

4.18.3 PROCESSING

The user will have the option of generating the Load Coefficient

Data File either by starting the batch Load Coefficient Generator
or cntirely through a demand process. These two methods are dis-
cussed separately.
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4.18.3.%f Preparing and Executing Batch Runs

If the user chooses the batch option, he will have the following
capabilities for preparing and starting the batch run:

1. The user will be able to creats and edit a card image NAME-
LIST data file (or update a previously created one) for input
to the batch program.

2. The user will be able to specify the following program input
by name: the User Modal File, the User Model File, and/or
the Model Weight File.

3. The user will be able to specifv a mass storage file as the
output Load Coefficient Data File.

4. The user will be able to start the batch run without exiting
ISAS.

4.18.3.2 Preparing and Executing Demand Runs

If the user chooses the demand option, he will first be asked if
the model will be input from “he User Modal File. If the answer
is yes, the User Modal File will be used to create the Mass/Grid/
Modal File. The user will input the User Modal File name and a
name for the Mass/Grid/Modal File, which will be created without
further user interaction. The User Modal File is assumed to con-
tain only one set of modes.

If the model will aot be input from the User Modal File, the user
will answer no and will create the Mass/Grid/Modal File using the
following procedures. The user will be asked if he wishes to
reduce the grid point representation of the substructures of the
User Model File. If so, the user will have the following cupa-
bilities for redefining the grid point representation of the
substructures:

1. The user will be able to graphically display and rotate the
model in order to ensure its accuracy and make judgements on
how to reduce it to a "beam model."
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The user will be able to superimpose the grid point number
upon the model generated by procedure 1.

The capability to display (in tabular form) the three-
dimensional coordinates of any specified grid point set will
be provided. The user will be able to define this set
through the keyboard or graphical entry.

When the user has defined and approved the set, the points
will automatically be defined as new grid points, whose coor-
dinates and ID will be put in either manually or graphically.

Next, the effective mass matrix will be calculated for each new
grid point as follows:

1.

A geometry matrix [G] will be developed for each point in
each set relative to the new grid point.

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0
[Gi] =

0 -A2 AY 1 0 0

AZ 0 -AX 0 1 0

-AY AX 0 0 9 1 i

where the A values will be the locations of the points
relative to the rew grid point.

The operation [G]i . [M]i . [G]z will be performed to
transform the contribution of each mass point in the set to
obtain the mass contribution of each point to the new grid
point. ([M] will come from the Model Weight File.) The
resulting matrices will be summed algebraically for each set.

At this point, a reduced model cn a new User Model File and an
associated mass matrix on a new Model Weight File should exist.
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However, if the !fodel Weight File is not available, the model
will simply be reduced by defining the new grids and the asso-
ciated sets that they represent and by retaining only these new
grid points and any old ones not specifically reduced. No new
Model Weight File will be output in this case.

4.18.3.3 Running Weights

4.1%.3.3.1 Running Weights File

This file is described in detail in the Model Keight File Gener-
ator section. However, a brief description here is aelpful.

This file will contain both lumped and distributed weight data
along three reference axes. It is assumed for loads coefficient
purposes that the reference axes will be made to coincide with
those used to calculate loads. If not, this must be corrected

in the Model Weight File Generator function before creating the
file. The user will be cautioned via a message on the screen
that this function assumes that the axes coincide. The following
is an example of what the file might contain for one axis.

l/ i
e Y

A B C D

The weight distribution will be identified completely on the file
by the Y-axis; points A, B, C, and D; and the running weights

Wl, WZ, and W3 . The lumped weights will be identified by their
magnitudes Lwl, LWZ, and st and their points of application
Xl, Yl, Zl’ etc.

4.18.3.3.2 Running Weights Calculation

The user will be asked if he wishes to have the loads coefficients
calculated from a Running Weight File. If not, this section is
skipped. Otherwise, the Running Weight File will be used to
create a Model Weight File as follows.
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First, the user will be asked to supply the name of the Running
Weight File and a name for the output Model Weight File. The
distribution will be displayed along the X-axis, and the user
will be asked to input breakpoints for integration purposes.
This procedure will be repeated for the Y- and Z-axes.

When integrating the running weights, the user will have the
option of including calculation of the mass moment of inertis.
If he chooses to include it, procedure 1 below is followed. If
not, procedure 2 is followed.

1. The program will first display a message stating that the
mass distribution of each segment is assumed to be a homo-
geneous right circular cylinder of radius R . Following
this message, a tabular listing of the segment numbers and
the breakpoints will be displayed, and the user will be
asked to input R for each segment.

Thus for each segment i of a particular axis (X, Y, or 2),
the dimensions of a right circular cylinder will be defined.
For example, when working on a distributed mass scgment
along the X-axis, the distribution will look like

The products of the integration will be a diagonal matrix
for cach segment defining the lumped weights and inertias.
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a. Distribution along X-axis (constant Y and Z)

MZx Y
Mlx T ;
Segmént 1 Segm?nt 2 Y M3x
1 i Segmfnt 3
X, X, Xg X,

The integration will be done such that the masses are
lumped at the breakpoints X;, X,, **+ ¥ 4 and mass
moments of inertia are calculated at these points.

The first step will be to calculate the mass of each
segment:

=
A

1 = M|Xe - Xy

i = MixlXie1 - X
The masses are to be distributed at the breakpoints as

follows:

M
= = i = 1
M My M, at breakpoint 1 5

(at coordinates Xl, Y, Z)

: M M
M, =M = M2 at breakpoint 2 = 3=t g

(at coordinates Xz, Y, 2)

M. M,
= = : .o i-1 i
M My Mz at breakpoint i =t 3

(at coordinates Xi, Y, Z)
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M
= = i 3 - 1
M_ =M Mz at last breakpoint i + 1 7=

X y
(at coordinates X. Y, Z)

i+l

The next step will be to calculate the moments of inertia
for one half of each segment about its end point:

MR
Ixx of 1/2 of segment i = o

The distribution of Ixx at each breakpoint will be:

. M R}
Ixx at breakpoint 1 = v

. _ 1 2
Ixx at breakpoint 2 = 7 * 3

. . 1
Ixx at breakpoint i = 7

1 at final breakpoint (i + 1) = Mi-lRi-l
XX P ——

I and I, of one half of segment i1 at its end point
will be:

M

I(lse i) = 1. (L seg i) = -1|3R? + (x -xz]
yy\Z €8 1, zz\Z S¢8 73R * (X541 i)

Therefore the distribution of Iyy and Izz at each break-

point will be:

= i = ’ll )
Iyy I, at breakpoint 1 Iyy(z seg 1
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I

Yy

I
b4 4

I

X - 1 1
Izz at breakpoint 2 = Iyy(f seg 1) + Iyy(f seg 2)

= Iz

yy - Yzz

at breakpoint i = Iyy(% seg i-l) + Iyy(% seg i)

at last breakpoint i + 1 = Iyy(% seg i)

The mass matrix for each resulting lumped mass will

be as follows:

L

I
XX

Yy

IZZ

(The form of this matrix will not change for the following

two cases.)

Distribution along Y-axis

Similar to the X-axis case, the first step will be to
calculate the mass of each segment:

My

My

= My |Y
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The masses are to be distributed at the breakpoints as

follows:
M
M = My =M, at breakpoint 1 = 7=
(at coordinates X, Yl’ Z)
M M
M, = My = Mz at breakpoint 2 = =+ 7
(at coordinates X, Yz, Z)
T
M, = My = MZ at breakpoint i = -t 3=
(at coordinates X, Yi’ Z)
. . Mi
Mx = My = MZ at last breakpoint i + 1 = >

(at coordinates X, Y.

j+1® 2

The next step will be to calculate the moments of inertia
for one half of each segment about its end point:

MR
Iyy of 1/2 segment i = T
Therefore, the distribution of Iyy at each breakpoint
will be:
. M R]
Iyy at breakpoint 1 = -
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. MR] | MaR;
Iyy at breakpoint 2 = 1 YT
2 2
M. ,R: M.R_
. .o _i-17i-1 11
Iyy at breakpoint i 7 *7
TRL
Iyy at last breakpoint i + 1 = —

L and I, of one half of segment i at its end point

will be:

I (—l-se i)=1 (lse i)=Mi[3R2+ Y -Y)Z
xx\2Z S¢8 2z\Z S€8 P i+l i

Therefore, the distribution of Ixx and Izz at each
breakpoint will be:

- int 1 -1 (1
Ixx = Izz at breakpoint 1 = Ixx(z seg 1)

- . - 1 1
Ixx Izz at breakpoint 2 Ixx(f seg 1) + Ixx(7 seg 2)

. . 1 . 1 .
=1 at breakpoint i = Ixx(f seg i - 1) + Ixx(f seg 1)

. o _ 1 .
Ixx Izz at last breakpoint i + 1 = Ixx(f seg 1)

Distribution along Z-axis

The procedure is identical to b except that all Y's and
Z's should be interchanged in the equations.
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2. Following a "no" reply to the question concerning mass
moments of inertia, the calculation of Mx’ My’ and Mz can
proceed directly as in procedure 1. Ixx’ Iyy’ and Izz will
be set to zero and the matrix will be set up as before with
the lumped weight iocated the same way as in procedure 1.

After these procedures for lumping the weights are completed,
a menu will ask tne user to input a factor to scale masses

and inertias with a default value of 1.0.

4.18.3.4 Mass/Grid/Modal File Creation

At this point, data from the Model Weight and User Model Files
will be reformatted into the Mass/Grid/Modal File. This file
could alsc be automatically created from a User Modal File in the
first step of demand processing if the user so chooses. In this
case, the modal portion of the Mass/Grid/Modal File will have
valid data entries.

The grid ID's from the Model Weight File will be stored under

the names NODES (see file contents page A-115). The corre-
sponding X, Y, and Z coordinates from the User Model File will

be stored under the name XYZ. The node description from the User
Model File will be stored under NAME. The IDXYZ array will be
constructed so that it consists of integers whose last digit will
be from 1 to 6, indicating the degrez of freedom represented by

a nonzero column in the associated individual mass matrix. The
leading digits will be the same as the node number. The IDXYZ
array will be in one-to-one correspondence with the nonzero
columns in the full mass matrix M which is now described.

The full mass matrix array M will be set up as follows. The
Model Weight File can be visualized as sets of 6 x 6 matrices,
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cne for each node, To form M , they will be arrenged in the
following manner:

First] —[6%6] ]
node .
: [6%6]
6xNNODES ",
6x6 ]+ Last
i [ ]- node

(This matrix could oe constructed from a User Modal File, in
which cace there might be off-diagonal elemeats.) At this point,
there will exist a full mass matrix M , whose columns are
identified by distinct IDXYZ elements and whose dimensions are
NDF x NDF , where NJUF 1is the number of degrees of freedom in
the mass model.

Since grid, mass, and modal data will be on different sources
(either User Model File and Model Weight File or User Modal File),
they should be colliected ~nto one file to be used in computing
loads coefficients. The file will contain:

1. NNODES — Number of node points in the model.

2. NDF — Total number of degrees of freedom in the model.
TITLE — Description of model.

NMODES — Number of modes copied from User Modal File.

w & w
. . .

NODES — Either the grid point number from the User Model File
and a corresponding grid ID from the Model Weight File or the
NODEID from the User Modal File.

6. NAME — Word description of each node.
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7. XYZ — The three Cartesian coordinates of each node obtained
from the User Model File or from the XMAT matrix on the User
Modal File.

8. 1IDXYZ - The ‘egrees-of-freedom ID numbers for each degree
of freedom. On the User Modal File, this is identified as
IDXYZ. (It must be set up in the Create Mass/Grid/Modal
File subfunction if the source of the mass data ic the
Model Weight File.)

9. M — Full mass matrix retrieved from the Model Weight File as
directed in the reformat subfunction or from the User Modal
File.

10. PHI - The modal matrix identified as such on the Yser Modiul
File.

4,18.3.5 Select and Edit Data Subfunction

This subfunction will enable the user tc edit only the Mass/Grid/
Modal File in order to specify which data are to »e used to cal-
culate the loads coefficients. The user will supply the Mass/
Grid/Modal File ..ame. This file will contain the complecte set

of masses to be used in the calculations, their respective 1D
numbers, and their Cartesian coordinates.

In editing, the display for each node will consist of the node
ID. Cartesian coordinates, node description, and a 6 x 6 mass
matrix. The user will have the option of editing the data seri-
ally or specifying a node ID. The user will be able to add,
delete. or change any of the foregoing data. The user will also
have the capability of naming a blank file and inputting the
entirec data set manually, but in general, the initial data will
come cither from the liser Model File and Model Weight File or
from the User Modal Fiie.
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4.18.3.6 Load Coefficient Demand Calculation

The first step in this subfunction will be to graphically display
the node point model and permit the user to input new stations by

specifying the coordinates. Next, the user will be asked if any

data are to be input via an external data element. If so, the

user will supply the name of the element on file. These data

could include all or part of the following:

1.

10.

Coordinates of the stations for which load coefficients will
be generated and their vehicle component identifiers.

Data defining which noces are to be included in the loads
coefficients calculations for each station

Flags denoting symmetric and asymmetric modes

A flag to cause a calculation of the center of gravity
location

Coordinates of the reference point

Coordinates of the forward and aft fittings for the calcula-
tion of link load coefficients

Data defining the node points to be used in calculating link
load coefficients

Data to group t“e node points of major components which are
to be linked together via the 1link logic

Drta specifying which modes are to be used in calculating
loads coefficients

Data specifying a rigid body diagonal mass matrix and corre-
sponding Cartesian coordinates

This subfunction will provide the capability of listing and

editing the preceding data.



Next, the user will be asked if any data are to be input from
the terminal. If so, the current coordinates and vebicle iden-
tifiers for the load stations (item 1 in the preceding list)
will be displayed and the user will decide to accept or change
them. The user will also be able to add more load stations at
this time.

The user will be asked to input data defining which nodes are
to be included in calculating load coefficients at each station

(item 2). Corresponding to load station i there should be an
array similar to the following:

LDNODE(1,i) = NODES NODES NODES

BEGIN1” END1°’ BEGIN2?

NODES NODES NODES

END2°® ~°° BEGINN’ ENDN °

Each pair of NODESBEGIN and NODESEND words will include all node
points from NODES
station i. The nodes will be read, without changing the order,

BEGIN to NODESEND in the calculaticns for load

from the NODEID array, which may not necessarily be in numerical
order. For example, if nodes 1, 17, 18, 22, and 6 are to be
included in the calculation of loads at station 3 and the NODEID
array is 2, 1, 3, 17, 18, 22, 5, 6, then LDNODE (1,3) should be
1, 1, 17, 22, 6, 6.

The menu for inputting the LDNODE array should print out the
coordinates of the station, the vehicle component, and the begin
and erd node ID pairs. The menu should then allow for additions
or modifications.

At this time the user must specify whether the current set of
nodes is symmetric, asymmetric, or complete. The user will
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thern be asked whether or not the vehicle's center of gravity is
to be ~~1lculated. Next, the user will be given the coordinates
of the :.ference point and the option to modify them. Likewise,
the cooradinates of the three forward and three aft fittings

will be displayed with the option to modify them. These coor-
dinates will correspond to the following attachment points.

1. Orbiter-external tank (ET)
2. Left solid rocket booster-external tank (SRB-ET)
3. Right SRB-ET

The next display will consist of the set of node points required
for calculation of loads at each of the three sets of fittings.

The array NODFIT will function in the same manner as the LDNODE
array. For example, the NODFIT array for the Orbiter-ET attach-
ment will be NODFIT(I,I)==NODESBEGIN1, NODESENDI’ ...NODESBEGINN’
NODESENDN ,» and for the left SRB-ET it will be NODFIT(1,2) =
NODES NODES +++ NODES

BEGIN1’ END1’ BEGINM’
will be able to accept, reject, modify, or add to these values

NODESBNDM . The user

with the aid of a menu specifying the node pairs (beginning and
ending) and the fitting number.

Primarily due to Space Shuttle requirements, logic must be
included in this function to allow calculation of load coeffi-
cients for separate bodies linked together as well as appendages
like wings and tails. Therefore, the next step will be to ask
for a data array (LOADID) specifying which body or appendage is
being calculated for each load. Currently, seven chcices will
exist.

1. Orbiter fuselage
2, Left wing

3. Right wing
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4. Vertical tail
5. External tank
6. Left solid rocket

7. Right solid rocket

This notation is for conveniencc and will be changeable for
other configurations. The LOADID array will be an array of
integers, one for each load station, e.g., LOADID = 1, 1, 1,
4, 4, 4, 2, 2, 3, 3, etc. The current values of the LOADID
array will be displayed, and the user will be able to accept,
modify, or add to them.

The next set ¢ data will be used te group the node points by
major COmL& which are linked together via the iink logic.
The node poi will be grouped by hundreds; foi example, node
ID's 200 to 29% ill be in the third group. The major components
will be the Orbiter, left solid rocket motor, right solid rocket
motor, and external tank. A menu will display the components

and their groups of node ID's and allow the user to accept or
modify them.

The next step will specify what modes are to be used in calcu-
lating the loads coefficients. This subfunction will be pro-
grammed to automatically bypass this step if there are no modes
on the Mass/Grid/Modal File. The user will be able to specify
that all modes are to be used; he may individually select them or
he may use the first N modes, where N is input by the user.

4.18.3.7 Load Coefficient Matrix Calculation

The following matrix calculations are to be performed. The first
matrix that will be calculated is called the geometry (G) matrix.
This matrix, when multiplied by the reference point acceleration,
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will give the acceleration ior cach degrec of freedom that cxists
in the model being analyzed. The G-matrix will have the following

appearance:
1 0 0 0 0 0 -
0 1 0 0 0 0
0 0 1l 0 0 0
c = [ 3 X ]
0 ZRI YlR 1 0 0
ZlR ] le ] 1 0
LYRI le 0 0 0 1
where
IR = X - X

The numerical subscript denotes the node number coordinate, and
the R denotes the reference point coordinate. The Y and 2
subscripts have similar definitions.

The G-matrix will be constructed only for those degrees of
freedom that exist in the math model being used, so all six
columns per node point may not exist for all node points. The
six columns shown above in the G-matrix correspond to the X, Y,
and Z trancslational and X, Y, and 7 rotational degrees of freedom.
The G-matrix is 6 x NDF.

Next, if the model is symmetric, the following operation will
be performed:

[G] = [MOD1] [G]
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where

[2.0]
0.0
2.0

[MOD1] =
0.0

2.0
0.0

If the model is asymmetric, the operation will be:
[6] = [MODZ] [G]

where

(0.0
2.0
0.0
[MOD2] =
2.0

0.0

2.0

The GTM matrix will be calculated:

(GTM] = [G] [M]

where M is the full mass matrix of size NDF x NDF.
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These two matrices are to be used to obtain the 6 x 6 vehicle
total mass and inertia matrix, as follows:

[RM] = [G] [GTM]T

At this point, if the user has set the appropriate flag, the
center of gravity will be calculated in the following manner:

[RM] = [RM] [CGFACT]
For SYM = f and ANTI = f,

RM(2,6)

]

Xee = i1yt e
+ _ RM(3,4

Yeg = ﬁﬁTf?Z} * Yeg

RM(1,5)

]
2ce = mM(3.3) * Lee

For SYM = T or ANTI = T,

+ _ _RM(5,3
Xcg ﬁﬁrffi} * Xeg

+ _ RM(4,3

Yoo = m(323) * Yeo
v RM(5,1

Zce T RN ¥ %ce
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where, if SYM = T and ANTI = F,

CGFACT =

If ANTI = T,

(0.0 |
1.0
0.0
CGFACT =
1.0

0.0

_}'QJ

If ANTI = SYM = F,

CGFACT =

L S
- - L[] L] L]
o o o o o o

L
1f the calculated center of gravity is not the same as the ref-
erence point, the reference point will be set equal to the
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center of gravity. Execution will then return to the first step,
where another G-matrix will be calculated and the process trepeated

with the new reference point. This step is to be repeated a
maximum of 10 time or the difference between the new and old cal-

culated CG location is less than 1.0E-8. The RM-matrix will then
be displayed and labeled as the Vehicle Total Mass Matrix.

Next, the multiplication of the full mass matrix by the modal
matrix will be performed:

[Mo] = [MI[¢]

The following calculations will be performed for each station
at which load coefficients are to be calculated.

The transformation matrix TR will be calculated as:

1 0 0 0o 0 0|
0 1 0 0o 0 o
0 0 1 0 0 0
Tg =
0 pp  Yp 1 00
oy O Xgp 0 1 0
T p—
where
Xpr = Xg - XL

XR - X-coordinate of the reference point

XL - X-coordinate of the load station

YRL and ZRL are defined in a similar manner.
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After calculating TR » the TEF-matrix will be generated:
[TEF] = [Tgl (6]

Next, the MTEF-matrix will be calculated, where
[MTEF] = -[TEF]

GL 1s a reduced version of the G-matrix, where only the columns
of the G-matrix that are to be included in calculating the loads
are transferred from the G-matrix into the GL-matrix. The MTEF-

metrix is a requi red output matrix.

The RBLC and EBLC matrices will be calculated as
[RBLC] = [TEF][GTM]?T
[EBLC] = [TEF]([M¢]

and are required output matrices. In addition to these three
matrices, load coefficients for the links that connect the
Orbiter to the tank, etc., must be calculated.

The link loads coefficientc will be calculated in the following
manner. For each lo:d station, the node ID number of the first
node point being used to calculate link loads coefficients at
that station will be checked to see which set of links is
involved. For example, if the node ID is in the 300's group and
the 300's group is assigned to the left SRB, the link set
involved will be that for the left SRB. This check mr.t be done
to know which fitting coordinates are to be compared against the
load stations. If the group is assigned to the tank, all three
sets of fittings must be checked.
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The results of this comparison of the X-coordinates will be one
of the following three cases:

1. The load station is forward of the forward fitting.
2. The load station is between the two fittings.

3. The load station is aft of the aft fitting.

The results of this test will determine which parts of the
LG-matrix (fig. 4.18-2) will be transferred to the LGA-matrix
for calculation of link coefficients.

The LGA-matrix will be a zero matrix of the same dimensions

(6 x 36) as the LG-matrix. If case 1 occurs, no part of LG
will be transferred to LGA. 1If case 2 occurs, the 6 x 6 matrix
representing the forward fitting of the component in question
will be transferred to the same place in LGA. If case 3 occurs,
both 6 x 6 matrices for the component will be transferred to
LGA. If the component is the tank, the load station position
will be compared separately with each of the three pairs of
fittings, and by the same rules, between zero and six of the

6 x 6 submatrices will be transferred to LGA. LGA will then be
multiplied as follows:

[LGA] = [LGA]([MOD]

where, 1f the model is symmetric,

[MOD] =

o O O O o



If the model is asymmetric,

[MOD] =

[ 38
L L] . L] .
o (=] (=] o (=] o

In the full case (i.e., model is neither symmetric or asymmetric),

-
1.0

1.0
1.0
[MOD]} =
1.0

1.0

Ll.O_

Next, the calculation
[LTEF] = [LGA][TR]

will be performed, where

1 0 0 o 0 0]
0 1 0 0 0 0
0 0 1 0 0 0
[TR] =
0 g Y O 0 0
Loy 0 Xy 0 1 0
R 0o 0 1
—
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where

RL R L

XR — X-coordinate of the reference point
XL — X-coordinate of the load station
Y

R? YL’ ZR’ and ZL are defined in a similar manner.

LTEF will be multiplied by -1 and referred to as the MLTEF-matrix.
This will complete the link loads coefficients calculations.

4.18.4 OUTPUT

Output files will consist of the following:
e Load Coefficieat Data File

® Mass/Grid/Modal File

® Load Coefficient NAMELIST Input Data File (for batch run
input)

Additional output will consist of terminal tabulations, graphical
displays, and menus, as described in the processing section. The
user will have the capability of producing a tabular display of
the data on the Load Coefficient Data File, whether crecated by
the batch program or the demand program.
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START

DEMAND NO
CALCULATION
YES
HoDAL ESempp| READ/WRITE
NO |
CARD OR DEFINE
TERMLJAL REDUCED fguiES REDUCE RUNNING
INPUT MODEL MODEL WEIGHT
: FILE
NO
COMPUTE
| MODEL
WEIGHT
FILE
NO
" carD OR
TERMINAL
F INPUT
SELECT AND
EDIT DATA
REFORMAT -
R * U
SET UP
NAMELIST
DATA INPUT
7~ CARD OR
TERMINAL LOAD
INPUT COFFFICILN
LOAD INPUT
COEFFI- DATA
CIENT FILE

CALCU-
LATION

BATCH LOADS

ORIGINAL PAGE IS CoRLRATOE
OF POOR QUALITY '

Figure 4.18-1. -- Data flow diagram for Load
Coefficient Generator.
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4.19 MATERIAL DATA FILE GENERATOR

4.19.1 PURPOSE

This function will allow a user to input, edit, and display
graphically a Material Data File. This file should be a central
repository of all material-dependent pfoperties, containing
curves and tables for selected materials. Figure 4.19-1 is a
data flow diagram for fhe Material Data File Generator.

4.19.2 INPUT

Two methods of input for this function should exist. Input
through a card reader in a batch mode of operation should be
avallable due to the large volume of curves and tabi2s that
might be required. However, direct input and editing will also
be available. Due to the size snd importance of this file, a
file manager should be in charge of updating the file contents;
the file should be secured and read only.

4.19.3 PROCESSING

A}

Regardless of the method of input, it will be necessary for

the user to input a title as the first input item for each curve
or table. Each title should consist of the material identifier
followed by a description of the input data, such as "aluminum
2024-T81 alpha vs. temperature.'" The program will check the file
table of contents for the title. If it is already in the table
of contents, then the user must specify a unique title or have
the original data deleted from the file. If the input title

is not found in the table of contents, it will be inserted in
correct alphanumeric order and the curve or table will be added
to the file. The material identifier should be input in the

same format for all entries under that material. For example,
all curves and tables for aluminum alloy 2024, heat treatment T81,
should have a title beginning "aluminum 2024-T81."
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When input is by cards or the keyboard, tabular data will be
input by rows, including fields for row and column labels. Curve
data will be input in terms of X and Y coordinates with a limit
of 100 data points. Several curves having common axes will be
allowed.

Curve input at the console can be accomplished by typing in X
and Y values or by using the light pen. To use the light pen,
a set of axes should be generated with limits set by ths uinr.
The light pen would then be used to select points on the curve.
These points will bpe connected by a series of straight lines to
form the curve.

The user should have the option of displaying oa the screen all
curve or tabular data stored on the file. To do this, he should
first be able to :display the table of contents or a portion of

it on the screen. Using table 4.19-1 as an example, all titles
would be listed if the entire table of contents is desired. The
user could then select a curve or table to be displayed by tyning
in the line number. The user should also have the capability of
displaying only a portion of the table of contents. For
instance, again using table 4.19-1, he could specify the material
"aluminum 2024" and have four titles printed. Alternately, he
could specify a metal alloy plus heat treatment number, '"aluminum
2024-T81," and have three titles printed.

Curve data can be displayed either as plots or tables. The user
should be able to edit both curves and tables by interactively
selecting items and inputting new values. With curves in plot
form, the user may also type in a parameter and have its corres-
ponding value computed by a linear interpolation routine and
displayed on the screen. Table 4.19-2 and figure 4.19-2 are
samples of types of tabular and curve data to be included in the
" Material Data File.
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4.19.4 OUTPUT

Output for this function will consist of graphical and tabular
displays at the remote terminal, hardcopy output of these dis-
plays, and a Material Data File. The Material Data File will
contain all properties (structural, thermal, etc.) that are
material dependent.
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Figure 4.19-1. — Data flow diagram for Material Data
File Generator.
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Percent of Room-Temperature Property

PROPERTIES VERSUS TEMPERATURE
BORON/EPOXY — [0] — LONGITUDINAL TENSION
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Temperature (°F)
where

FTU — Tensile ultimate strength

E — Tension modulus
u — Poisson's ratio
Figure 4.19-2, -- Sample of curve data.
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TABLE 4.19-1 — SAMPLE TABLE OF CONTENTS

MATERIAL DATA FILE

TABLE OF CONTENTS

Line Title
1 Aluminum 2024-T81 tab datu at r.t.
2 Aluminum 2024-T81 alpha vs. temperature
3 Aluminum 2024-T81 FTU vs. temperature
4 Aluminum 2024-T851 alpha vs. temperature
5 Aluminum 7075-T73 tab data at r.t.
6 Aluminum 7075-1." alpha vs. temperature

7 Boron-Aluminum tab data at r.t.




TABLE 4.19-2. — SAMPLE OF TABULAR DATA

Key Room-Temperature Properties
Boron/Aluminum — {0]

Vv =

f

Design Strengths Symbol Measurement
Longitudinal tensile ultimate F1U 160.0 ksi
Transverse tensile ultimate FTU 16.0 ksi
Longitudinal compression ultimate FCU 176.0 ksi
Transverse compression ultimate FCU 23.0 ksi
In-plane shear ultimate FSU 10.0 ksi
Interlaminar shear ultimate FISU 18.3 ksi
Ultimate longitudinal strain eTU 5,000.0 u in./in.

6,000.0
Ultimate transverse strain eTU 6,000.0 u in./in.
12,000.0

Elastic Properties Symbol Measurement
Longitudinal tension modulus E 34.0 msi
Transverse tension modulus E 20.0 msi
Longitudinal compression modulus EC 30.0 msi
Transverse compression modulus EC 19.0 msi
In-plane shear modulus 9.5 msi
Longitudinal Poisson's ratio 0.23
Transverse Poisson's ratio 0.17

Physical Constants Symbol Measurement
Density p 0.098 1bs/in.3
Longitudinal coefficient of o 3.2 yin./in./°F
thermal expansion
Transverse coefficient of o 10.6 u in./in/°F

thermal expansion
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4.20 MOTION PICTURE GENERATOR

4.20.1 PURPOSE

This function will consist of two separate subfunctions. The
first subfunction will provide the capability to have movie dis-
plays generated on the Adage CRT. Both two-dimensional and three-
dimensional images must be supported by the subfunction. The
second subfunction will generate SC-4060 microfilm of any display
shown on the Adage CRT. Figure 4,20-1 shows the data flow.

4.20.2 MOVIE SUBFUNCTION
4.20.2.1 Input

The input to this subfunction will be a mass storage data file
which describes the image for cach increment over the movie span.
No format of this file can be developed until the detailed design
of the subfunction has been started.

4.20.2.2 Processing

This subfunction will read the input file and generate a series

of images which correspond to the span increments. The period of
time that each image is displayed must be controllable by the
aser. The user will have the capability to speed up, slow down,
«vd frreze the apparent motion. The user must also have the capa-
L1itcs ro change the position, orientation, and size of the dis-
piaved image.

This subfunction will not provide any capability to edit the data
being displayed. This capability will be provided by the func-
tions which create the input file.

4.20.2.3 Output

The only output from this subfunction will be the two-dimensional
or three-dimensional movies described in the preceding sections.
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4,20.3 SC-4060 MICROFILM SUBFUNCTION

4.20.3.1 Input

The input to this subfunction will be a data file containing the
Adage display list of images shown on the Adage CRT. The file
will be created on the Adage graphics terminal 330 system.

4.20.3.2 Processing

Upon user command, this subfunction should capture the display
list of the images being exhibited on the Adage CRT. The lists
should be retained until the user has completed his activity.
Then they should be transmitted to the UNIVAC 1110, where they
will be output to the SC-4060 to obtain microfilm. If at all
possible, the microfilm images should be exact duplicates of the
images displayed on the Adage CRT. This subfunction should be

able to recreate all Adage displays, including the movie displays.

4.20.3.3 Output

The output from this subfunction will be SC-4060 microfilm of
Adage displays.
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Figure 4.20-1. — Data flow diagram for Motion

Picture Generator
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4.21 MODEL MATERIAL FILE GENERATOR

4.21.1 PURPOSE

This function will enable a user to select data from the Material
Data File, Temperature Data File, and User Model Fil: in order

to generate the Model Material File. These data will define
temperature-dependent material properties and allowables for

each element at a temperature which is input manually or is

an average calculated for that element with temperat: res from

the Temp.rature Data File. Nontemperature-dependent data can
also be included manually or selected from tables and curves
constructed from the Material Data File. Figure 4.21-1 is a

data flow diagram of the Model Material File Generator.

4.21.2 INPUT

The following files will be used as input to the function:
e User .iodel File

e Model Temperature File

e Material Data File

Each of these files is described in the appendix.

Input is also requiied through the remote terminal. Control
over the operation of this function will be exercised through
the remote terminal.

4.21.3 PROCESSING

The first step in this function will be to read the User Model
File and select the data to be displayed. Each element will
have a unique number, and the user will have the option of dis-
playing the element list,

4-224



Next, the Model Temperature File will be reac, and a display will
be generated for temperature at each node point. The tempera-
ture at each node of an element will then be averaged according
to the following formulas. This will be done fc¢ - all elements,
after which the results will be displayed for checking purposes.

If the element is
e CBAR, CONROD, CROD, CTORDRG, or CTUBE

T

e CTRBSC, CTRIAl, CTRIA2, CTRIARG, CTRMEM, or CTRPLT

T, + T
T, =L 2

avyg 3

+ T3

® CDUMi, CQDMEM, CQDPLT, CQUADi, CQUADZ, CSHEAR, CTRAPRG, or
CTWIST

T, + T,

avg 4

+ T3 + T4

® CWEDGE
T, + T2 «+ T, + T, + T5 + T

e CHEXAi

T, + T, + T, +T, + T, + T, + T, + T

where:

Ti — temperature at the node point

Tavg - element temperature



The user will then specify the material properties and allowables,
using data from the Material Data File. Those values which are
temperature dependent will be automatically selected from the
Material Data File by the program (by referencing the average
temperature calculated for the element being processed) unless
the user wishes to override and specify another temperature.

All data from the Material Data File, whether tabular or curve
data, will be display-selectable by the keyboard or by an inter-
active graphical device, such as a light pen. Additionally,
this program will provide for linear interpolation of the curve
data.

In the first step of this input, the user wili be asked for the
material comprising the fir t element. Next, he will be asked
to choose one of the following problem descriptions:

e Isotropic
e Anisotropic
® Orthotropic

Each choice requires a cpecific group of data for which values
will be either selected by the user from tables and curves or
manually input. The user will be guided in this selection by
menus. The user is not restricted to the data normally grouped
under the problem description he has chosen and can input man-
ually any extra data he wishes to enter into the Model Material
File. Table 4.21-1 shows the normal groupings of the data.
These groupings will determine the data for which the user will
specifically be asked, based on his choice of problem descrip-
tions. This input process will be repeated for each element.
Finally, displays will enable the user to check and hardcopy his
selections. When he is satisfied, the Model Material File will
be generated.
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4.2).4 OUTPUT

The output from this function will be of two major types, the
Model Material File and terminal displays. A description of thc
Model Material File is contained in the appendix of this document.
The detailed format of the file will be developed as part of the
functional design specifications. The displays will be developed
and presented as deccribed in the previous section and will con-
sist of tabulations and plots.
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USER MATERIAL
MODEL DATA
FILE FILE

FORM MODEL
MATERIAL
TEMPERA -
TURE FILE

CARD OR
TERMINAL
INPUT

MODEL
MATERIAL
FILE

Figure 4.21-1. — Data flow diagram for Model
Material File Generator.
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TABLE 4.21-1. — MATERIAL DATA REQUIRED VERSUS

PROBLEM DESCRIPTIONS

. . . . . NASTRAN Matcrial

Material Data Isotropic | Anisotropic | Orthotropic Card Name
Material ID number X X X MID
Young's modulus X E
Shear modulus X G
Poisson's ratio X NU
Mass density X X X RHO
Thermal expansion
coefficient X A
Thermal expansion
reference temperature X X X TREF, TO
Structural element
damping coefficient X X X GE
Tension stress limit X X ST
Compression stress limit X X sc
Shear stress limit X X SS
Thermal conductivity X X K
Thermal capacity
per unit volume X X cp
Material property matrix X Gij
Thermal expansion
coefficient vector X Ai
Young's moduli in X, Y,
and 2 X EX, kY, EZ
Poisson's ratios (XY, YZ,
ZX directions) X NUXY, NUYZ, NUZX
Shear moduli for XY, YZ,
and ZX X GXY, GYIZ, GIX
Thermal expansion
coefficients (3) X AX, AY, AZ

ORIGHV

OF p AT p

O0R 1028 1y
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4.22 MODEL TEMPERATURE FILE GENERATOR

4.22.1 PURPOSE

This function will be used to generate a data file containing
temperature values at each node point of the structural model.
Figure 4.22-1 is a data flow diagram of the Model Temperature
File Generator function.

4.22.2 INPUT

The major source of data for this function will be the Tempera-
ture Data File and the User Model File. The Temperature Data
File, which will be created by the Thermal Technology Branch of
the Structures and Mechanics Division, will contain a description
of the therral model ind t%- temperature at each node point of
the model. The thermal mod emperatures must be linearly
interpolated to the structural model grid points. The User Model
File will contain a complete description (node numbers and their
coordinates and element descriptions) of the structural model for

which temperature data are required.

A secondary source of data should be the remote terminal.
Through this device the user must be allowed tc input control
information and to manually input temperature 25,

4.22.3 PROCESSING

The Temperature Data File will contain data for numerous time
frames; the program must provide the capability to display a
tabulation of these times. The user will then select the times
required for his analysis. The program should allow for the
selection of individual times and/or selection of a span of time.
After the time frame has been selected, the program will perform
a linear interpolation to obtain temperatures at each structural
grid point on the User Model File. The user requires the capa-
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bility to manually select the thermal node points to be used in
the interpolation or to cause the program to select the thermal
node points.

4.22.4 OUTPUT

The primary output from this function will be the Model Tempera-
ture File. This file will contain the iderntification and tem-
perature of each structural grid point.

Secondary output will be tabulation and graphical displays from
the Model Temperature File, Temperature Data File, and User Model
File. The tabulaticn displays should contain grid point iden-
tification; X, Y, and Z coordinates; and temperature. The graph-
ical displays should present the geometry of either the thermal
model or the structural model. The program should also have the
capability to display the temperature on isotherms on the surface
of the model. The user requires the capability to edit the iso-
therms and to zoom into or out of the displayed image.
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Figure 4.22-1. — Data flow diagram for Model Temperature
File Generator.
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4.23 NASTRAN POSTPROCESSING

4.23.1 PURPOSE

This function will analyze the data obtained from a NASTRAN exe-
cution. It will use the NASTRAN Output-2 File to tabulate cer-
tain stresses, forces, and displacements and to compute several
load relationships. This function will also make use of the
NASTRAN to FRISBE Modal Tape Conversion Program (NASTO¥F) to create
a User Modal Tape which will supply all dynamic response programs
in ISAS with the data required for their analyses. Figure 4.23-1
is the function's data flow diagram.

4.23.2 INPUT
The input will consist of the following files:
e Body Loads Distribution File

e NASTRAN Output-2 File

The NASTRAN Output-2 File will be created in an execution of the
NASTRAN program. Input will also consist of data entered by the
user from the terminal.

4.23.3 PROCESSING

After execution of the NASTRAN program, the user should have
access to the NASTRAN Outout-2 File that can be used by this
function for postprocessing. The processing function will con-
sist ¢ four subfunctions. These are described as follows:

1. Use of the NASTOF program to convert the NASTRAN Output-2
File to the User Modal Tape

2. Access to the NASTRAN Output-2 File to perform a file search
to yield various results (find maximum forces, maximum
stresses, plots of displacement, free body diagrams, modal
movies, input files, etc.)
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3. Computation of internal to external load relationships

4. Calculation of internal loads

Visual displays or menus are to be provided which will lead the
user through the processing function. It should be possible for
the user to enter this function at the beginning of any of the
preceding four subfunctions (a choice made by menu selection).
The user should also be able to terminate processing and store
all created files at the end of each of the phases; i.e., the
user will not be constrained to cycle through the er.‘ire process.

4.23.3.1 Execution of NASTOF Program

The firct subf-mction of processing will be the execution of the
NASTOF program. This program will be used to convert the NASTRAN
Output-2 File to the User Modal Tape. The User Modal Tape will
then supply all dynamic response programs in ISAS with the data
required for their analyses.

The first input will be to identify the file r. £ the NASTRAN
Qutput-2 File. After this name is verified, th- t=rminal user
should be requested to input the required data to execute NASTOF.
The user should have the choice of entering a file name where
these data are stored or entering the data directly from the ter-
minal. This input should consist of title card; coordinate,
mass, and modal data conversion factors; and number of modes.
After the batch execution of NASTOF, the User Modal Tape will
exist on the tape named by the user.

4.23.3.2 File Search on NASTRAN Output-2 File

In the next processing subfunction, a demand program will be used
to perform a file search on the NASTRAN Output-2 File to yield
results selected from a provided menu. The program will address
the NASTRAN Output-2 File to retrieve, sort, calculate, and then
display the results. The user will be requested to enter from
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the terminal the file name of thc¢ NASTRAN Output-2 File to be
used as input. The data on the file should be filed by load case

number. Any data required to address the program and call up

the menu should be requested from the terminal and supplied by

the user. After the user has selected an option, there may be

additional input for that specific option.

The menu options will be as follows:

1.

Load cases can be searched for the maximum displacements

of some specified grid points in selected directions. The
load cases should be addressable by load case number; the
user will be requested to supply the needed data input. The
terminal display should be of tabular form containing the
load case numbers, grid points, and displacements of that
grid in ail three directions and the total magnitude of the
deflection of that grid.

An example of suitable display is:

TITLE*
MAXTMUM DISPLACEMENTS
LOAD GRID X Y z TOTAL DISPLACEMENT
CASE NO. (IN.) (IN.) (IN.) (IN.)
21 213
512
7012
9111
32 213
512
7012

91

The TITLE of the display should be the *itle on the NASTRAN
Output-2 File if available.

Load cases can be searched for maximum element forces within

"X" percent of the maximum value. For each type of element,
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the forces calculated can be unique; i.e., only axial and
torsional loads will be computed for a rod, while the shear
load and bending moments in two planes will be computed for
a bar. Thus, any type of element force comparison must be
restricted to similar types.

The user will be requested to supply the needed data input; a
display in tabular form should list element numbers and corce-
sponding loads meeting the chosen requirements. The display
title should be that of the NASTRAN Output File, and the sub-
title shonuld identify the specific option.

An example of a suitable display is:

TITLE
SUBTITLE
ROD AXIAL
ELEMENT NUMBER  LOAD (LB)
5001 115000.
6115 10351.
7228 10017.

Load cases can be searched for specified threshold forces

exceeding some input level. As in option 2, any type of
force comparison must be restricted to similar types. The
element types and force parameters to be searched must

be input along with case numbers of interest. A display

in tabular form with title and subtitle as in option 2

should 1ist case numbers and threshold forces. The threshold
value should also be displayed.

Load cases can be searched for forces of defined elements.
The terminal user must input the element type, element num-

bers, forces required, and case numbers. The display <houla
be the same as shown in option 2 with only the subtitle
change.
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Options 5, 6, and 7 correspond with options 2, 3, and 4 except
the processing will be on element stresses instead of element
forces.

5. Load cases wiil be searched for maximum element stresses and

2ll stresses within "X" percent of the maximum value.
p

6. Load cases will be searched for specified threshold stresses

exceeding some input level.

7. Load cases will be searched for stresses of defined elements.

8. Load cases can be chosen and displacements plotted. When

this option is selected, a’l plotting specification data
input by the user or tzken from the NASTRAN Output-2 File
should correspond with the NASTRAN structural plotting con-
trols but be limited to (1) set definition, (2) axes defini-
tion, (3) view angle definition, (4) maximum deformation,

(5) FIND card, and (6) PLOT card end the options that will be
available on each of these cards. The displays should be the
selected structural plots, appropriately labeled with title
and case number from the NASTRAN OQutput-2 File.

9. Load cases can be searched and free body diagrams plotted.

This option is currently available only when the section to
be cut is adjoined by the following clements: (1) rods,

(2) bars, (3) shear panels, and (4) triangular membranes.
The reason for this limitation is that element loads will
only be computed in level 15.5 or NASTRAN for rods, bars,
and shear panels. Although the grid loads for triangular
membranes will not be computed, it may sometimes be necessary
to include them in finite element modeling to simulate
irregular geomctries; therefore, it will be necessary to
include an approximation for the triangular membrane grid
forces in the free body calculations. The engincer-user
will have the responsibility of being certain that when this
option is selected, a proper cutting plane is defined such
that the preceding limitation is observed.
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An example of using this option follows,

A section of a finite model is to be analyzed in more detail
than is included in the structural element modeling. A three-
dimensional space should be defined to include the section
desired. The program should search the element data and find
all elements lying fully in this space. Some elements will
connect to grids in the space. These are to be removed, and
forces are to be calculated to apply to the grids to which
they are connected. The following substitutions will be made.

® Rod — The axial load along the rod axis and the torque
along the rod axis will be substituted.

e Bar — The axial load along the bar axis, the torque along
the bar axis, and the moments and the shear in two planes
at the appropriate end will be substituted.

e Shear panel — The appropriate corner forces to compute
total loads on grids in selected space will be substituted.

e Triangular membranes — The corner forces will not be avail-
able, so approximate values must be computed. Stress along
the appropriate direction will be multiplied by length and
thickness to obtain total force. This total force will be
divided ii: one-third and two-third proportions for corner

forces.

There should be at least two methods of defining the three-
dimensional space to be used in analyzing a section. The
first will be by entering the parameters Xl, XZ’ Yl’ YZ’ Zl’
and 22; the second by defining eight points in space by
coordinates Xi and Y1'

The capability to plot the structural elements that occupy
the selected space should exist, and force vectors with

magnitudes should be shown. The plots should be labeled
sufficiently.
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10.

11.

12.

13.

14,

SC-4020 language data tapes will be generated to be prc:essed

into modal movies on 16-millimeter movie film. The require-
ments of this capability arc detailed in another section of
this document.

Modal movies will be generated to be viewed at the Adage

user's console. The requirements of this capability are
detailed in another section of this document.

Application program input files can be generated. In this
option, the NASTRAN Sorted Data File should be created as an
application program input file. This option should provide

the user with a menu of possible application program input
files that can be generated; the file should te generated
according to the format of the file selected by the user
(described in the appendix). A [ile name should be supplied
by the user for storing the created file. Currently, only
one file will exist in this menu: the program input file to
Fatiguec Assessment processing.

Grid displacements to a finer model can be generated. This

option should be utilized to take the grid point displace-
ments tor a specified set of nodes and create a set of single
point constraint (SPC) card images to be input to a subse-
quent, though more detailed analysis. The user should input
the SPC identification number along with the set of grid
points desired. An option should exist to alter the grid
point numbers to correspond to the new model. The data
needed for processing should be accessed from the NASTRAN
Output-2 File by referencing case numbers. A file¢ name
shiould be supplied by the user for storing the crcated file.

Demand program input files can be generated. In this option,
the NASTRAN Sorted Data File should be created as a demand
program input file. This option should provide the user

with a menu of possible demand program input files that can
be generated, and based on the user's choice, the file -nould
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be generated according to the f.ile format (described in the
appendix). A file name should be supplied by the user for
storing the created file. Currently, only one file (NASTRAN
Sorted Data File) will exist in this menu. This file will
be used in the next demand program for computing internal-
to-external load relationships. The NASTRAN Sorted Data
File will be created by addressing the NASTRAN OQutput-2 File
by .ase number and retrieving thc element geometry and stress
data. Element stresses for at least six cases are required
for processing. These cases must match identically the body
load cases of the Body Loads File, which will be used in the
same program. The user will be . “le for verifying
that the cases are compatible.

15. NASTRAN contour plots will be yeneratc e viewed at the

Adage user's console. The optiun wil” ,ow the de. -gn engi-
nzer to immediately identify the critical design areas and
aid in the evaluatinon of the large anount of data generated
in a typical NASTRAN analysis. The user will be ublie to
select NASTRAN output data to be plotted, such as stresses,
displacements, and mode shapes for planform surfaces of the
structure. The user will be required to define the surface
tc be plotted by entering grid point sets and to select from
a menu the plot or plots to be made. Also, the user will be
required to select the loading condition for the plots.

This plotting option will cause the NASTRAN input data to
searched to determine the grid numbers and elements to be
included in the surface and tne NASTRAN output data to be
searched for the deflections, stresses, and mode shapes that
correspond to the grid numbers and elements.

After the selected options have been executed, the user should be

able to display the NASTRAN Sorted Data ' "le on “he terminal.
The type of data on the file will be dependent on the options
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selected. The file could contain input data for other demand or
aprlication programs or the requested terminal displays generated
by the subfunctions.

After viewing the NASTRAN Sorted Data File, the user should be
able to print out in page size (8 x 10-1/2 inches) tabular form
any alphanumeri..-type displays generated. After viewing a ter-
minal display cf the plots created by the demand program, the
user should be able to generate SC-4060 copies of any of these
plots.

Processing can te terminated at this point or continue to the
next subfunctic

4.23.3.3 Internal-to-Exte-nai Load Rela.ionship Computation

The next subfunction in processing is the execution of the demand
program to compute internal-to-external load relationships. When
beginning this phase, the terminal user should be requestea »
give the names of the input files — NASTRAN Sorted Data File and
Body Loads File. The NASTRAN Sorted Data File may be the file
just created or it may have been created during a previous post-
processing step.

The Body Loads File will contain the shear ferces and bending
moments about three axes as functions of defined body stations.
The data will be arranged by load station (defined by Cartesian
coordinates), followed by a component ioad breakdown of the shears
and moments.

As many as six lcad cases can be required, and since all the cases
of interest may not be on one file, tne user sanocu?’ be able to
enter severa! .ile ncmes for this file. The user snould also
supply the file name cf the output fi'e (Load Output File).
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After the file names have been verified, the terminal user should
be requested to supply the input data. The shears and bending
moments to be used in the run must be identified if all three
shears and all three moments are not to be considered. The con-
trol points of interest (in terms of Cartesian coordinates) must
be input for use in 1etrieving the appropriate data sets from

the Body Lcads File, and each element set that is associated
with each control poirt must be identified. This should be done
by assigning elementi types and numbers to each control point.

The demand program should then read the NASTRAN Sorted Data File
and Bcdy Loads File to retrieve the data to match the set of
load puvints of interest. Components should be summed to obtain
the total shears and moments at 4 station. The program should
calculate the relationships between the control point loads and
the set of element stresses as defined by the input (i.e., for
each contrcl point, there will exist some set of el >ments whose
stresses can be calculated by assuming the loading distribution
will change only slightly ior the input cases and, thus, will
allow a linear solution for the followiﬁg coefficients).

[L}J — load matrix at control point; 1i.e., Vx’ \' \' M M

y’ Z’
MZ

x, y’

[A] — coefficient matrix desired

[c] - element stress matrix

The diagonal matrix [L] can have maximum dimensions of 6 x 3.
However, if all the components of load at the control points of
interest are not to be considered, the matrix can be reduced to
some value N , such that 1 < N < 6 . The rectangular matrix
[A] will have dimensions N x M , with N defined as 1 < N < 6
arr1 M being dependent ¢ the type of ~lement (i.e., for a vrod,
M will have a value of 2 since two element stresses, axial and
torsioncl, wi'l be co.  uted by NASTRAN for rods). Each element
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type will have some specific set of stresses computed to define
the value of M . The rectangular matrix [o] will have dimen-
sions N x M as abcve. The computation of the [A] matrix will
require the inverse of the [L] matrix as indicated below.

L] - [Al = [o]
N x N N x M N xM

or

Al = (371 - (o)

Since there will be as many [o] matrices as elements associated
with a given control point and multiple control points will

exist, a number of [A] matrices must be calculated (the maximum
will be the total number of elements in the model). There will
be, however, only as many [MJ] matrices as control points selected;
consequently, these matrices can be used repeatedly to compute

the [A] matrices.

Executicn of this demand process will yield the Load Output
File. This file should contain the control pcint,, the
associated elenent sets, and the coefficient matrices relating
the eleme:t stresses to the control point loads.

Processing can be teiminated at this point or continue tc the

next subfunction.

4,23.3.1% Internal Loads Computation

The executio~ ~f the demand program to compute internal loads
will be the ;L processing subfunction. The user should .den-
tify the rame of the input Jile as the Load Jutput File just
created or created during a2 previous postprocessing step. Th-
input should cause selection of _he control points of interest
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with all associated elements in that set or some specified number
of elements 1n that set. An alternate method should allow the
user to input element types and numbers and have the program
select the appropriate coefficient matrices required from the
Load Output File. Then the values of shears and bending moments
at the control points of interest must be input for each case.

After the control points and their selected elements have been
input, the demand program will take the loads at those control
points and compute stresses for the elements of that set.
These stresses will be calculated as follows:

[o] = [L] - [A]

where the matrices are those described in the previous phase of
this section. Once stresses are computed for all control points
and all cases, the resulting stress data will be stored in a
temporary output file.

The temporary output file will not be saved after termination

of the run. It should contain the case numbers, control

points and applied loads, and element identifications ana
stresses. All this information should be available for terminal
displays. Displays should be in the form of tat.lations of the
input data and resulting computed stresses per case number and
element.

4.23.4 OUTPUT

The following files will be available as output:
® User Modal Tape

® NASTRAN Sorted Data File

¢ Load Output File
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These files are defined in the appendix. Tabular printouts of
all displays produced in the analysis of the NASTRAN Output-2
File will also be available.
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4.24 PANEL FLUTTER

4.24.1 PURPOSE

This function will consist of two subfunctions. The first sub-
function will provide the capability to prepare an input data
file for the batch Panel Flutter Program. After creating this
input file, the subtunction will output tabulations of the data
on the file to ensure it is made correctly. The second sub-
function will provide the capability of tabulating data from the
Panel Flutter Output File. Figure 4.24-1 is a data flow diagram
for Panel Flutter.

4.24.2 INPUT

aput to this function will be obtained from data input at the
terminal and from the data files listed below.

e Basic Data File

e Standard Atmosphere File

¢ User Model File

o Stiffness, Mass, and Modes File
e Panel Flutter Output File

Detailed descriptions of these filc> can be found in the appendix.
The user will have the capability to modify any of the data
obtained from the above files by the use of commands input at
the remote terminal.

Data input at the terminal will consist of control information,
grid point identifi.ation, grid point coordinates, element
definitions, and nodal constraints. This input will be discussed
in uetail in the following sec:ion.

4

> PROCESSING

1, «vnotion will consist of two subfunctions. The first sub-
i11 prepare the Pane” Flutter Input File to be used
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by the batch Panel Flutter Program. The second subfunction will
provide the capability for the user to examine the data con-
tained on the Panel Flutter Output File.

4.24.3.1 Panel Flutter Input File Preparation

The Panel Flutter Input File will be prepared primarily from
terminal input, with some data being retrieved from the Basic
Data File and the Standard Atmosphere File. At this time, the
NASTRAN Program does not have a bending plate element compatible
with the Panel Flutter Program formulation. Therefore, the
Stiffness, Mass, and Modes File (which is output by NASTRAN)

and the User Model File are not required at this time. When
NASTRAN is updated to contain the desired element formulation,
these two files will then be required.

Informaticn from the Basic Data File and the Standard Atmosphere
Fiie will be used in determining the Mach number, dynamic pres-
sure, and free-stream velocity. If a Basic Data File is avail-
able, the user will input the trajectory ID number and the flight
time at the terminal. Using these two pa:ameters, the Mach
number, dynamic pressure, and free-stream velocity will be
retrieved from the Basic Data File.

If 2 Basic Data File is not available, the Mach number (M) and
altitude will be input at the terminal. Using this altitude,
the air density (P and speed of sound (C) will be retrieved
from the Standard .mospheve File. The frée-stream velocity (V)
will be computed as follows:

V = MC
The dynamic pressure (q) will be computed as follows:

_ 1 2
q-7PaV
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After determining the Mach number, dynamic pressure, and free-
stream velocity, the following data will be input at the terminal:

e Plate thickness
e Poisson's ratio
e Young's modulus
e Mass density of plate

e Panel Flutter Program control options which are described
in the computer program documentation for Panel Flutter
Program (Program G131).

® 144-character title

¢ Grid point ID numbers

¢ Grid point coordinates

e Grid point external ID numbers
e Definition of clements

¢ Nodal constraints

After these data are input, they will be tabulated for user veri-
fication and then formatted and output on the Panel Flutter Input
File. The program will then recycle. ‘he user can create as
many files on the Panel Flutter Input File as he wishes.

4.24.3.2 Panel Flutter Output File Display

When this subfunction is selected, the user must input the name
of the file to be displayed. Each Panel Flutter Output File
can contain several files of data. Each file will be in the
same format so the program will have one display format for all
files. This display format should tabulate the following data
from each file:

e 144 -character title information

e Number of grid points
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e Smallest grid point ID

e Largest grid point ID

e Number of elements

e Grid point ID and grid point coordinates for each grid point
e Element nodes for each element

e First natural frequency of input panel

e Second natural frequency of input panel

e Calculated flutter frequency

e Calculated dynamic pressure at flutter frequency

4.24.4 OUTPUT

Output from this function will consist of the Panel Flutter Input
File, the Panel Flutter Output File, and tabulations of the data
contained on the Panel Flutter Input File and the Panel Flutter
Output File.
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4.25 POGO STABILITY

4.25.1 PURPOSE

This function will provide the demand capability to prepare data
files for input to the Propulsion System Model Characteristics
Program (PSMC) and the Stability Preprocessor Program (SPP).
Also included will be the ability to generate graphical and tab-
ular displays of data contained on the NASA POGO Stability Pro-
gram (NAPSAP) Output Data File and the Linear Systems Dynamics
Program Output File. Figure 4.25-1 is the data flow diagram for
POGO Stability.

4.25.2 INPUT

The input to this function will consist of the following:

@ The Feedline Modal Data File, (in User Modal File format), which
will be output by the NASTRAN-to-FRISBE Modal Tape Conversion
Program (NASTOF), is required when preparing the 3elected Feed-

line Data File.
e The User Modal File is required when preparing the Selected

Modal Data File for the Stability Preprocessor Program.

® The NAPSAP Output Data File is required for the generation of
tabular and graphical displays of its data.

e The Linear Systems Dynamics Program Output File is required
for the generation of tabular and graphical display of the
data contained in that file.

The interactive input capability of the remote terminal will be
used in conjunction with the preceding input methods.

4.25.3 PROCESSING

Processing rcquirements of this function can be separated into
two areas:

e Selection of modal data and creation of an input file for the

batch analysis programs
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® Generation of tabular and graphical displays from input/output
file. used by the demand function

In the selection of modal data, the user will be required to

identify the User Model File to be as input. After the file has been
assigned, the program will identify the data sets contained in

the file and will request the user to select the data set which

is required. The program will then display the title block from

the selected data set for validation.

At this point, the program will allow the user to display the
modal data, select the degrees of freedom, and select the format.
The user must be allowed to select the modes or degrees of freedom
either individually, in groups, or by indicating all.

After the selection has been made, the program will provide a
display of only the selected data. The modal data will be dis-
played using two tabular formats. The first tabular display will
contain data which describe each node. Figure 4.25-2 is an
example of this type of display. The second display (fig. 4.25-3)
will contain the mode versus frequency table. Each ta.!? will be
displayed a page at a time, and the user will control the advance-
ment. The user will hav the capability to terminate the display
at any time and sele anothe:r program option.

Another method for selecting modal data will be through the use
of modal gain. In this case, the user will select the modes and
degrees of freedom either individually, in groups, or by indi-
cating all, and the input file will be used to obtain PHI for
each selected mode. One of the following expressions will be
evaluated for each selected mode and degree of freedom.

PHI (I1)**2 ,

Modal gain = —_CTVTI_\?S_— \



Modal gain = PHI(I)*PHI{J)/GMASS (2)

where
PHI(I) — modal displacement of Ith selected degree of freedom

PHI(J) — modal displacement of selected reference degree of
freedom

GMASS - generalized mass

These computed values will be ordered in descending magnitude
and displayed for each degree of freedom. (If (1) is used,
PHI(J) = PHI(I).) Figure 4,25-4 is an example of this display.

The u. will also have the capability of ordering the mode
numbers by the number of occurrences and displaying them as
shown in figure 4.25-5. Additionally, the selected modal data
versus selected mode numbers are to be displayea as shown in
figure 4.25-6.

4.25.4 OUTPUT

Most of the output from this function is described in previous
sections. Additional output will cosnsist of tabulations and
vraphics. Figure 4.25-7 is an example of a frequency versus
damping display. The data for this display will be obtained
from files created by this function. The graphical displays
wili consist of plots of magnitude versus phase angle of the
eigenvectors with degrees of freedom numbers. Figure 4.25-8 is
an example of this display.
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NODE

N B W N -

MODE
NUMBE

O ~N W -~

X

270.00
327.84
346.00
375.50
378.09

R

NODE DEGREES
Y z DESCRIPTION/NAME OF FREEDOM
0.00 346.00 FUSELAGE ORB STA X=270.0 13
21.00 329.34 FWD LANDING GEAR — DRAG 13
0.00 371.00 ORBITER RCS TANKS C.G. 13
21.00 298.00 FWD LANDING GEAR — MAIN 13
0.00 353.20 FUSELAGE ORB STA X=378.0 13
Figure 4.25-2. — Node identification display.
FREQUENCY MODE FREQUENCY
RADS/SEC HZ NUMBER RADS/SEC HZ
14.994 2.3864 2 21.878 3.4821
27.328 4.3493 4 32.163 5.1188
42.356 6.7412 8 46.050 7.3291
48.606 7.7359 10 51.769 8.2292

Figure 4.25-3.
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FIRST -100 ORDERED MODAL GAINS, PHI(I)= 621, PHI(J)= 631

MODE GAIN MODE GAIN MODE GAIN
53 .331199-01 27 .671460-02 49 .638531-02
52 .556015-02 20 .500651-02 24 .374247-02
2 .164820-02 30 .141136-02 56 .136553-02
36 .918382-03 21 .753562-03 58 .721258-03
60 .689881-03 4 .657137-03 51 .649503-03
43 .567410-03 31 .541321-03 8 .387945-03

Figure 4.25-4. — Display of modal gain for
selected degree of freedom.

THE ORDERED MODE SAVE ARRAY ACCORDING TO
NUMBER OF OCCURANCES IS

MODE  OCCURRED MODE  OCCURRED MODE  OCCURRED
8 3 6 3 2 3
9 3 5 3 1 2
3 2 10 1 4 1
Figure 4.25-5. — Display of ordered mode save

array according to number of occurrences.
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SELECTED MODAL DATA
FOR MODE NUMBER 1

FREQ IN RADS/SEC FREQ IN HZ
12.387 1.971
DOF PHI DOF PHI
631 -.17/590733+01 623 .29012012+01
641 -.14110537+01 643 .31095724+01

Figure 4.25-6. — Display of selected modal data.

103074 ,LOFF,NO ACCUM,GLP=5.0,2 HZ MODE RUN 15

FREQUENCY FREQUENCY DAMPING

(RADS/SEC) ' (HZ) (PERCENT CRITICAL)
14.794 2.3545 .80358
17.838 2.8390 23.43909
54.558 8.6832 6.77594
69.625 11.0812 .98263
93.213 14.8353 3.10567
121.364 19.3157 18.59779

Figure 4.25-7. — Frequency versus damping display.
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L75 FREQ= 17.773 HZ, DAMP= 1.0239

90.0

135.00 /_ 45.0

360.00

225.00
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0.0 0.2 0.4 0.6 0.8 1.0

MAGNITUDE (RMAX = ,200000-07)

Figure 4,25-8. — Eigenvector display.
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4.26 PROPERTIES AND ALLOWABLES

4.26.1 PURPOSE

This function will provide section properties and allowables data
for the stress analysis of stiffened panels and built-up beams.

A file of section properties will be created and will be avail-
able for use by other ISAS functions and batch programs.

Figure 4.26-1 is a data flow diag.am of the Properties and
Allowables function.

4.26.2 INPUT

The input data required by this function can be obtained from
the Basic Structural Dimensions File, Model Material File, and
manual input. The Basic Structural Dimensions File will contain
the section dimensions and element properties of the model
generated by the user. The format and description of the file
is contained in the appendix. The Model Material File will con-
tain model material properties that will be generated by the
user from the User Model File, Model Temper-ture File, and the
Material Data File.

The input information required for this function will be in terms
of the coordinates of the stations within the modeled regions
versus the material properties. In generul, the only information
needed will be the material compressive modulus, material ten-
sile ultimate stress, Poisson's ratio, material compressive yield
stress, and material shear stress allowable at the design tempera-
ture. The manual input capability must allcw for the input or
modification of any of these data.

4.26.3 PROCESSING

For each station, the program will obtain the station coordinates
(X, Y, and Z) and the geometry parameters (b, t, R, ¢) from the
Basic Structural Dimensions File. The Model Material File will
then be used as input to retrieve the material compressive
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modvlus, material tensile ultimate stress, Poisson's ratio (u),
material compressive yield stress, and material shear stress for
each station. The data from the two files will be correlated
using the station coordinates.

In addition to the information above, there is a requirement for
the material secant and tangent moduli to calculate the plastic-
ity correction factors for each station. Most likely these data
will not be available from the Model Material File for the design
temperature being considered. Therefore, an option will allow
the user to input the required parameters if the plasticity cor-
rection factor is to be considered in any buckling equations.

The data required for input will be the Ramberg-0Osgood parameters
which can be used to represent the material compressive stress-
strain curve in mathematical terms. The user will have the option
of inputting one of two sets of data. The first set will be the
parameters for the curve shape factor n (one value) and the
curve secant yield stress F0.7 . The second set will be the
information from the material compressive stress-strain curve

that can be used to calculate the Ramberg-0Osgood parameters. This
data will be the 0.20 and the 0.05-percent offset stresses FO.ZO
and FO.OS from the curve. If the second set of data is given,

the function will be required to calculate the parameters from

the following relations:

n = lnF4
n ( 0.20)
Fo.05
1
) I:o.z)t“'ﬂ
Fo.7 = Fg.2 \214.3 ¢

where E 1is compressive modulus.
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All this data must be saved by station number and output into

the Interim Properties and Allowables File. The program must
provide the capability to tabulate all of the data contained in
the Interim Properties and Allowables File. An example of the
tabulation format is shown in figure 4.26-2. The user must have
the capability to edit all data displayed in the tabulations and,
thereby, update the file. )

After the Interim Properties and Allowables File has been com-
pleted and accepted, the user should be asked if he wants to
compute section allowables. If he specifies no, this should
cause the program to transfer and prepare section properties (see
section 4.26.3.4). A yes choice should cause the program to pro-
ceed and calculate local buckling allowables. Regardless of the
path selected, the data generated plus the data from the Interim
Properties and Allowables File will be output onto the Section
Properties and Allowables File.

4.26.3.1 Local Buckling

This part of the program will calculate the section's local
buckling allowable for each station. Due to the diffeient data
types, user input will direct the program to the proper local
buckling calculation. In the event a free form configuration is
used, the program will display the data for each station before
that station is processed, and the user will identify each param-
eter. For all configurations or stiffened panels (configuration
ID's 1 to 15), the program will use the procedure described in
section 4.26.3.1.1 to determine local buckling allowables. The
procedure described in section 4.26.3.1.2 will be used for beam
configurations. In each of these procedur s, user's choice will
exist for the calculation of the local buckling equation using
the plasticity correction factor. The user may want to ignore
this factor for the calculations; for this case, the value of n
should be a constant 1.0,
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4.26.3.1.1 Stiffened Panels

The following basic buckling expression will be used for stif-
fened panels with configuration ID's 1 through 14.

2
anﬂ E [t 2
12(1 - u™)
where
FC - local buckling stress
n — plasticity correction factor
u — Poisson's ratio
E — material compressive modulus (Young's modulus)
b, t — geometry parameters from Interim Properties and Allowables
File
K —~ compressive buckling coefficient (see fig. 4.26-3)

For the semicircle corrugation semisandwich configuration (con-
figuration ID 15), the following equation will be used to calcu-
late local buckling.

K_En
C t
FC = —S——(§)

\h(l - u’)
where
n - plasticity correction factor (circle)
R — radius from Interim Properties and Allowables File

K. - compressive buckling coefficient (see fig. 4.26-6, page 4-294)
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Each pair of the section parameters b and t will represent an
element of a station. The program will calculate a value for
local buckling for each element. Table 4.26-1 shows the required
calculations for each configuration and the identification of
reference curves. For each calculation, the user will supply
either the element aspect ratio a/b or the panel or element
length a . If the panel or element length a is input, the
program will calculate the element aspect ratio a/b wusing the
value of b from the Interim Properties and Allowables File.

Both buckling equations will contain a plasticity correcting
factor n or n . For the first calculation of the element
buckling stress, the program will assume that the values of

nand n are 1.0. If the results of the calculation are less

than the material compressive yield stress, then the assumption

is correct. However, if the results are higher than the material
compressive yield stress, an iteration procedure must be performed
to determine the correct value of n and n . This procedure is
given below.

1. The upper stress is assumed to be 20 percent high. . than the
material compressive yield stress. This stress is used as
the assumed stress for the following calculations.

2. The modulus ratios will be calculated from the following
relationship. '

1
Y
1 +
()

o

)|

1 am (=)
+ 7
Ee | (‘0.7)

Eg F \r1
1 + (3/7) (n) (FO_;)
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where

Es — material secant modulus

E — material compressive modulus

Et — material tangent modulus

F — assumed stress

n — curve shape factor (from previous input or calculation)

FO 7 = curve secant stress

The nonlinear Poisson's ratio will be calculated from the
relation:

ES
u, = 0.5 - {FZ)os -

where

p — elastic Poisson's ratio

The plasticity reduction factor will be calculated from one

of the following relations. For rectangular elements:

1/2
E 2 3B
n = (—i) 1’“2) 0.5+o.25(1+E——'°-)
1-
u

[
P
For circular elements:
1

n = NS E \A-11)172
([ om(E=) | omfes)

This value will be substituted for n or n in the proper
buckling equation, and the buckli.; stress will be
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recalculated. The calculated stress will be compared with
the assumed stress.

a. If the results are within 0.1 percent or less of the
assumed value, then the assumed stress will become the
element local buckling stress. This value for the
element will be stored for later use.

b. 1f the calculated stress is higher than the assumed
stress, then the assumed stress will become the lower
bound stress, and the stress calculated for n = 1.0
will become the upper bound stress. The actual buckling
stress will lie between these two bounds.

c. If the calculated stress is lower *than the assumed
stress, then the assumed stress will become the upper
stress, and the material compressive yield stress will
become the lower bound stress.

Once the upper and lower bound stresses are established, the
next step will be to average the difference between the two
and &dd this to the lower bound stress. This stress will
then become the assumed stress for the next iteration.

The calculations of steps 2 through 5 will be performed, and
the following tests will be performed.

a. If the difference between the assumed and calculated
stress is within 0.1 percent or less of the assumed
value, then the assumed value will be the local buckling
stress for the element.

b. If the calculated stress is lower than the assumed stress,
then the assumed stress will become the new lower bound
stress.

Steps 6 and 7 will be repeated until the convergence test
of step 7a is satisfied.
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The program will perform each of the calculations shown in the
columns of table 4.26-1 for the selected panel configuration and
save these data for the stress calculations to be performed

later. When the last calculation has been completed, the program

will compare the stiffener subelement stresses 'nd select the
iowest absolute value as the local buckling stress for the sta-

tion. The selected value will be saved and output on the Section

Propertiecs and Allowables File. The stiifener element strecsses
for each clcment of the station will also be saved for later use
in the crippling calculations.

4.26.3.1.2 Beam Sections

The local buckling expression for beam .sections will be:

FC. anan (tl)z
1950 - 25 oy
where
FCi - element local buckling siress
Kc — compressive buckling coefficient
n — plasticity correction factor
E — material compressive modulus
t., b.1 - geometry parameters
U — Poisson's ratio

The program will retrieve the data contained on the Interim

Prc ~rties and Ailowables File and start the calculations with
region 1, station 1. The progrum will use the elem~iat geometry
terms, starting with b1 and ty and calculate the buckling
stress FCi for each sube¢ °ment. The user will be required t
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furnish the buckling coefficients KC for each subeleaent and
the edge conditions. The users choice for these conditions may
be made from table 4.26-2 or figure 4.26-3. These calculations
need be performed for only one beam axis.

The plasticity correction factor n will have the value of 1.0
for the first calculation of each subelement. If the resulting
stress calculation for the subelement is less than the material
compressive yield stress, then the assumption that n is equal
to 1.0 will be correct, and the local buckling stress for the
subelement will be stored for later use. If the resulting stress
calculation is greater than the material compressive yield stress,
then an iterative procedure will be required to find the correct
value of n . This procedure will be the same as for the flat
rectangular elements (configurations 1 through 14) of the stif-
fened panel concept. »

After the last subelement calculation has been completed, the
rrogram will store these local buckling values for later calcu-
lations and compare them with each other. The lowest absolute
value will be the local buckling stress for the section. This
value will be stored in the Section Properties and Allowables
File.

4.26.3.2 Crippling Allowable

This subfunction will allcw the user to cause the program to
calculate the crippling allowables for each station. The program
will be interactive and allow the user to control the flow of
calculations and to select what data will be input manually.

4,26.3.2.1 Stiffened Panel

The local buckling stress FCi for each element of the stiffened
panel will be calculated as shown in the previous section. Each
configuration of the stiffened panel will require a different
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equation to calculate crippling stress, and for convenience,
these equations are shown in table 4.26-3. These equations
should be programmed so that the user can modify any value.
The calculated values will be saved and output on the Section
Properties and Allowables File.

4.26.3.2.2 Beam Sections

It is imperative that the correct local buckling stress be
coupied with the subelement geometry parameters b and t
Therefore, the user must have the ability to monitor the progran
as well as make any corrections that might be required. The
equation to be used while calculatiﬁg crippling allowables for

beams is:

N

Pec - 1Tk

2.0t

i=1
where
N — the number of subelements at a station
FCi — element local buckling stress
bi’ t, -- geometry parameters
FCC ~ crippling allowable

4.26.3.3 Shear Buckling Allowables

This subfunction is required to calculate the panel shear
buckling allowable. This calculation is similar to that described
in section 4.26.3.1.1 in that the user will be required to supply
the panel shear buckling coefficient K_ to complete the calcu-

S
lation. The basic shear expression follows.
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nKSHZE‘ t 2
FS b

) 12(1 - uz)
where
FS — material shear allowable
n — plasticity correction factor .
Ks — shear buckling coefficient
E — material compressive modulus

t, b — geometry parameters

n — Poisson's ratio

Also, the user should have the ability to control the calculations
for cases where the plasticity correction factor n is not to
be considered (therefore, n = 1.0). '

The parameters required for this calculation will be obtained
frov. the Interim Properties and Allowables File with the excep-
tion of the shear buckling coefficient K and the plasticity
correction factor n . The shear buckling coefficient is a func-
tion of the panel length and panel edge conditions which will be
supplied by the user. Table 4.26-4 shows the shear buckling
coefficient to be used with plates that have an aspect ratio a/b
greater than 5.0. Figure 4.26-7 shows the shear buckling c¢ ffi-
cient to be used with plates that have an aspect ratio less than
or equal to 5.0. 1In general, it will be assumed that the boundary
conditions used for design will almost always have all edges
simply supported, and the panel aspect ratio will almost always
be greater than 5.0. For these cases, the shear buckling coeffi-
cient will be assumed to be constant at 5.35. Table 5.26-5 shows
the panel geometry parameters that will be required for each of
the configurations. As noted in table 4.26-5, some configura-
tions will require more than one calculation.

4-270



The shearing stress calculation will be first made by assuming
that the plasticity correction factor n = 1.0 . If the calcu-
lated stress is less than the material shear allowable from the
Interim Properties and Allowables File, then the assumption is
correct, and the calcuiated stress will be the shear buckling
allowable for the element. If the esults are higher than the
material shear allowable, then an iterative procedure must be
performed to determine the correct value of the plasticity cor-
vection factor n . This procedure is given below.

1. The calculated stress (for n = 1.0) is assumed to be the
upper bound stress, and the material shear allowable is
assumed to be the lower bound stress. The actual shear
buckling allowable stress will lie between these two limits.

2. The difference between the upper and lower bound stresses
will be averaged, and this difference will be added to the
lower bound stress. This stress will be the assumed stress
for the first iteration.

3. The modulus ratio will be calculated:

tn

S = 1
E F n-1
1+ (3/7)(1,——)
0.7
where
Es — material secant modulus
E — material compressive modulus
F — assumed stress

Fo 7 = curve secant stress

4. The nonlinear Poisson's ratio will be calculated from the
relation shown on the following page.
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where
u — elastic Poisson's ratio

The plasticity reduction factor will be calculated from the
relation: '

n =§§ _(1 - ¥

(- )

This value will be substituted for the plasticity correction
factor in the buckling equation, and the new buckling stress
will be calculated. The new stress will be compared with
the assuvmed stress.

a. If the result is 0.1 percent or less of the assumed
value, then the ~ssumed stress will become the element
shear buckling stress. This value will be stored for
later use.

b. 1Ir the vralculated stress is lower than the assumed stress,

taen the assumed stress will become the upper bound
stress, and the maturial shear allowable will become

the lower bound :-.ress. The actual buckling stress will
lie between *: >se two bounds.

c. If the cz_culated stress is higher than the assumed
stress then the assumed stress will become the lower

bour stress, and the stress calculated for n = 1.0 will

w.11 become the pper bound stress. The actual buckling
stress will lie between these two bounds.

Once the upper and lower bound stresses are defined, the
ncxi step will be to average the difference between the two
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and add this average to the lower bound stress. This stress
will then become the assumed stress for the next iteration.

8. The calculations for steps 3 through 6 will be pe-formed:
next, the following tests will be performed.

a. If the difference between the assumed and calculated
stress is 0.1 percent or less of the assumed value, then
the assumed value will be the shear buckling stress for
the element. '

b. If the calculated stress is lower than the assumed stress,
then the assumed stress will become the new upper bound
stress. '

c. If the calculated stress is higher than the assumed
stress, then the assumed stress will become the new lower
bound stress.

9. Steps 7 and 8 will be repeated until the convergence test of
step 8a is satisfied. When all the calculations for the
chosen panel configuration are completed, the program will
compare these shear buckling stresses with the material shear
allowable. The lowest absolute value of this comparison
will be the shear buckling allowable for the station.

4.26.3.4 LGlement Section Properties

4.26.3.4.1 Stiffened Panels

For the stiffened panel concept, the section properties to be
calculated will be the panel equivalent thickness t and the
panel radius of gyration Pg - In order to make these calcula-
tions, the user will again need to designate which panel config-
Jaration is to be analyzed. Each configuration will have a set
of parameters that the program will have to calculate from

the panel geometry defined in the Interim Properties and
Allowables File. Table 4.26-6 shows the additional parameters
required for the section properties calculation. The basic
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equations to be used by the program to calculate the section
properties are as follows.

b, t,
B2 1/2
- tso Y™ a
trEr,,y o gt P\

wvhere a, B, and y are section properties and defined in Table 4.26-6.

4.26.3.4.2 Built-Up Beams

For the built-up beam concept, the program will interact with the
user for coordination of the input data. The basic section prop-
erties to be calculated for the built-up beam will be the cross-
sectional area, the centroid location, the moment of inertia about
the beam axis, the radii of gyration about the beam axis, the -
polar moment of inertia, the torsional constant for the station, ;J)
and the shear areas of the station. The beam geometry data will

be brought into the program from the Interim Properties and Allow-
ables File which will keep the data for each axis system separate.
Starting with region 1, station 1, the program will then calculate
the data required for each element. A sample beam calculation is
shown in figure 4.26-8. Procedures for these calculations will

be as follows.

1. Subelement area:

2. Area first moment of inertia:

Aicli and A.C,1
where
i — element number

C — vector distance from reference axis to centroid of element
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6.

!

Area second moment of incetina:

2
i1i and AiC2i
Subelement moment of inertia about its own subelement axis.
The user will have control at this point to .elect the cor-
rect subelement dimensions for the correct axis system. The
basic equation to be solved is:

(element base length)i (element height)f
1o and Iy = 12.0

Subelement moment of inertia about the reference axis
(axes 1 and 2):

) 2
L = T * M0y
I,. = I,. + A,C2

2i = Iz0 * A4

Subelement areas, first moments of inertia, and moments
of inertia about the refercnce axis summed:

i
>
;

N N
Z A;Cys and Z A;Cyy
i=1 i=1

N N
2: I and z: I,:
i=1 i=1
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The program will then be required to calculate the following
section properties. '

1. Centroid of the station from the reference axis:

N ~ N
_21 A5 Z:l AiCas
C 1= i=

1 TN and C =

ZAi ZAi

i=1 i=1
where
Ai -~ subelement area
Cy;» Cy; — centroid of elements
N — number of subelements

2. Section moment of inertia about the neutral axis:

N , N

I1na = Z L - t-1 Z A
i=1 i=1

Iona = Z Iy - G Z Ay
i=1 i=]

3. Radius of gyration about the neutral axis:

ST by e
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4. Polar moment of inertia for the section:

I =1

12 = Tina * I2na

5. Each subelement aspect ratio for the szction torsional
constant:

[92]
L}
| o
=1 H fasde

6. Each subelement torsion factor .Bi will be determined from
figure 4.26-9.

7. Subelement torsional constant:

- 3

8. The subelement torsional constants summed:

N

J = 2: Jy

i=1

Steps 5 through 8 will only need to be calculated using data
for one of the reference axis.

The following method to determine the section area factors for
shear will only be an approximatc method due to the idealization
of the section into rectangular subelements. The user will
interact with the program to select the subelements containing
shear.

1. From a list of subelements for a station, the user will
select the elements that will resist shear with respect to
the section axis system.
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2. The selected subelement areas for shear will be gathered and

summed.
N N
A = 2 Alg and/or Ay = 2 Ays
i=1 isl

3. The area factors will be determined from the ratio of the
subelement shear areas and the total section area.

A
Kl = —%i and/or KZ = 2

4.26.3.5 Column Allowables

The program must provide the user the option of continuing with
the subfunction or returning to the ISAS Executive at this point.
If processing is to be continued, the program will generate

the column allowable curve for the identified material. The
data required to generate this curve will come from the Interim
Properties and Allowables File and the calculations described in
the preceding sections. The curve to be developed will be the
result of the two following equations.

2 2
. F™(L/p)
1. Johnson equation: g., = F -
CR 4Cr°E
CnZB
2. Euler equation: Ocr = 2
(L/p)
where
E - material compressive modulus
F — configuration cut-off stress
C — column end fixity coefficient

Ccr ~ critical stress
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p — radius of gyration

L — length of panel or column

The cut-off stress to be used with the Johnson equation will be
the lower of the two values of the buckling stress FC and
crippling allowable stress FCC . These values will be obtained
from the Section Properties and Allowables File. The program
must compare the two values and then use the lowest absolute
value with the Johnson equation.

The user will input the value of the fixity coefficient C

for the curve. A list of values for the coefficient is shown

in table 4.26-7 for variouns end conditions. The program will

be required to provide a two dimensional plot showing the
critical stress Ocr @S the ordinate and the slenderness ratio
L/p as the abscissa. A sample of the plot is shown in fig-

ure 4.26-10. As an aid in plotting this curve from the two
previous equations, the tangency point is given by the fecllowing

relation:

L/p = 4.44 £

where

L/p — slenderness ratio

C — column end fixity coefficient
F - configuration cut-off stress
E - material compressive modulus

4.26.3.5.1 Stiffened Panel

There will be two methods to calculate the panel compression
allowable. The user should have a choice of which calculation
method is to be used.
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4.26.3.5.1.1 [LEMLERO AND SPUNT METHOD. This method can bc per-
formed only on those panel configuraticns having properties

determined by table 4.26-6. The column length L and section
radius of gyration o will be obtained from the Section Pro-
perties and Allowables File. The function will then calculate

the slenderness ratio L/p for the panel. The program then must
either retrieve the column buckling stress from the column allow-
able curve, which has been generated previously (section 4.26.3.5),
or allow the column allowable stress to be calculated from the
previous equations. This choice will allow the user to change

the end fixity coefficient C manually. The method should be
performed in the following steps.

1. The curve tangent point will be calculated from the relation:

L/po = 4.44 J%_E

where

E — material compressive modulus
F — configuration cut-off strecs
C — end fixity coefficient

2. If the slenderness ratio for the panel is less than the
slenderness ratio calculated in step 1, then the Johnson
equation will be used to calculate the column allowable.

2 2

ocg = F - ge)

4Cn“E

3. If the slenderness ratioc for the panel is equal to or greater
than the slenderness ratio calculated in step 1, then the
Euler equation will be used to calculate the column allowable
stress.
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.a =
CR ~ (1/p)2

The value of the column allowable stress OcR for the panel
should then be stored in the Structural Allcwables Data File

as the value for the allowable compressive stress.

4.26.%.5.1.2 EFFECTIVE SKIN METHOD. This method will allow the
user to calculate the column allowable stress from the scction

geometry parameters which will be stored in the Section Proper-
ties and Allowables File. The steps used in this method are:

1. The radius of gyration of the stiffener c:oss-section Pst
about the centroidai axis and the panel length L will be

obtained from the Section Properties and Allowables File.

2. The slenderness ratio of the stiffener alone L/pst will
be calculated.

3. With the slenderness ratio L/pst , the critical stress
for the stringer will be determined using i .e column allow-
able curve (section 4.26.3.5). It should be noted that thc
previous method used to ¢ ‘~culate the column stress ~-om
the column equations can be used here; this will allow the
user to input the end fixity coefficient.

4. The effective width W, of the panel sheet acting with the
stiffener from the relation will be computed using the crai-
tical stvess from step 3.

W = 0.85t ‘W —
e S (.CR

where

t, - sheet th. kness obtained from the Section Properties
and Allowables File

Ocp — critical stress obtained from step 3
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If the effective sheet width "e is larger than the stif-
fener spacing bS , the effective sheet width will be set
equal to the stiffener spacing.

The tollowing parameter will be calculated:

where

d — distance from the stiffener centroid to the middle
surface of the sheet

C — location of stiffener centroid from the reference axis
(see figure 4.26-8)

For single line fastener attachment:

ZwetS

st

A

For double line fastener attachment:

4Wets

Z = S
st

where

t
I

effective skin width paramerter

Ast — area of stiffener
W, - effective width of the panel sheet
t — sheet thickness
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The radius of gyration for the skin and stringer combination
will be calculated from the following equation:

R L L1+ (d/04,) %] He
st (a + Z)Z
where
Z — effective skin width parameter
d — value calculated in step S
Pepr — radius of gyration of stiffener

The new slenderness ratio will be computed using the radius
of gyration p from step 6.

The critical buckling stress will be determined from the
curve generated in section 4.26.3.5, or it will be calculated
from the previous methods (i.e., Johnson or Euler equation).

The buckling stress from step 8 will be compared with the
stress from step 3. If the difference is greater than 1 per-
cent of the stress from step 3, then steps 4 through 8 will
be repeated until the difference becomes equal to or less
than 1 percent. When repeating these steps, the stress
calculated in step 8 will be used to calcuiate the new effec-
tive skin width parameter Z . Convergence generally will
occur after twe or three iterations.

The column allowable stress will be calculated from th2
following reiations.

For single line attachments:

Per = oCR(Ast ¥ Zwets) * FCss(bs ) 2we)ts
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allow * AT F DWE) = € (b~ W)

For double line attachments:

Per = 0CR(Ast * 4wets) * Fcés(bs B 4we)ts

5 ) Per
allow (Ast + 4Wets) + ts(bs - 4We)
where
Per — calculated ailowable force
Ast — stiffener area
We — effective width
tg — sheet thickness
OCcR — critical buckling stress
O.1low — column allowahle stress
b — stiffrer spacing
FCss — iocal buckling stress of skin between stiffeners

This calculated column allowable stress value should then be
stored in the Structural Allowable Data File as the value for
allowable compressive stress.

4.26.3.5.2 Beam Sections

This section of the program should obtain the beam or section
length and the section radius of gyration from the Section Proper-
ties and Allowables File and should allow the user to select which
beam axis radius of gyration is to be used. The program must cal-
culate the slenderness ratio L/p and, using the curve generated
in section 4.26.3.5, determine the column allowable stress. The
user must have the capability to input new column end fixity

4-284



coefficient and calculate the stress directly (using the Johnson
or Euler equations).

4.26.4 OUTPUT

The output from this function will consist of three data files
(Interim Properties aﬁd Allowables File, Section Properties and
Allowables File, and Structural Allowable Data File) tabula-
tion of data from the input and output files, and plots of data
from the input and output files. The Interim Properties and
Allowables File and the Section Properties and Allowables File
will be used as intermediate storage and will not be used by
any other part of ISAS. A description of the contents of these
files can be found in the appendix of this document. The final
product of this function will be the Structural Allowable Data
File. The file will contain the following information:

e Section identification number

e Section type identification

e X, Y, and Z coordinates of the section
e Allowable compressive stress (FC)

e Allowable shear stress (FS)

e Allowable tension stress (Ft)

It is also required that this file provide space for the following
parameters:

e Allowable torsion stress (Ftor)

e Allowable bending stress (Fb)

® Allowable stress due to pressure (Fp)

e Allowable biaxial stress field (Fx’ Fy)

Phase B of ISAS will not have the ability to calculate these
parameters. (This function will allow for them to be input
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manually.) At some time in the future, it is expected that this
function will be modified to compute these measurements.

The tabulations required will be listings of the contents of the
data files versus the section identification numbers. An example
of this type of tabulation for the Interim Properties and Allow-
ables File is shown in figure 4.26-2. As daia are displayed in
this tabulation, the user must have the capability to modify any
of the data disriayed.

Figure 4.26-10 is an example of one of the plot types to be
created by the program. As an example, this particular plot
should allow the user to specify the section identification
number and then display the critical stress versus the slender-
ness ratio.

The program should allow the user to view the model as a three-
dimensional plot and superimpose on this plot various section
properties requested by the user. Figures 4.26-11 and 4.26-12
show examples of this plot in both the stiffened panel concept
and the beam concept.

Figure 4.26-13 is an example of an interaction curve. The pro-
gram should provide the capability to create plots of this type

for each of the equations shown in table 4.26-8.

The ratio to be calculated has the following form.

R = applied stress
allowable stress

The user will be required to supply the applied stress, and the
Structural Allowable Data File will supply the allowable stress.
The subscript associated with the ratio R denotes the type of
stress involved; e.g., b denotes bending, tor denotes torsion.
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The program will also have the capability to calculatc the
missing applied stress from the equations shown in table 4.26-8
provided the other applied stresses are given.
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Figure 4.26-1. — Data flow
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REFERENCE 1 AX1S

J. — Reference 1 axis

) _VlerA - V55T = 0.509

Figure 4.26-8.

Sample beam calculations.
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Figure 4.26-9. — Torsion factor for rectangular elements.
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Figure 4.26-10. — Example of column allowable curve.
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STATION 1.

REGION 1

o+
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,,f,—/~”FS I REGION 2

l STATIONS 3 § 6

STATION 2

Figure 4.26-11. — Stiffened panel concept.
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Figure 4.26-12. — Beam concept.
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SHEAR RATIO (RS)
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Figure 4.26-13. — Example of interaction curve for combined

BENDING RATIO (Rb)

shear and bending.
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TABLE 4.26-1. - PARAMETERS FOR LOCAL BUCKLING

H a/by > 5.0, um Kg » 0.43

o a/by, 2 5.0, um K¢ = 4.0

i afby 2 8.0, e Kg = 4.0

ok, > 50 uwe Kg=4.0

1 a/by 2 8.0, uss Ko = 043

i a/by 2 6.0, use Ko = 4.0

Pannd 1 6
Configurstion Elemens 1 Elowant 2 Element 3 Eloment 4 Eloment 8 loment
[ 1} FCorwr - By tay Py for by, 1
Integral ¥ afy > 8.0, use K¢ = 0.43 oty > 8.0, we Ko = 40
Seiffonsd H afby, < 6.0, use cerwe €, # o/t < 5.0, um curve C,
fig. 4283 fig. 4283
2| FCoy for by. 4 FCoppe 107 by, toy FCyg for by, t
afdy 250, umK*043 | HaMy >50, umKe=a0 o a/by > 5.0, uw Ko = 4.0
ZSuttenad o o/by < 5.0, use crve E, 11 by, < 8.0, use curve C,  a/by < 5.0, use curw C,
fig. 4.263 fig. 4203 fig. 4203
3[ FCey for by. 4 FCuw for by, ty FCoq for by, tg
togrel Mafy > 8.0, use Ko = 043 | It iy 2 5.0, uee K¢ = 4.0 H a/by > 5.0, use Kg = 4.0
Z-Stitfonad  a/by < 5.0, um crw E, H aflag < 60, um avw C, ¥ afby < 5.0, um corm C,
g 4283 fig. 4283 fig. 4.20-3
‘l FCyy tor 3. 4 Fow fov by, ty FCo for by, ¢
tomgrat " a/by/2 2 6.0, Ky = 043 1 sy 2 5.0, us Ko = 4.0 W a/by 2 6.0, use Ko = 4.0
T-SriHened f afbgsz < 6.0, use curvs E, H alby < 5.0, wss curve C, i aftyy < 5.0, use surwe C,
fig. 4263 fig. 4.203 fig. 4,283
sl FCyy fov by, 8 FCuwy 107 by, ty FCog for by, &
3 Svittened "oty 2 50, use Kg v 043 |  a/by > 6.0, me Ky = 40 #f oty 2 8.0, use Kg » 4.0
1 aftyy < 6.0, uee curve €, It a/by, < 8.0, use curve C, It a/by < B.0, use curve C,
fig. 4.26-3 fig. 4.28-3 fig. 4283
ol FCugy for by, &, FCorm $07 byy. G FCyy for by, ¢ FCpu for by, ty PCyg for by, ¢
Sereign oy 260, w0 Ko =043 | Walay 260, um Ky~ 40 a2 60, umKe=4.0 | 1o/t > 8.0, umKg =043 | 1f a/by 2 8.0, uee Ko » 4.0
¥ Suiffened it a/ty, < 3.0, v cusrwe €, " a/bhy < 8.0, e corve C, H a/b, < 5.0, use curwe C, ¥ a/bg < 6.0, uee curve E, H a/by < 8.0, uee cwwrve C,
fig. 4263 . fig. 4.283 fig. 4263 fig. 4203 fig. 4203
| 7] FCp tor by, 4 FCpn for by, FCow 101 by, tyy FCpy for by, FCtw 107 by, tyy FCyy for by, t
Straight

fig. 4263

fig. 4283

fig. 4.20-3

tiy. 4263

it afty < 8.0, e curwe E,
fig. 4282

Y-T Stitfaned " o/bg < 5.0, use corwe E, H afby < 6.0, um curve C, falby < 8.0, e curve C, | i a/by < 5,0, uss curve C, i a0 < 8.0, use curve €, It /by < B.0, use curve C,
fig. 4.26-3 fig. 4283 fig. 4.20-3 tig. 4203 tiy. 4209 fig. 4.28-3

s FCu tor by, v FCo for b, FCurw 10° by, tey FCa for by, b PCrw f0r by, ty FCu for by, t

Curved it a/bg 2 5.0, um Kg = 043 W afoy > 8.0, use Ko = 4.0 It a/by 2 8.0, um Kqg= 4.0 | if ey 2 50, we Kg = 4.0 Hady 2 6.0, um Ky = 043 | it aldy 2 6.0, ves Ko » 4.0

Y-V Seiffened it oty < 6.0, wee cwrwe E, i afby, < 8.0, ume owrwe C, oy <850, umeurveC, | Ha/by <80, 8 curw C, It e/, < 8.0, use cwrve C,

flg. 4.20.3
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Caicutate by/b, snd

Thw/{1 - 1pp ), then use
fig. 4268

¥ a/tby - by} > B0, use K¢ » 4.0
# o/ib; - by) < 6.0, ue corve C,
fig. 4263

i a/by 2 6.0, um K = 4.0

it o/ogy < 5.0, uw cwve C,
fig. 426-3

If a/ty > 8.0, use K = 0,43
If a/bg < 6.0, use curve €,
fig. 4.28-3

W a/by > 6.0, use K¢ = 4.0

H a/b; < 8.0, we curve C,
fig. 426-3

I ot
o /’>~ :
Co <G
4
7 fQ,
4 ,?1
RS
TABLE 4.26-1. — PARAMETERS FOR LOCAL BUCKLING ~ Concluded
Porel Elomant 1 Element 2 Eloment 3 Element 4 Glamem & Elamens &
Configaration
| FCyc or by, t¢ FCyc 107 by, tg FCy for by, t FCig for by, by, tg
Trapexoidal Walty >650, um Kg=40 | ¥ afbg > 5.0, use Ko = 4.0 It a/b, > 6.0, us K¢ = 4.0 mg‘wmu
Corvugation H sy < 5.0, um crve C, #f /by < 6.0, um curwe C, oy, <50, umcurve C, | -4
Somisandwici fig. 4.26-3 ud:in md:'m
1) FCyq for by, te FCyy fOF by, ¢,
Trass Core Natg 250, umKe=40 | HaM, 250, um Ky =40
Semimndwich # g < 5.0, we awwe C, N%!.ﬂ.-mc.
fig. 4203 fig. &
" FCyg for by, by, ¢ FCg for by, tg FCge for by, t¢ FCy for by, ¢y
« ot use o afig > B, use Kg = 4.0 Ha/byg >80, umKg =480 | 1 ay 250, use Kg= 4.0
fio. 4.264 tf a/by < 5.0, us curve C, W a/by < 5.0, um curve C, | 1If sy < 8.0, use curve C,
fig. 4283 fig. 4283 1ig. 4263
FCour 17 by, Dyy, Tiny. i | FCziwy f07 by, by, tyy FCuw 107 by tyy FCy for by, 1y FCyy for by, FCy for by,

1 oMy 2 6.0, ¥ K = 4.0
It a/by < 8.0, uee curve C,
fig. 4263

FCyq for by. by. t¢ FCye for by, tg FCyq for by, tg
Trap Cek by, use oy > 5.0, use Ko = 4.0 # a/fbg 2 6.0, use Kg = 4.0
Corrugation flo 4204 # &by < 5.0, use curve C, H Wby < 5.0, use corve C,
fiy. 4263 fig. 4.26.3
“l FCag for by, 1
Yrum Cove #aby >80, mm K = 40
Conrugstion ¥ a/by < 6.0, we curve C.
fig. 4263
_‘_‘J FCRy for R. ¢ FCy for by, ¢
Semicircle K cbtsined from i a/by 2 6.0, use K¢ = 4.0
Corvrugstion fig. 4266 If afby < 5.0, use curve C,
Semissndwich fig. 4.26-3




TABLE 4.26-2. — BUCKLING COEFFICIENT FOR
INFINITE PLATES IN COMPRESSION

voe-v

Loading Edge support Coefficient
Compression Simple support on all edges K. = 4.0*
w,i ll L Clamped on all edges K. = 6.98*
T Simple support ony =0, y = a, x = 0 +
K. = 0.43
a —b— Free on x = b
l X Clamped on y = 0, y = a, x = 0
Ty ’ ’ K, = 1.28"
Free on x = b

*National Advisory Committee on Aeronautics, Report 733.
*National Advisory Committee on Aeronautics, Report 734.
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TABLE 4.26-3. -- PANEL CRIPPLING STRESS RELATIONS

Panel Configuration

Crippling Stress Calculation

1

(FC,,,) (b} (t,)

Stictencd FCC Bt - Pl

2[R TRV

: Integral Z FCC (Fcff)§:§§§:§;-: Eii??ii?")(fﬁl

S imegrar r | rec - SH2000 L (Gl () (8

= sestierenes | e - DEGE OO0 1 (00 () )

g | e - Ty T T

768] Straight and | (2)(FCep) (be) (tg) * (FCuy) (o) (1) + (B)(FC,) (b, (8,) + (2)(FCq,) (bg) (2,)
Stiffened At + B IE) * (DBIE)) + (BT

T mats | 000000 s
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TABLE 4.26-3. — PANEL CRIPPLING STRESS RELATIONS — Concluded

Panel Configuration

10 (2)(FC, ) (by)(t )

Truss Core - de d c’ _

Semisandwich FCC = —myopeg ™ Flac
11 Semitrapezoidal (FCf )(bf)(t )+ (2Y(FC, )(b ) (t.)

C ti FCC = C C dc d c

Corruation, BT+ ) ()
12 Hat Section FCC = (Fcsz)(bz ) bf)(tw) * (2)(chw)(bw)(tw) * (2)(Fcff)(bf)(tf)

Stiffened b, -b I )+ DB+ (2)(be)(ty)
13 Trapezoidal FCC = (2)(Fcfc)(bf)(tc) v (2)(FC4.) (bg) (t)

Corrugation (2)(be)(t ) + (2)(by)(t.)
14 (2)(FC_ ¥ (b(t )

Truss Core dc d c’ _

Corrugation FCC = () (®,) () = FCac
15 genicirg}e Fec (TCre ) (M (RY () Fe

orrugation = =
Seuisgndwich "th Rt
8
S5
s &




TABLE 4.26-4. — BUCKLING COEFFICIENT FOR
INFINITE PLATES IN SHEAR

Loading Edge Support Coefficient
Shear
= —>
l T Simple support on all edges Kg = 5.35%
l| T Clamped on all edges K, = 8.98"

*National Advisory Committee on Aeronautics, Techniczl Note 1222.

+National Advisory Committee on Aeronautics, Technical Note 1223.
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TABLE 4.26-5.

PARAMETERS FOR SHEAR BUCKLING

Panel Configuration

Shear Buckling Parameters

1 i FS for bs’ tg
‘ Integral =
Stiffened If a/bS > 5.0, use K, = 5.35
1f a/bS.S 5.0, use curve B, fig. 4.26-8
2 FS for bs’ ts
Z-Stiffened 1f a/bS > 5.0, use KS = 5.35
1f a/bs.§ 5.0, use curve B, fig. 4.26-8
3 FS for bs’ tg
Integral -
7-Stiffened If a/bs > 5.0, use KS = 5.35
If a/bs < 5.0, use curve B, fig. 4.26-8
4 FS for bs, to
Integral =
If a/bS < 5.0, use curve B, fig. 4.26-8
S FS for bs’ te
J-Stiffened If a/bS > 5.0, use KS = §5.35
If a/bS < 5.0, use curve B, fig. 4.26-8
6 | FS for b,, tg
{ If a/b, > 5.0, use K, = 5.35
Straight If a/bz < 5.0, use curve B, fig. 4.26-8
Y-Stiffened FS for bs’ ts
If a/bS > 5.0, use KS = 5.35
If a/bS < 5.0, use curve B, fig. 4.26-8
768 FS for bz’ tg
If a/bz > 5.0, use KS = 5.35
Straight and If a/bz < 5.0, use curve B, fig. 4.26-8
Curved Y-T
Stiffened FS tor bs’ tg
If a/bS > 5.0, use Ks = 5,35
If a/b_ < 5.0, use curve B, fig. 4.26-8
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TABLE 4.26-5. — PARAMETERS FOR SHEAR BUCKLI'G — Concluded

Panel Configuration Shear Buckling Parameters
9 FS for (bs - bf), tg
Trape idal 1f a/(bs - bg) > 5.0, use K, = 5.35
Corrugation
Semisgnd;gch If a/(bS - bf).i 5.0, use curve B,
fig. 4.26-8
—
10 FS for bs, ‘s
Truss Core If a/bs > 5.0, use K = 5.35
Semisandwich It a/b_ < 5.0, use curve B, fig. 4.26-8
11 Semitrapezoidal | FS for bs, tg
Corrugation -
If a/b, < 5.0, use curve B, fig. 4.26-8
12 FS for bz, t,
If a/bz > 5.0, use K, = 5.35
Hat Section If a/b, < 5.0, use curve B, fig. 4.26-8
Stiffened FS for bs’ te
If a/bS > 5.0, use K, = 5.35
If a/b, < 5.0, use curve B, fig. 4.26-8 ,
13 FS for vy, t.
If a/bd > 5.0, use K. = 5.35
Trapezoidal 1f a/bd < 5.0, use curve B, fig. 4.26-8
Corrugation
FS for bf, t.
If a/bf > 5.0, use K, = 5.35
If a/bf < 5.0, use curve B, fig. 4.26-8
14 FS for bd’ t.
Truss Core ' < "
If a/bd < 5.0, use curve B, fig. 4.26-8
15 Semicircle FS for bs’ ts
Corrugation If a/bS > 5.0, use K, = 5.35
Semisandwich If a/bS < 5.0, use curve B, fig. 4.26-8




TABLE 4.26-6.

— PARAMETERS FOR PANEL SECTION PROPERTIES

Panel Configuration

Auxiliary Relations

Dimensionless
Geometric Expressions

. T Tpy = 0 @ =l e Ty
[ - ww =
L_v__LJ "bw = B B =0.5r o
. I i 333 r)
T = = y = 0. . r
1. ISTEGRALLY STIFFENED tw ot bw’ tw
— b o '!‘ bu
T rbw'Fs' a=1+1.6r 1.
b .
w t .
Tl i - ¥ - 2
l - l Tew q 8 0.8 Thuwltw
T . 5 .
The ® 0 Yy = 0.633 Thwltw

2. Z-STIFFENID

—f Ot o te

b,
F—T Tow = F; a=1e1.3 Thwltw
h. !'—-J ! t“ 2
l AJ Tew " T; 8 =10.8 LW S
- ¥
e Ty, = 0 v = 0.633 rpT,
3. INTEGRAL I
'._br_.‘ ty bw
rbw 'Y Fs a=1+1.6 rbwrtw
h' t" ¢
w - 2
1 1 | Tew T, 8= 1.1 rp T,
' fl
P —{ 0 Ty = 0 Y = 0.933 rguftw
4., INTEGRAL |
i M . =1e1.9r
“f‘ bw 5_5 e ) bw!tw
Py t
b . - _H' = 2
s f[ l L T, 8= 0.8 ry T
I VI i 1 X
%, 1eSTUTINLD Thz ° 0 y = 0.633 Tt oTew
ORIGINAL PAGE IS
OF POOR QUALITY,
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TABLE 4.26-6. — PARAMETERS FOR PANEL SECTION PROPERTIES — (Continued)

a . < . . Dimensionless
Pan2l Configuration Auxiliary Relations Geometric Expressions
bw
Tow = b a=1ler, 3.06 T Tew
It” s
<¥ t
fo—-Bg T = 2
Tew T, 8= 1.23 Ty Tew
bty ?', !
5. STRAICKT Y-STIFFENED - - 3
Ty, 1.04 Thw Y 0.865 Toultw
bw ;
Tow = E;- a=10» Ty, 5.1 Towtw
t -
W - -
Tew ® t_s_ 8 4.83 Tow tw
1.04 Yy = 7.07 rpt
7. STRAIGHT Y-T STIFFENED Ypg © 1-99 Tyy . bw' tw
Pw s ler + S I3 1
Tow b bz : ‘bw tw
t 2
W =
rtw - E—_ g S.13 rb“rtw
s
- 1.08 1 Y e 7.58 ro ¢
bz . bw bw tw
r = hd
bd FS
as ] + m:_.l__._
tc K{;Z(m + cos §)
Tee ™ T
9. TRAPIZOEDAL CORRUGATION SEMISANDWICH s m+ 1) sin b
- I P THLITIRENES
m= m - cos ¢
e
ki
r,, =0 . (m+ 0.067) <an”n
‘T bz Y 1732 1
s 2 8K " “(m + cos 9)
1/2 Tbd
Kl "7
tc
10, TRUSS CORE SEMISANDNICH
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TABLE 4.26-6. — PARAMETERS FOR PANEL SECTION PROPERTIES — (Continued)

L . . <q: R Dimensi
Panel Configuration Auxiliary Relations ceo“:,ﬁﬂ ég;::::ions
b
Tha © Bd“
S 2(m + 2)
e =1¢{977 :
tc Kl (m o 2 cos ¢)
Tee © q
8 = im * 1) sin ¢
1 K7 (a e 2 cos 9)°
\( m = b cos ¢ 1
L bd
11. SEMI1LRAP!ZOTDAL CORRUGATICN SEMISANDXICH rbz = 0 y - 2(m o 0,667) sin2®
2 Kl{;"'(n e 2 cos 0)4
/2 Tha
l(l T
tc
be
bf B Tow x =2 +r (1 e2r e r )
. b . w tw bw bf
f" z f-el - z(l . )
T LY
) r =
! tw = -
— Py o b," t K 8 rburtwu The ® rbw)
s r—| §1* b
w
b b, T r =
° = I(’ bw Fﬁ vy = rbwrtw“ S Tpe ® 0.67 r, )
12. UAT SICTION STIHFENID
Thy ™ 1.0
L by sy
L]
b
« 4
"bd " 6 @ = 2r  (m e 1)
o p je— <o by je—
13.  TRAPIIOIDAL CORRUGATION ] 2
m-z_r.b;-coso s-rbd(mo 1) sin ¢
r,, =0 Y = rd.(me 0.667) sin’
bz bd . ¢
14, [RUSS CORE CORRUGATTON
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TABLE 4.26-6. — PARAMETERS FOR PANEL SECTION PROPERTIES — (Concluded)

Panel Configuration Auxiliary Relations Geoale)::::ségg:':::ions
b
r'Y k- * t. a=1+157r
r [ _J——
T 7 v
B =105 Tec
- =R

K t=t, (1 *gre)

3 s vy = 0.196 Ty
1S. SEMICIRCLE CORRUGATIUN SEMISANDNYCH ¢
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TABLE 4.26-7. — COLUMN FIXITY COEFFICIENTS

Column End

Column Fixed Type Fixity Coefficient

'

Both ends pinned. C=1.0

A
\)A.Jl.\.\

Both ends fixed. C=4.0
mh
One end pinned. C = 2.25
One end fixed.
T
One end free. C = 0.25
One end fixed.
TN
Both ends between C=1.78

fixed and pinned.

4-314




SIgE-¢

TABLE 4.26-8. — INTERACTION EQUATIONS

Interaction Formula Shear Axial Biaxial Torsion Bending Trg:z:irse ng:::ie
2 <
RC+Rtor—l X X
1.5 2
Rb M Rtor 1 X X
R.+R +R =1 X X X
(] b tor
2 _
Rb + Rs =1 X X
2
R. + Rp 1 X X
Rx+Ry=1 X
R.+ R =1 X X
(d s
2 2
. Rs + Rb = 1 X X
RZ + R? = 1 (Inelasti X X
< s (Inelastic)




4.27 RANDOM VIBRATION ANALYSIS

The requirement to provide this support in [SAS Phase B was
deleted by the Structures Branch (ESZ). Figure 4.27-1 is a data
flow diagram of the Random Vibration Analysis.

LIFTOFF

CARD OR |
TERMINAL ACOUSTICS
INPUT INPUT
TAPE
APPLIED
FORCE e
DATA AERODYNAMIC CARD OR
FILL NOISL TERMINAL
MODEL INPUT
- INTLRPOLATE
CARD OR DATA TO MODEL
TLRMINAL GRIDS AND FORM
INPUT INPHE FILE
TERMINAL
TABULAT IONS!
SPECTRAL AND
DENSITY GRAPHICS,
FILE
NOSMAL BATCH

RANDOM " CARD OR
RESPONSE TERMINAL
PROGRAM INPUT

R

RANDOM
RESPONSL
ouTPUT

FILL

TLRMINAL
TABULATTONS
AND
GRAPVHIUS

Figure 4.27-1., — Data flow diagram for Random Vibration Analysis.
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4.28 STATIC AEROELASTICITY

4.28.1 PURPOSE

This fuaction will allow the user, operating in the demand mode,
to prepare an input file for the Static Aeroelasticity Program,
to display data on the remote console screen, to calculate
flexible-to-rigid factors, and to produce an Aeroelasticity Data
Base. Flexible-to-rigid factors will be calculated by the Static
Aeroelasticity Correction Program (STAC). STAC will be a demand
program and will generate the Aeroelasticity Data Base as a final
product of the function. This file will contain force coeffi-
cient data adjusted for the effects of structural flexibility.
Figure 4.28-1 is a data flow diagram of the Static Aeroelasticity
function.

4.28.2 INPUT

Input for this function will be contained in twe data files.
These are:

e Structural Influence Coefficients File

® Aerodynamic Influence Coefficients File

During the course of processing, three additional files will be
created and used by succeeding steps in the function. These are:

e Static Aeroelasticity Input File
e Static Aeroelasticity Output File

e Static Aeroelasticity Force Coefficient Data File

Formats for all files used in this function can be found in the
appendix.
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The user will be required to enter some data directly at the
terminal. These will include such items as file identification
and flight conditions.

4.28.3 PROCESSING

Upon entering the function, the user should type in two file

ID's and a set of retrieval parameters (Mach number, angle of
attack (a), angle of sideslip (B), elevon deflection (Ae),

rudder deflection (Ar), etc.). One file ID will specify a Struc-
tural Influence Coefficients File. This file will be created in
the NASTRAN OUTPUTZ module and will contain the structural grid
geometry (X, Y, Z) and the structurél influence coefficient
matrix [S].

The second f{ile ID will represent the Aerodynamic Influence
Coefficients File produced by the ACE function. This file will

be accessed to retrieve aerodynamic panel geometry (X, Y, Z),
control points, aerodynamic panel areas [B], rigid pressure
coefficients (ACp)R, and the aerodynamic influence coefficient
matrix [A] and will be indexed by the retrieval parameters. If
the file does not contain data at the required retrieval param-
eters, the ISAS Flight Conditions Interpolation Routine (described
in the Phase A ceviiled requirements document) will be used to
obtain interpolate. sat3 at the required retrieval parameter

values.

The grid locations relating to geometry in these two files will
not correspond. The ISAS Spline Interpolation Procedure,
describced in the Phase A detailed requirements document, will be
used to interpolate the structural influence coefficient matrix
and obtain values at the aerodynamic panel geometry locations.
This interpolated influence coefficient matrix will be stored
along with the aerodynamic panel geometry in an Interpolated
Structural Data File. At this puint, the user may choose to have
the aerodynamic panel geometry data (X, Y, Z) displayed on the
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screen in tabular form. The structural slopes can be tabulated
or plotted versus the location variable (X for fuselage, Y for
wing, and Z for tail) at each user-specified value and *olerance.
Figures 4.28-2 and 4.28-3 are examples of the data to be tabu-
lated. The user will specify the values of the location variable
and a tolerance for which the slopes are to be plotted. Fig-

ure 4.28-4 is an example of a plot.

The next step in the process will be to form a Static Aeroelas-
ticity Input File. From the console, the user will input the
title/ID header information, dynamic pressure, wing root Y-
coordinate, and vertical tail root Z-coordinate. These data and
the grid geometry (X, Y, Z), rigid pressure coefficients (ACp)R,
aerodynamic influence coefficient matrix [A], and aerodynamic
panel areas [B] retrieved earlier from the Aerodynamic Influence
Coefficients File for the given retrieval parameters shculd be
combined with the interpolated structural influence coefficient
matrix to form the input file. This file will be used as input
to the Static Aeroelasticity Program (STAP). A description of
STAP can be found in the batch program documentation and is not
presented here.

STAP will output a Static Aeroelasticity Output File. Data from
this file can be displayed and checked at the terminal. The
display should include the title/ID header, flight conditions

(M, a), total rigid aerodynamic panel load (FR), total aero-
dynamic panel load due to flexibility (Ff), wing root moment
(MW), vertical tail root moment (HT), flexible-to-rigid load
ratio, and divergence dynamic pressure (qD). The following
variables can be either tabulated versus aerodynamic panel con-
trol point or plotted versus the X-dimension structural point
coordinates: aerodynamic panel area [B], rigid pressure coeffi-
cients (ACp)R, structural slope (0), pressure coefficients duec

to flexibility (ACp)f, flexible-to-rigid pressure ratio, rigid
aerodynamic »nanel load (AF)R, aerodynamic panel load due to flexi-
bility (AF)¢, and flexible-to-rigid loading ratio. Figure 4.28-5

4-319



shows a sample tabular printout, and figures 4.28-6, 4.28-7, and
4.28-8 are examples of the type of plots that will be available

to the user.

The processing starting after the creation of the Static Aero-
clasticity Output File and through the creation of the Static
Aeroclasticity Force Coefficient Data File (see the function
flow chart, fig. 4.28-1) is the same as in the ISAS Aerodynamic
Loads function, section 4.3. The Static Aeroelasticity Output
File will replace the Interim Aerodynamic Data File as the input
source, and the output will he stored in the Static Aeroelas-
ticity Force Coefficient Data File rather than the Force Coeffi-
cient Data File. The format of the Static Aeroelasticity Output
File will correspond to the format required by the Aerodynamic
Loads function.

The Static Aeroelasticity Force Coefficient Data File will have
the same format as the Force Coefficient Data File, but it should
contain data for wing and vertical tail only. These two files
should be used for input to the Static Aeroelasticity Correction
Program (STAC). STAC should be a demand program that adjusts

the wing and vertical tail aeroelasticity force coefficient data
for the effects of structural flexibility. It should search the
Force Coefficient Data File and retrieve data for the appropriate
flight conditions, using the ISAS Flight Conditions Interpolation
Routine, if necessary. For each wing and vertical tail point,
STAC shoruld add the static aeroelasticity force coefficient value
to the appropriate rigid value. A flexible-to-rigid factor
should also be calculated for each data point, where

FACTOR = 1 + (FORCE)FLEX/(FORCE)RIGID

(FORCF.)FLEX will be the value from the Static Aeroelasticity
Force Coefficient Data File, and (FORCE)RIGID will be the corre-
sponding value from the Force Coefficient Data File.
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The Aeroelasticity Data Base will be created by STAC. It will
contain the force coefficient data with the corrected wing and
vertical tail points and the flexible-to-rigid factors for those
points. Terminal tabulations and graphics requirements for the
Aeroelasticity Data Base are the same as those detailed for the
Aerodynamic Data Base Generator, section 4.2.

4.28.4 OUTPUT

Output for this functiun will consist of files and graphical
displays at the remote terminal. The graphical displays will be
tabulations and plots of various data contained in files or cal-
culated by the function. The specific displays available are
described in the processing section.

The files output by this function will be:
e Interpolated Struc’.ral Data File

e Static Aeroelasticity Output File

® Aeroelasticity Data Base

e Static Aeroelasticity Force Coefficient Data File
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AERODYNAMIC PANEL GtOMETRY

COORDINATES
ID X Y z
1 .99750 1.42000 .00000
2 2.99750 1.42000 .00000
24 7.00000 9.60200 .00000
25 9.00000 9.60000 . 00000
Figure 4.28-2, — Example of
geometry data tabulation.
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COLUMN(15)
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3.86100-03

COLUMN( 6)

-4.08000-04
~-1.61000-04

-8.40000-05
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COLUMN(16)

-1.43000-04
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Figure 4.28-3. — Example of matrix of structure slopes.
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STRUCTURAL SLOPE (RAD/LB)

STRUCTURAL SLOPES
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Figure 4.25-4. — Example plot of structural slopes

versus chord at each span station.
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"

STATIC AERCELASTICITY QUTPUT
{ FILE "D HEADER )

MACH RUMBER = 2.00

RIGID AERO PAREL LOAD = 2.74284+01 LB

WING ROOT MOMENT = 1.14142402 IN-LB
FLEX-TO-RIGID LOAD RATIO = 9.53515-01

ANGLE OF ATTACK = 400 DEG

AERO PANEL LOAD (FLEX) = 1.27502+00 LB
VERTICAL TAIL ROOT MOMENT = 0.0000 IN-L8
DIVERGENCE DYNAMIC PRESSURE = 12.6625 LB/IN**2

PANEL PANEL COORDINATES AERD PANEL  RIGID PRES
1D X Y z ARER COEFF
1 .99750 1.42000  .00000  Z.5c .161227
2 2.99750 1.42000 .50000  5.82. 161227
26 7.00000 9.60000 .00000 .08000 .039879
25  9.00000 9.60000 .00000 .08200 .034427
PANEL STRL SLOPE  PRES COEFF DUE FLEX-TO-RIGID RIGID AERO  AERO PANEL LOAD FLEX-TO-RIGID
10 (RAD) TO FLEXIBILITY PRESSURE RATIO PANEL LOAD(LB) DUE YO FLEX{(LB) LOADING RATIO
1 -.741960-04 -.171348-03 .998937+00 .104169+01 -.110708-02 .998937+00
2 .101090-02 .238912-62 .101482+01 .203372+01 .301371-01 -101482+01
24 -.979918-02 -.100835-01 .747147+00 .691233-02 -.174781-02 . +00
28 -.110787-01 -.872662-02 .746515+00 .596727-02 -.151261-02 cie 3%00
Figure 4.28-5. - Static Aeroclasticity Output File tabulation.
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Figure 4.28-6. -~ Example of plot of aerodynamic panel coordinates.
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Figure 4.28-7. — Example of plot of structural slope.
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RIGID PRESSURE COEFFICIENTS
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Figure 4.28-8. — Example of plot of rigid pressure coefficients.
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4.29 TWO-BODY SEPARATION

The requirement to provide support in this area was deleted by
the Structures Branch (ES2). See figure 4.29-1 for a data flow
diagram of the Two-Body Separation function.
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Figur. 4.29-1. — Data flow diagram for Two-Body Separation.
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4.30 THREE-BODY SEPARATION

The requirement to provide support in this area was deleted by
the Structures Branch (ES2). Figure 4.30-1 is a data flow
diagram of the Three-Body Separation function.
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Figure 4.30-1. - Data flow diagram of Three-Body Separation.
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4.31 USER MODEL FILE GENERATOR

4.31.1 PURPOSE

The User Model File Generator function will produce a model
definition oriented toward aercdynamic or structural modeling,
depending on the phase of the application. Figure 4.31-1 is a
data flow diagram of the User Model File (Ccenerator function.
For the structural model, grid points will be defined, and
structural elements will be described as functions of the grid
points. For the aerodynamic modcl, cutting planes or traces
w:ll be defined along the model, and coordinates and slopes

of grid points will be defined around these traces. An inter-
active graphics display will be used to assist in the creation
of the User Model File by permitting the creator to visually
inspect and modify the model at all stages of its development.

4.31.2 INPUT

The input will consist of the Basic Geometry Data File, a pre-
viously created User Model File (optional), NASTRAN card files
(optional), and interactive terminal entries is required to
develop and verify the model definition as the User Model File
is generated. The Basic Geometry Data File and the User Model
File are defined in the appcndix The terminal input can be
either keyboard or display selectable.

The keyboard will be used for:

e Entry of subscructure and region identification numbers; X,

Y, Z coordinate values; angles of rotetion; direction cosines;

and other data as needed to define model components as visual

aids in the model definition

e Editing of tabular displays of User Model Files
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Display sclectable input will include:

e Menu sclection and paging (forward and backward)
e Submenu item selection

e Indication of cutting plane position

e CG(rid point positioning

e Grid point selection for clement definition

e Structural element type selection

e Ccll selection and definition

® Airfoil definition

4.31.3 PROCESSING

The processing function will consist of two major categories,
each of which will be composed of a number of subprocesses.

The model generation will include:

e Selection and graphical display of the surface
e Symmetry defintion

e Cutting plane specification

e Grid generation

e Element definition (structural, airfoil, cell)

The Data edit phase will include:
e Tabular and graphical display
e Editing
e Merging

® Resequencing by batch program
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An interactive graphics terminal will be used in the processing
function of this program. This program will contain capabilities
which will b2 inherent to interactive graphics terminal usage.
These capabilities will include:

e Display of control points
e Display of lines connecting the control points

e C(Creation, deletion, and modification of grid points
(coordinates and slopes)

e C(Creation, deletion, and modification of structural elements
or aerodynamic airfoil elements

® Means to loop back through the program

e Dialogue in the form of questions and suggestions initiated
by the program

® Interpretation of user response to dialogue

e Ability to break (or terminate) the program at any stage and
restart it at a later time.

This program will also include less sophisticated capabilities
such as tabular display and edit. The dialogue will be such
that sequential processing can be accomplished readily when a
minimum of interaction is needed. The capability to remove
hidden lines will not be included.

4.31.3.1 Model Generation

The first step irn the processing function will be the dynamic
assignments of the needed files. The User Model File to be
created must always be identified. The other files which need
to be assigned will depend on the source of thc data to be used
in the model generation. Thc uscr will be able to start with
no input files and create the model from scratch using the
various input devices to input the data. Alternately, the
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user will be able to start with a Basic Geometry Data File and a
NASIRAN card image fiie if desired. The user will be asked to
identify all needed files.

When the file names have been entered, the terminal user will

be asked to identify the type of model application — aerodynazmic
or structural. Once the model application is chosen, the uscr/
program dialogue will bhe slanted toward that discipline.

4.31.3.1.1 GStructural Model Generation

When the structural option is selected, the user can choose to
continue through the mainstream of the program and create,
inspect, and refine the grid points and structural elements for
the User Model File. Alternately, he can choose to enter or
update the cell information of an existing User Model File.

When the structural model generation option is chosen, the user
will be given a choicc of methods for selecting the structure

and substructure of .nterest from the Basic Ceometry Data File.

He can elect to enter coordinates describing a rectangular solid
to be used for displaying the structure falling within its bounds,
or he car choose to select the structure and substructure

identifications.

When the identifications (ID's) are to be used to select the
structure and substructure, the user will enter these ID's in
ecither of two ways: with a 1 to 15 alphanumeric character ID

or a code corresponding to the alphanumeric ID. The user can
display a table containing the codes versus the alphanumeric ID's
in order to facilitate the structure or substructure selection.

The contents of the Basic Geometry Data File will be searched
for the ID's entercd. If either 1D is not found, a message will
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be displayed informing the terminal user of the problem and
giving him the option of entering another ID, of defining a
rectangular volume to be displayed, of going to the data edit
phase, or of terminating the job.

When the structure/substructure selection is to be made by
entering coordinates describing a rectangular solid, the usecr
will enter the X, Y, Z coordinates defining the upper and lowcr
bounds of the solid. At this time, threc display-selectabl.
menu items (light buttons) will be established to assist with
structure selection and viewing. The zcom and alter view aptions
will be provided to permit viewing the displayed st an
enlarged format and from other viewing angles and 1.

restore button will also be provided to return th: dispiz, .
its original unzoomed, unaltered view. These view:ng ~1d- i
always be available throughout the model generation ,1c:less.

Wher the user has selected a sub: tructure with which he wiches
to work, he will indicate he is ready to go to the next menu by
selecting the page option. The selected substructure will be
displayed in its entirety, and the user will be asked to iden-
tify the region with which he wishes to work.

The method of selecting the region will be the same as for the
substructure. The user can enter the desired region identifica-
tion (1 to 15 characters) or the corresponding code. If the ID
1s not four. on the Basic Geometry Data File, the terminal
operator w,1i he _ 'ven the option of reentering the region
identification, m ing a display selection, or returning to the
substructure seiection menu.

Morc than one region can be selected for display at onc time.
Once the region has been selected and the next page «p‘ion
choscen, the display will change to one of selected re,.ons only.



At this point in the processing, the user ran Jefine substructures
for the Uscer Model File or use the substructure definition from
tiic Basic Geometry Data File. This function <hould provide the
capability to generate grid points for sections of the model °“n
different coordinate systems. These data will be maintainea on
the User Model File. Also, the function will provide the cana-
biiity to transforr. the cooirdinate: to different coordinate sys-

tems upon command.

At this time, the terminal operator will be requested to indicate
the symmetry status. If symmetry does not exist or if the user
wishes to skip its definition, the rage option will be celected.
However, it the region is symmetri 4 this condition is to be
used, the syvmmetry option will be selected. The axis (cor axes)
of symmetry is then specified, causing flag: to Le set whica will
activate the autom~tic specification of grid points and clements
when their symmetrical counter parts are defined.

When the symnetry (>ndition exists, it may be desirable to
reduce the number of lines to be displayed at any one time.

A s metric model light button (display selectable option) will
be provided for this purpose. When the symmetric model buttern
is chosen and symmetry exists (the symmetry flag has been set),
the model will be reduced to the symmetric display. As with
the zoom and alter view light buttons, the symmetric modz1
button may be activated at any time. In addition, there will
be a light button which will enable the user to restore the
complete display.

The ncxt step will irvolve the creation of cutting planes for
visuai ‘napoction of the model and for definition of mol i lines.
.. pousitioning of the cutting , i-ne will be under user control,
and tiic method of ident.fying this plane will be the same as
drser e ip tne Basic Geometry File Gen.rator function.
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Once a cutting planc is cestablished, its position can be altcraed
or Jdeclcted by selecting the appropriate light buttons. Display
selectious will be available which, when used in conjunction with
an established cutting plane, will result in the display of the
trace from any selec ~d view made by passing the cutting planc

througa the region.

The next step in the model definition will be the grid point
veneration. The terminal user will have the option of sclecting
automatic or manual grid gencration. He also must indicate the
mesh or number of divisions between control points.

When the grid is to be automatically generated, the user can
choose from several regular shells of revolution to gencrate the
desired grid points or he can usc the milling machine lofting
routine FMILL from the APT system*. 1If a shell of revolution :.
selected the user wili be prompted for keyboard entries of the

necessary dimensions and grid spacing specifications.

When tte FMILL option is selected, the grid spacing will be deter-
mined by specifying through the keyboard the number ot rows and
columns in the grid matrix of the segment. The control points
used in the FMILL routine of the Basic Geometry File Generator
function will dei.ne the segmental subdivision of the regions.
Additional FMILL input parameters will define the mesh of cach
segmeat. Thus, automatic grid point numbering will make use of
the rMILL generated mesh. The grid points automatically crecated
can be numbered automatically also or they can be numbered man-
ually if desired. When a fine mesh has been created automatic-
ally, the user will have the option to retain all points as grid
points or to s~lect points from the m sh to be saved as giid
points. The nonselected points will not b> saved.

¥*APT Encyclopedia, Programmcrs P~ference Manual, UNTVAC
110¢-1108, Ur4078, rev. 2, pp. 9D-1 through 9D-15.
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When the grid is to be maunually gencrated, the user will have
several alternate methods available for the creation of any grid
p.int. He can position the tracking cross at the desired loca-
tion (it may be necessary to alter the view to accomplish this),
he can use the keyboard to enter ¥, Y, Z coordinates, or he can
enter AX, AY, AZ inc.emeantal vailues. The grid points created
can be numbered in a similar manne¢r by entering the grid point
number or by incrementing by a delta grid point number. Manual
grid point selection will override the mesh established by the
FMILL definition of the region if desired.

Another manual option will be available for grid point definition.
This option will provide the capability to read a file containing
images of NASTRAN GRID cards. The user can delete or modify a
previously created grid point at an)y time during this phase of

processing.

Interrogations of the grid can be made at the completion of the
automatic operation and at any time during the manual grid crea-
tion. Under this control, all grid point numbers can be super-
imposed on the display, or individual grid points can be selected
for interrogation. The user will have the capability to change
the coordinates of any grid point. Another option will be avail-
able which will nermit disrlay of the just completed region, the
previously completed region., and the undivided rezions. The
capability will also exist to create grid points offset inward

ot a prescribed distance along .he normal to the outer surface.
1ne . tiuctural elements now can be defined and numbcred by

associating element types with grid pcints to form the struc-
tural model.  Fiftecen NYSTRAN -'oments will be available for
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use in ISAS. They are CRAR, CONROD, CROD, CTUBE, CQDMEM,
CQDMEM1, CQDMEM2, CQDPLT, CQUAD1l, CQUAD2, CSHEAR, CTRIA1l,
CTRIA2, CTRMEM, and CTRPLT. Refer to the NASTRAN User's
Manual NASA SP-222(01) for a description of these elements.
Again, the user can select automatic or manual element defini-
tion. Automatic element definition will create axial members
ror stringers and quadrilateral panels for surfaces. Beam
elements will be created for the inner surface frames located
at inner mold lines.

Element definitions can be manually entered if desired. The

terminal user will have options available for the creation

of elements and the deletion, modification, and interrogation
of previously defined elements. This procedure will be sim-

ilar to grid point definition; the user can choose to define

some or all structural elements ty reading NASTRAN bulk data

caras.

Another option which can be used to manually create an element
will permit the user to manually select the type of element

from a menu list of the 15 NASTRAN elements to be inciuded

in ISAS. Next, with a light pen, the user will select the nodes
(grid points) necessary to define that element. A visual veri.:-
cation of the successfully defined element will then be displayed
or a message will be displayed informing the user of an error

in the element definition. When the delete option is chosen,

the user will select with the light pen the element to be deleted,
thus causing it to brighten or blink. This element will be
removed fron the structural element list, a 1 its display will

be deleted from the screen. When the modify option is selected,
the user will select with the light pen the element to be modi-
fied, causing its display o brighten or blink, and all informa-
t.on concerning the elemer- will be displayed in a form which
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can be changed by various interactive devices. Thus, the modify
option will also provide a means of interrogating an element.

In order to number the elements during manual creation, the user
can choose to enter the element number as he creates the element
or to enter a delta element number for incrementing from a base

number.

At the completion of automatic element generation or at any time
during manual element generation, the display element option

can be chosen. The display element option will permit display
of cither connected or unconnected nodes and particular element
types either separately or 1in combination. It wiili also permit
the user to select a node and display the e._ments attached to
that node. The procedure will be similar to grid spacing;
options will be provided to display the elements in the just
completed region, in the previously defined region, and the
regions whose elements are undefined. When all regions within
the substructure have been defined, the user can graphically
examine the model, he can go to the procedure for cell (compart-
ment) information entry, or he can choose to proceed to the data

edit phase.

As indicated in the description of the structural option, the
capability will exist to enter cell information as the model 1is
built or as a separate function. When the cell identification
path is chosen, four options will always be available for entering
or changing the cell ID's. They are

e Option 1 — Input the two required cell numbers and a sub-
structure ID number. These cell numbers will then be added
to the appropriate locations for all elements that exist for
that substructure.
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e Option 2 — Input the two required cell numbers and two element
ID numbers. With this input, the function will add the input
cell numbers to all elements that have element ID numbers
between the two and including the two input.

e Option 3 - Input one element ID number and change either or
both of the cell numbers that already exist for that element.

e C» ‘~n 4 — Specify a domain by entering two sets of bounding
Z coordinates or by giving substructure identifications
e two required cell numbers. These cell numbers will
i¢ . be added to the appropriate locations for all elements
that exist for that domain.

The capability will exist for performing any of the preceding
options in any sequence for any number of times during one
execution.

Menu items will be provided to display the element identifica-
tion numbers, the X, Y, Z coordinates of the centroid, and the
two cell numbers for either a selected element or for the entire
substructure or domain. There will be symmetry and nonsymmetry
options, which may be selected as applicable.

4.31.3.1.2 Aerodynamic Model Generation

When the aerodynamic opticn is sclected, the user will identify
the structure and substructure from the Basic Geometry Data Filc.
This will be done as described for the structural option by
entering the appropriste ID's or by specifying a rectangular
+0lid. The portion of the model just described will be dis-

played on the screen.
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The zoom, alter view, and restore options will he provided at
this stage in the processing function and will always be avail-
able during processing.

The user will be asked to specify the model location (fuselage,
wing, vertical tail) of the substructure selected because of

the difference in type of data to be entered and calculations

to be performed. The dialogue will then be slanted toward this
specified portion of the aircraft. For example, if the fuselage
1s selected, the terminal operator will be asked to input the
length (L) and the values of X-reference, Y-reference, and

Z-reference.

As with the struct' . al option, the region that will be worked
will be identified by entering the 1 to 15 character alpha-
numeric recion identification or by using the light pen to
select the region Jirectly from the graphical display. Next,
the operator will be requested to indicate the symmetry status.
If symmetry does not exist or if the user wishes to skip its
definition, the page option will be selected. However, if sym-
metry does exist within the region and this condition 15 to be
used, the symmetry option will be selected. The axis (or axes)
~f symmetry will be specified, causing flags to be set. This
either will activate the mirror image generation of points around
a trace when points frem 0° to 180° are input or will cause the
automatic generation of points when their symmetric counterparts
are defined. The symmetry status can be redefined at any time
during the model generation.

The next step will involve the creation of cutting planes for
the airfoi! definiticas. The cutting planes will be positioned
along t 1t v snecifying the percent of length or percent
of span : s are desired.
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The model definition will continue with the grid point spacing
or gr: . point specification. The user will select a cutting
plane location and then proceed with the grid point creation.
When a cutting plane is selected, the trace of the plane through
the model will be displayed. Grid points will be defined around
the trace, and depending on the model location selected, other
necessary calculations will be made. Two types of traces are
depicted in figure 4.31-2. For the fuselage trace, a polar
coordinate grid can be displayed lightly over the trace if
desired.

The terminal user will have the option of selecting automatic
or manual grid generation. Ile also must identify each segmeant
of the region and indicate the mesh or grid spacing desired for
that segment. The segment will be selected by either entering
its identification number througn the keyboard or by light pen-
ning it on the display.

When the grid is to be automatically generated, the user can
choose from several regular shells of revelution to generate the
desired grid points or he can use the milling machine lofting
routine FMILL from the APT system.* If a shell of revolution
is selected, the user will be led through the keyboard entries
of the necessary dimension and grid spacing specifications.
When the FMILL option is selected, the grid spacing will be
determined by specifying throu~t -he keyboard the number of
rows and columns in the grid ma.rix of the segment. The grid
points automatically created wiil be numbered by using the last
numbered point as a base or by using the keyboard to specify
the starting number for the segment.

. *APT Encyclopedia, Programmers Reference Manual, UNIVAC
1106-1108, UP4078, rev. 2, pp. 9D-1 through 9D-15.
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When the grid is to be manually generated, the user will have
several alternate methods available for the creation of any grid
point. He can position the tracking cross at the desired loca-
tion (it may be necessary to alter the view to accomplish this),
he can use the keyboard to enter X, Y, Z coordinates, or he can
enter AX, AY, AZ incremental values. The grid points created can
be numbered in a similar manner by entering the grid point number
or by incrementing by a delta grid point number. The user can
deletc or modify a previously created grid point at any time

during this phase of processing.

Interrogations of the grid can be made at the completion of the
automatic operation and at any time during the manual grid crea-
tion. Under this control, all grid point numbers can be super-
imposed on the display, or individual grid points can be selected
for interrogation. Light pen selection of a grid point will
cause the grid point to brighten or blink, and its coordinates
and numbe_ will be displayed. Another option will be available
which will permit display of the just completed region, the pre-
viously completed regions, and the regions whose elements are
undefined. The terminal user will have options available for
the creation of airfoil elements and the deletion, modification,
and interrogation of previously defined airfoils. When 11
regions within the substructure have been defined, the user can
grarhica’  reexamine the model, he can go to the data edit
phase, or he can terminate the job.

4.31.3.2 Data Edit Phase

The purpose of the data edit phase of the User Model File Gen
erator function is to display card image files in a tabular
format. This format will permit editing and merging of the
files into one file which can be input to batch resequencing
programs (if desired) and subsequently input to NASTRAN. The
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possible file rombinations which can be involved in the data c¢dit
phase are as follows. All of the files will be written in the
User Model File format.

For a data edit entered from the User Model File Generator,
three conditions can exist.

o The New User Model File without editing will be input to
the resequencing program where a Resequenced User Model Fiie
will be created.

e The New User Model File will be edited forming the Edited/
Merged User Model File which will then be input to the
resequencing program where a Resequenced User Model File
will be created.

e The New User Model File and an 01d User Model File will be
edited and merged to form the Edited/M=rged User Model File
which will then be input to the resequencing program where

a Resequenced User Model File will be created.

In addition, for a data edit entered directly, three conditions
can exist.

e The contents of two previously created User Model Files will
be merged and edited to form the Edited/Merged User Modecl
File which will then be input to the resequencing program
where a Resequenced User Model File will be created.

e An 01d User Model File will be edited forming the Edited/
Merged User Model File which will then be input to the
res2quencing program where a Resequenced User Model File
will be created.

® An 0Old User Model File without editing will be input to
the resequencing program where a Resequenced User Model
File will be created.
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When the data edit phasc is entered from the User Model File
Generator function, the '"new" User Model File name will be auto-
matically retained for the edit activity. When the da‘~ edit
phase is entered directly, the user will be asked to enter the
file name and will be given a display prompting message as
described earlier.

Regardless of the path to this point, the terminal operator will
be asked if there is another or '"old" User Model File he wishes
to merge with the other file. If the responsec is yes, he will
then be asked to enter that file name. Another file name will
be required if updating or merging 1s to rmed, and again,
that name must be entered. The terminal will then
procced with the tabular display and will ¢... the files to form
the desired set of card images. A tabular display of the
updated file can be requested to verify and edit, if necessary,
the merged file. The user will select the paging option when

iie 1s ready to proceed. Next the terminal will be used to enter
tk2 name of the resequencing batch program to be used and to
enter any other cards needed for the batch run. Another file

to contain the output from the batch program must be identified
by file name in the same manner. The batch run will then be
entered in the computer backlog, and the interactive terminal
scssior will be ended.

4.31.4 OUTPUT

The primary cutput from this function will be the User Model File
and the graphical displays required for the construction and
validation of the file. The contents of the file and the dis-
plays are discussed in section 4.31.5. A detailed descrip-

tion of the file can be found in the appendix of this document.
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R versus ¢ at X/L

(
N

For fuselage bodies, plot R versus ¢ in polar coordinates
at X/L.

+Y, +Z
Y or Z versus X/C
at Z/u or Y/L
.Pe . X [ C
-Y’ -7

For the wing or vertical tail (and body flap),\plot Y versus
X/C at Z/L or Z versus X/C at Y/L. Both surfaces must be
plotted.

Figure 4.31-2. - Saiple traces.
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4,32 MODEL WEIGHT FILE GENERATOR

4.32.1 PURPOSE

This function will create a file containing the weight at each
structural model grid point for use in structural design and
analysis problems. In addition, this function will construct a
temporary Mudel Weight File containing the weight and center of
gravity for model subsystems or substructures. Information from
this temporary Model Weight File will be used for comparing the
structural model weights and the Basic Weight File weights. In
addition, a Running Weight File can be created using the Model
Weight File. Figure 4.32-1 is a data flow diagram for the Model
Weight File Generator.

4.32.2 INPUT

The input data required by this function will be obtained from
the User Model File, the Model Material File the Basic Weight
File (optional), and interactive terminal entries as needed to
develop and verify the structural definition when the Model
Weight File is generated. The input will consist of:

e Node numbers, coordinates of each node, and element type
from the User Model File

e Nonstructural weights and coordinates of each weight point
from the Basic Weight File

¢ Material density from the Model Material File

o Either keyboard or display-selectable terminal input

4.32.3 PROCESSING

Processing will consist of three major categories (generation of
Model Weight File, generation of Running Weight File, data edit
phase) each of which will be composed of a number of subprocesses.
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The generation of the Model Weight File will include the following
subprocesses:

® Selecting and assigning structural weights to the grid points
of the model

® Subtotaling weights and calculating the center of gravity by
subsystem, substructure, etc., to the lowest identifiable part

& Making comparisons of weight from the Model Weight File (total
model structure weight and/or subsection structural weight)
with the corresponding weight from the Basic Weight File

e Adding discrete nonstructural weights to the grid point weight
to yield the final Model Weight File

The generation of the Running Weight File will include:

o Determining the discrete weights that will not be added to the
grid point weights

e Calculating the distributed (or running) weight

The data edit phase will include:
e Tabular display

® Graphics

Visual displays or menus are to be provided which will 1lead the
user through the processing function.

4.32.3.1 Generation of Model Weight Tile

The Model Weight File generated by this function will contain the
following:

e Structural model grid point numbers

e Coordinates of each grid point
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e Weight at each grid point, identified as coming from the Basic
Weight File or calculated from data from the Model Material
File and Element Property File

o Center of gravity of the structural model

® Mass matrix (6 x 6) for each grid point, which will include
the nine mass moments of inertia terms (Calculating the mass
matrix will be an option for the terminal user when processing.)

The first step in the processing will be to identify, by name, the
files associated with the Model Weight File generation. The file
names should be entered from the terminal as they are needed and
requested by the display. Each file name should be checked by the
EXEC 8 system, and if any file names are not present in the file
directory, the terminal user will be informed and given the option
of reentering the name or terminating the job. Processing cannot
continue until valid file names are entered for the required files.

From the User Model Fi’e, the grid point number and grid point
coordinates must be extracted. The Model Material File will con-
tain the type of element connecting the model grid points and

the element density. Additionally, nonstructural weights and
coordinates of each weight point can be obtained from the Basic
Weight File. 1Inclusion of the weights from the Basic Weight File
will be optional, and the terminal user will be able to bypass
the Basic Weight File input.

When valid file names have been entered, the terminal user will

be given the choice of entering the mass moment of inertia terms
about the grid points. If the user chooses to enter the terms,
the display shou.1 provide for entering the grid points and the
mass moments of inertia. The number of grid points wili be suffi-
ciently large in most instances, so that a total mass matrix and a
total mass moment of inertia can be computed from the grid point
weights.
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At this time, the terminal user should be able to associate the
model grid points with the mass grid points. Since each weight
from the Basic Weight File will be stored with its coordinates

as is each grid point in the User Model File, it will be necessary
to assign weights to the grid points of the model. This should
be done by linear interpolation or arbitrary assignment by the
user. If linear interpolation is chosen, the user must designate
the three adjoining grid points for the weights (on inspection of
the modei), and the weight will then be linearly distributed among
the points (see Linear Interpolation section for the description
of the method that should be used)., If arbitrary assignment is
chosen, the grid point number and Cartesian coordinates should be
displayed, so that the user can divide the weight arbitrarily

from the terminal.

After the weights have been assigned, a temporary Model Weight
File should contain the model grid point number, grid point
Cartesian coordinates, and interpolated weights (a 6 x 1 vector
for each grid point).

Next, the terminal user should be able to display the temporary
Model Weight File card images for inspection and modification.
The user can input from the terminal the subtotal calculations
that should be made. The subtotals and center of gravity can be
calculated for any or all subsystems and substructures, etc., to
the lowest identifiable part. The subtotals should be calculated
for data in the temporary Model Weight File (just created) and
the Basic Weight File (if selected) and should be stored in a
temporary data file. The terminal user can request displays of
this temporary data file for comparison of subtotals between the
tempcrary Model Weight File and the Basic Weight File. If weight
comparisons are not satisfactory, the user will be given the
options of rebuilding or changing the Model Weight File or ter-
minating the job.
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When the comparison is satisfactory, the next process of adding

a discrete or nonstructural weight to yield the final Modcl Weight
File can be initiated. The terminal user will request that the
nonstructural weights and their location coordinates from the
Basic Weight File be loaded into the Model Weight File. The user
can also request that the mass matrix be calculated by dividing
the Model Weight File by the gravitational constant. (See the
description of the method for deriving the mass matrix in sec-
tion 4.32.3.4.) Modeling requirements exist in which the mass
will not be equal for all coordinate directions per mass point
because of structural considerations. Therefore, the terminal
user can make arbitrary assignment of the mass for the affected
coordinate direction. Then this artibrary assignment of mass
shenld ve entered into the Model Weight File.

After adding the nonstructural weights and calculating the mass
matrix, all required data for the Model Weight File will be avail-
able. The user should be able to have the file displayed at the
terminal. The capability should exist for displaying the mass
matrix; also, the vector representing the weight at the model
grid points can be displayed at the terminal by referencing the
grid point.

4.32.3.2 Processing the Running Weight File

Calculation of the Running Weight File will be an optional proce-
dure for the system user. If the file is to be created, the user
will have the option of inputting all of the data or having the
system that builds the Running Weight File use data from the Basic
Weight File and the structural weight part of the temporary Model
Weight File.

In the calculation of running weights, discrete weights of signif-
icant magnitude representing nonstructural masses cannot be appor-
tioned to the grid points. instead, they can be moved in an
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orthogonal manner to a line of reference. The user will he
requested to make this choice.

The next phase will be the calculation of the distributed or
running weight. The structural weight and insignificant no.-
structural discrete weights will be converted to a distributed
weight along the reference line. Some nonstructural weight of
significant magnitude will become a distributed or running weight
after first being assigned to a grid point.

Two types of records for each of the substructures considered
should be available on the file and for display. The discrete
weights will be recorded vis-a-vis their Cartesian coordinates,
while the running weight will be recorded in pounds per inch
along with the Cartesian coordinates of the terminal points
which will define the range of the reference line over which
the loading applies. Terminal input shculd include the total
reference line range and orientation with the initial entry of
model weight data.

4.32.3.3 Linear Interpolation of the Basic Weight File

The division of the weights among three grid points will be
accomplished by the use of area coordinates. The weight to be
distributed is assumed to be in the plane of the three points
(L, M, N). Lines connecting the three points will form a tri-
angle of area A. Three lines drawn from the weight W to the
apexes of triangle A will subdivide the triangle into three
smaller triangles (1, m, n). The area of a triangle will be
equal to one-half of the magnitude of the vector defined by the
cross product of two of its sides.
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2T

The first step will be to calculate the coordinates Xw, Yo,
and EW from the points of interest Xw’ Yw’ «nd Zw (Xw, Y,
and z, lie in the plane LMN).

W W W W woTw (1)

The variables a, b, and ¢ will be directional numbers from the
equation of the plane LMN:

a(x - xL) + b(y - yL) + ¢(z - zL) =0

or

ax + by + cz = d (2)

Solving (1) explicitly for ?ﬁ and 7& as functions of 7w ,

will yield

- _ a
Xo = E(Yﬁ ) Yw) * X

. and I = §-(Y - Y,) vz,

w w

Substituting f& and 2@ into (2) will yield
a c -
a[E(Yﬁ i Yw) ¥ xw] + bY, ¢ C[E(Yﬁ ' Yw) * Zw] d

?w(g + b+ %3) . a(xw - %Yw) . c:(zw - §Yw) = d

7 = d + a(%Yw j Xw) * c(§¥w - Zw)
w a2 CZ)
(B—*b*r
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w (82 + bZ N 62
Similarly,

. (bz + c-)xw - a(bY .z, - d)

w (aZ v b2 + ‘2) -
and

7 = ( ‘bZ)Zw ( * bY - d)
TNy

The coordinates Yﬁ, YQ, and ZQ in the plane LMN will be used
for the definition: of the vectors WL, WN, and WM .

The cross product of two vectors (A x B) can be defined in
determinant form as

where i, j, and k are unit vectors. The magnitude of the

resulting vector will be twice the area of a triangle, two sides

of which are A and B. Thus, linear distribution of a quantity
can be easily accomplished given the Cartesian coordinates of
the grid point and the point of int.rest.

2A = ,TM x IN!

2m = |WN x WL
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area of triangle LMN

- XL)i + (Y_ - YL)j + (Z_ - ZL)k

#
o~
e

A

rﬁ m m m

IN = (X - Xi+ (Y - Yp)i + (Zy - Z,)k
W= (X, - xi o+ (T, - Y5+ (T, - Z)k
W= (X, - Xi+ (T, - Yi+ (T, - Ik
™ = (X, - X )i+ (T, - Y5+ (T, - Z,)k

The weight W will be distributed to the three grid points
N, L, and M as follows:

. i}
Wy = a¥
2
W= g¥
Wy = Z¥

The interpolated value for W wi'l be

WLl + WMm + wNn

W= A
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4.32.3.4 Derivation of Mass Matrix for Each Grid Point

The mass properties per grid point about some reference point
or the mass center of gravity will be

1 ollm ollr XT

x 1llo ofllo 1
Mm ofllr «xT M MX?
x ollo 1 | xM xMx?

Or in expanded notation, the mass properties per grid point
will be

Mx 0 0 0 ZMx -YMx
0 - XM
My 0 ZMy 0 .
0 0 Mz YMz -XMz 0
0 -ZMy YMz Ixx Ixy Ixz
ZMx 0 -XMz Ixy Iyy Iyz
_-YMx XMy 0 Ixz Iyz Izz—
where
_ 22 2
Iex = 2 My tyM,
_ .2 2
Iyy = Z Mx + X Mz
2
Izz =y Mx + x"M
Ixy = -xyMz
Ixz = -szy
Iyz = -szx
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Coordinate distances from mass points to the center of total
mass of the structure will be X, Y, and Z.

\

Cy . A _
5%y B (inertial coordinate system)
! + Y

-I,lne
\s\
;‘\\

XD____ (reference line coordinate sy‘é‘tém)
X5 XJ., Yio Yj’ Z;, and Zj will be
# Z measured in this system
- ‘op O . A 0 T . I O
OF 1o 0 A I
OF X
(6 x 6) (6 x 6) (6 x 6)
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where

AOF — direction cosines of inertial and reference line coor-
dinate systems

A — direction cosines of vehicle and reference line coordinate
systems
I — unit matrix
0 - null matrix
0 -(Zj - Zi) (Yj - Yi)
X - (Zj - Zi) 0 -(xj - xi)
-(Yj - Yi) (xj - xi) 0

4.32.4 OUTPUT

The primary output from this function will be the Model Weight
File. In addition, the Running Weight File will '~ an optional
oytput file.

The user can request output (tabulations and displays) as the
files are being created.
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Figure 4.32-1. — Data flow diagram for Model Weight
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4.33 VENTING ANALYSIS
4.33.1  PURPOSE

This function will be used to provide remote terminal displays
(tabulations and graphics) of data retrieved from the C_ at
Required Points File and the VADIC Output File. The standard
feature of data editing should also be provided in this function.
Figure 4.33-1 is a data flow diagram of the Venting Analysis
function.

4.33.2 INPUT

The only two files input to this demand function zre the C_ at
Required Points File and the VADIC Output File (see the appendix).
Some manual input at the remote terminal will be required in
order to control the function and to edit the data. The batch
program which will be used in conjunction with this function will
obtain data from the Standard Atmosphere File and the Trajectory
Data File. However, no capability is required of the demand
function in respect to these files.

4.33.3 PROCESSING

The only processing required of this function will be the con-
struction of displays for the remote terminal (see section 4.33.4).
No calculations will be performed, znd no data files will be
created.

4.33.4 OUTPUT

The display capability described in the section for the Aero-
dynamic Data Base Generator will be required for the Cp at
Required Points File. An additional three types of tabulation
are required. For the case where one Mach number, a few angles
of attack (a), and several angles of sideslip (B) exist, the
pressure coefficients will be tabulated as shown in figure 4.33-2.
If additional pages are required in order to have columns for
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the different angles of sideslip, they should be in the same
format. The reverse case will also exist where there are only
two or three angles of sideslip and many angles of attack.

In this event, the data should be tabulated in the format shown
by figure 4.33-3. The third type of tabulation (figure 4.33-4)
will be used when there are only one or two angles of attack and
angles of sideslip but several Mach numbers.

Three types of graphical displays are required for data extracted
from the C_ at Required Points File. Figure 4.33-5 shows an
example of the first plot type. At a given X station, angular
position on fuselage about X axis (¢), and angle of sideslip, the
interpolated pressure coefficients (C_ ) will be plotted versus
Mach number. All data for all angles of attack should be plotted.

The second type will be similar to the first except that Cp will
be plotted versus X vehicle station for a specified Mach number,
angle of sideslip, and ¢ . An example of this type of plot is
shown in figure 4.33-6. A plot of the vehicle at the given ¢
is also shown at the bottom of the plot.

For the third type of plot, the vehicle cross section at a given
X station will be plotted surrounded by a plot of the pressure
coefficients at all values for ¢ . Also, a reference guide for
C,. equals zero should be plotted about the cross section.

Figure 4.33-7 shows an example of this plot type.

All plots required of data from the VADIC Output Data File will
conform to the example shown in figure 4.33-8. These plots will
be either ambient pressure (P_), dynamic pressure (q), or cell
pressure plotted versus time.

Tabulation displays will be generated in one of two formats for
data from the VADIC Output File. Figure 4.33-9 is the first
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type, and it shows how dynamic pressure and ambient pressure

should be tabulated versus time. The second format

(figure 4.33-10) should be used when cell (compartment) pressure
is tabulated versus time.
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] Figure 4.33-1. — Data flow diagram for Venting Analysis.
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TITLE

MACH NUMBER = XX.X ALPHA = XX.XX
STATION BETA = X.X BETA = X.X BETA = X.X
X Y 4 Cp Cp Cp
Figure 4.33-2. — Example tabulation of pressure coefficients

for several angles of sideslip.

TITLE
MACH NUMBER = XX.X BETA = XX.XX
STATION ALPHA = X.X ALPHA = X.X ALPHA = X.X
X Y z Cp Cp Cp
Figure 4.33-3. — Example tabulation of pressure coefficients

for many angles of attack.
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Cray, ¢

TITLE

ALPHA = XX.X BETA = XX.X
STAT10N MACH = X.X MACH = X.X MACH = X.X
X Y A Cp Cp Cp

Figure 4.33-4. — Example tabulation of pressure coefficients
for several Mach numbers.



TITLE

1
2
0
3
MACH
ALPHA 1 = XX.XX BETA =
ALPHA 2 = XX.X DELTA E =
ALPHA 3 = XX.X DELTA R =
STATION =

X FOR FUSELAGL, Y FOR WING, Z FOR TAIL* =

SECOND DIMENSIOM VARIABLE = i
¢ FOR FUSELAGE, X/Cw FOR WING, )(/Cv FOR TAIL* =

*The user will have indicated to the program which part
(fuselage, wing, or tail) of the vehicle is being studied.

Figure 4.33-5. —~ Example of plot for pressure versus Mach.
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TITLE-

L .

FIRST DIMENSION VARIABLF*

ALPHA 1 = XX.X DRAWING OF THE VEHICLE

ALPHA 2 = XX.X AT THE PARTICULAR VALUE
OF THE SECOND DIMENSION

fLPHA 3 = XX.X VARIABLE-{-

MACH = XXX

BETA = XXX

DELTA E = XX

DELTA R = XX

PHI = XX.X

*First dimension variable (station) = X for fuselage,
Y for wing, and Z for tai:l.

*Second dimension variable = ¢ for Tuselage, X/Cw for
wing, and X/C, for tail.

The user will have indica;ed‘to the program which part

(fuselage, wing, or tail) is being studied and the correct
dimension variable will be used.

Figure 4.33-6. — Example of plot for pressure versu:
X vehicle station.
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TITLE

VEHICLE DESCRIPTION
AT THE X STATION

\\~-‘- ’.’/’

‘==“(I =0

P

X STATIUN = MACH = ALPHA = BETA =
(IF FUSELAGE)
Y STATION = TIME = DELTA E =
(IF WING)
Z STATION =
(IF TAIL)
Figure 4.33-7. — Example of piot for vehicle cross s .tion

at a given X station.
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PRESSURE* '

TITLE

Y+N

X X+M

TIME

*The pressure plotted against time may be either:
(1) Dynamic pressure (q)
(2) Ambient pressure (p.)

(3) Cell pressure (one plot per cell); if cell pressure,
cell numbers or cell names will be displayed.

Figure 4.33-8. - ' plot for pressure versus time.
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TITLE

TIME DYNAMIC AMBIENT
PRESSURE PRESSURE

. - -
- . -

Figure 4.33-9. — VADIC output data.

TITLE
TIME =
CELL CELL CELL CELL
NUMBER PRESSULE NUMBER PRESSURE
Figure 4.33-10. — Tabulation format for cell pressure

versus time,
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S. PERFORMANCE REQUIREMENTS

S.1 RESPONSE TIME

Response time is defined to be the interval between the start of
an event and the system respcnse to that event. The start of an
event is defined as the completion of the last user-required task
that elicits a response, and the end of an event is the comple-
tion of the response by the system. The following list of struc-
tural displays defines the necessary interaction (required by
ISAS) with specific response time requirements and estimates of
percent usage for each display type.

Response Time and Usage Display Type

/ e Character dispiays

e Vector (line between two points)
e Translation of displayed objects
e Rotation of displayed objects

® Zoom into/out of displayed

Less than 1 second each,

eighty-percent usage <
structures

® Point detection when selected by

light pen

e Point detection when selected by
\ tracking cross

¢ Minimum configuration displays
(less than 1000 points)

Less than 4 seconds each,

fifteen-percent usage ® Average configuration displays

(less than 3000 points)

® Plots

Less than 10 seconds,

two-percent usage ¢ llardcopy
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Less than 20 seconds,

e Maximum conf pgu.otion displars
one-percent usage sU pla

(less than 10,000 points)

e Not considered conversational
interaction
Greater than 20 seconds ® Scme complex task may require
each, two-percent usage this amount of time; however, the
system must give some indication

that the task is being perforwm_d.

5.2 AVAILABILITY

For the normal modec of operation, ISAS requires the availability
of the interactive graphics system for 8 hours per day during the
prime shift. Also, this hardware is required on a rcpular basis
for 4 or morc¢ hours per day during the nonprime shift. The
UNIVAC 1110 to Adagc communication link must be available at all
times when the graphics hardware is in use. An additional line
will be required to drive a teletype compatible CRT located in
Building 13.

It is estimated that the ISAS development will require approxi-
mately 1 standard unit of processing (S'IP) hour per week. When
ISAS reaches a productional state, the computer time requirement
could reach 20 SUP hours per week. The computer time requirement is
reflected in the Fngineering and Develonment Nirectorates comnuter
resource requirements.

All of the data required by ISAS could approach 60 to 75 million
words of mass storage. However, since the Space Shuttle analysis
will be phased, it is reasonable to estimate that only 22 millior
words will be required to reside in mass storage at any one tire.

5.3 STABILITY/RELIABILITY

The stability of the UNIVAC 1110 must be maintained for a period
greater than 8 hours between failures during the prime shift. Due
to the size of the analysis to be performed, any less stability
would be considered unreliable. The maximum duration for a Uniac
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1110 failure must not exceed 4 hours in order to not .ff>ct the
ISAS project. The stability of the interactive graphics system
should be equal or better than the UNIVAC 1110. Corrective action
must be initiated within 24 hours of any Adage hardware pi.’ 1'm
detection. The Scientific Computing Branch (FD3) is responsible
for monitoring the A-ge hardware maintenance for the ISi.5 Adage
System. ISAS will be designed so that it will operate on either

Adage GS340 systenm.

5.4 HUMAN FACTORS

The system must be designed in such a manner that the user neced
not be a data processing expert. The system should not require
the user to make frequent reference to literature such as an
ISAS User's Guide or the EXEC 8 Reference Manual.

The user will control the operation of ISAS via a remote inter-
active terminal equipped with a high resolution graphics display.
This control will include recalling data from storage, loading
the applications programs into the host computer, retrieving the
output from the host computer, displaying the data in various
ways, and the capability of adding, deleting or modifying the
parameters used in the thermal analysis programs.
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6. IMPLEMENTATION

6.1 DATA BASE ESTABLISHMENT

The technical content, structure, source, and other information
about the data files which comprise the data base are described

in the appendix. The files are arranged alphabetically and are
designed to provide data to all users and reduce the time required
to retrieve any data segment. Common data storage and retrieval
routines w.ll be developed for data files which are, used by one
ISAS function.

6.2 OPERATIONAL STAGES

All of the ISAS functions described in this document will be
developed as a single operating system. However, each function
will be developed, tested, and made available to the user as it
is completed. When all functions have been completed, the total
system will undergo integrated testing and then be officially
released.

6-1
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APPEND1X - FILE DESCRIPTIONS

‘File

ACE DATA FILE. . . . . . .
ACE OUTPUT DATA FILE . . .
AERODYNAMIC DATA BASE. . .
AERODYNAMIC DATA FILE. . .

AERODYNAMIC INFLUENCE COEFFICIENTS

AEROELASTICITY DATA BASE .

.

CONTENTS

FILE. . . .

AEROELASTICITY INFLUENCE COEFFICIENTS FILE .

AIRCRAFT PLOT DATA FILE.
BASIC DATA FILE. . . . . .
BASIC GEOMETRY DATA FILE .

BASIC STRUCTURAL DIMENSIONS FILE .

BASIC WEIGHT FILE.

.

BATCH FLIGHT CONDITIONS FILE .

BODY LOADS FILE.

BOOST AND AIRCRAFT FLIGHT CONDITIONS

BOOST PLOT DATA FILE .
COMBINED DATA FILE .

COMPRESSED AERODYNAMIC FORCES AND CONDITIONS FILE.

Cp AT REQUIRED POINTS FILE .

ELEMENT PROPERTY FILE.
EXTERNAL PRESSURE FILE .
FATIGUE INPUT DATA FILE.

FILE.

Page
A-1

A-2

A-5S

A-17
A-19
A-20
A-21
A-22
A-24
A-25
A-32
A-33
A-34
A-39
A-44
A-45
A-46
A-47
A-53
A-54
A-55
A-58



File

FATIGUE OUTPUT DATA FILE . . . . . . . .
FATIGUE SPECTRAL DATA FILE .

FEEDLINE MODAL DATA FILE . . . . . .
FORCE COEFFICIENT DATA FILE. . . . . .
FORCE COEFFICIENT FILE . . . . . . . .
GUST INPUT FILE. . . . . . . . « . . .
iNPUT FL1GHT CONDITIONS FILE .

INTERIM AERODYNAMIC DATA FILE.

INTERIM PROPERTIES AND ALLOWABLES FILE .
INTERIM SADSAC DATA FILE .

INTERMEDIATE MODEL WEIGHT FILE .
INTERPOLATED CONTROL POINT FILE.
INTERPOLATED STKUCTURAL DATA FILE.

ISAS FLIGHT CONDITIONS FILE.

LIFTING SURFACE FLUTTER INPUT FILE .
LIFTING SURFACE FLUTTER OUTPUT FILE.

LINEAR SYSTEMS DYNAMICS PROGRAM OUTPUT FILE.

LOAD COEFFICIENT DATA FILE .

LOAD COEFFICTENT NAMELIST INPUT DATA FILE.
LOAD INPUT DATA FILE .

LOAD OUTPUT FILE .

MASS/GRID/MODAL EILE .

MATERIAL DATA FILE .

MAXTMUM LOADS DATA FILE.

MERGED FLIGHT CONDITIONS FILE.

A-ii

Page
A-59
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A-61
A-62
A-72
A-74
A-75
A-76
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A-83
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A-100
A-101
A-106
A-107
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A-109
A-110



File
MODEL LOADS FILE . . & .+ & v v ¢ o o « o & &
MODEL MATERIAL FILE. . . . . . ¢« . ¢« & « « .

MODEL TEMPERATURE FILE . . . . . . « . « . . .
MODEL WEIGHT FILE. . . . . . . . . .

MODIFIED BODY LOADS FILE . . . . . . . . . .
MOVIE INPUT FILE . . . . . « « . . ¢« « . . .
NAPSAP OUTPUT DATA FILE. . . . . . . . . .
NASTRAN INPUT LOADS FILE . . . . . . . . . . .
NASTRAN OUTPUT-2 FILE. . . . . . . . . ¢« « ¢
NASTRAN SORTED DATA FILE . . . . . . . . . . .
PANEL FLUTTER INPUT FILE . . . . . . . . . . .
PANEL FLUTTER OUTPUT FILE. . . . . . . . .
RESPONSE OUTPUT FILE . . . . . . . . . . .

RUNNING WEIGHT FILE.

RUNSTREAM INPUT FILE .

SADSAC TAPE.

SCRIBL OUTPUT FILE . . . . . . . . . .

SECTION PRCTERTIES AND ALLOWABLES FILE .
SELECTED MODAL DATA FILE . . . . . . . . . . .
SKIN FRICTION DATA FILE. . . . . . . . . . . .
STANDARD ATMOSPHERE FILE . . . . . . . . . . .
STATIC AERODYNAMIC INFLUENCE COEFFICIENTS FILE .

STATIC AEROELASTICITY FORCE CCEFFICIENT DATA FILE.

STATIC AEROELASTICITY INPUT FILE . . .
STATIC AEROELASTICITY OUTPUT FILE.

A-iii

.
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A-111
A-113
A-114
A-115
A-117
A-118
A-119
A-120
A-123
A-125
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File
STIFFNESS, MASS, AND MODES FILE. . . . . .
STRESS DATA FILE . . . . . . . . . .

STRUCTURAL ALLOWABLE DATA FILE .
STRUCTURAL INFLUENCE COEFFICIENTS FILE .
TEMPERATURE DATA FILE. . . . . . . . . . .
TEMPORARY MODEL WEIGHT FILE.

TRAJECTORY DATA FILE .

TRANSFORM EQUATIONS FILE .

TURBULENCE SPECTRA FILE.

UNSTEADY ALERODYNAMIC GENERALIZED FORCES FILE .

UNSTEADY AERODYNAMIC INPUT FILE.

UNSTEADY AERODYNAMIC OUTPUT FILE .
UNSTEADY FLUTTER GENERALIZED FORCES FILE .
UNSTEADY GUST GENERALIZED FORCES FILE.
USER MODAL FILE.

USER MODEL FILE.

VADIC OUTPUT FILE.

WINDS ALOFT DATA FILE.
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A-164
A-165
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A-168
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A-171
A-172
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A-174
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ACE OUTPUT DATA FILE

GENERAL

This data file will contain calculated pressure coefficients (Cp)
for area panel control peints on the vehicle.

Type of interface: 1

Interface medium: Tape

Output method: FORTRAN unformatted write

Created by: Analytic Pressure Distribution (ACE) Program
Modified by: None

Used by: Aerodynamic Data Base Generator and ISAS

ACE display

PURPOSE OF INTERFACE

Due to various problems or time restraints, pressure coefficients
for a certain flight or other conditions cannot be obtained from
the wind tunnel test (SADSAC). Under these conditions, the
program ACE will be wsed to generate the data, and this file

will be output for ISAS.

CONFIGURATION CONSTRAINTS

All records shown in the format will be logical records and may
contain one or more physical records. Each physical record will
have the following format:

e One FORTRAN control word
@ From 1 to 249 data words

e Two FORTRAN control words
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ACE OUTPUT DATA FILE - Continued

FORMAT
Typ - Description
Logical 24
Rec?rd datg A A 144 character alphanumeric title
words
Logical 1 <
Integer number of wing panels (NWING) on one wing
Recgrd :::: I surface (upper or lowerg. maximum = 200
kgg;ggl gztic 1 ID numbers of the panelc (and control points) for
3 words the upper wing sviface
k:g;igl gxizc I ID numbers of the panels (anl control points) for
4 words the lower wing surface
2~ ®
kgg;isl ngggNG R Percent chord location and percent span location
5 words for each control point
i ®
;:5;?31 6d2¥:NG D Cartesiar coordiinates (X, Y, and Z) of each centrol
6 words point
R Locution of first control point frcem the root chord
R Location of first control point from the leading
edge
Spare
Srare N
Logical 4*NWING .
Record data .
7 words .
R Location of NWINGth control point from the root
chord
R Location of NWINGth control point from the leading
edge
g - —f
Spare
Spare
,
wo:d R Mach number
Lox | val 1 R Angle of attack if run for wing, zerv if run for
RIC d tail
Record 8 € wor
1 R Llovon deflection if run for wing, zero if run for
word tail
1 R Rudder deflection if run for tail, :zero if run for
word wing
RIGINAS:
OF poog - PAGE I3
QUaLITY




FORMAT — Concluded

ACE OUTPUT DATA FILE — Concluded

Logical
Record 8
(conc.)

Logical
Record
9

Logical
Record
10

[

1%

word

word

word

word

word

word

words

word

“ord

word

NWING
words

NWING
we is

words

Description

Drag coefficient for tail or wing

Lift coefficient if run for wing, zero if vun for
tail

Lateral force coefficient if run for tail, zero
if for wing run

Spare

Pitch moment coefficient if run for wing, ze1s if
run for tail.

Yaw moment coefficient if rumn for tail, zero if
for wing

Spare

X-location reference for pitch moment if run for
wing, zero if run for tail

Spare

Yaw moment coefficient reference X-location if run
for tail, zero if run for wing

Pressure coefficients on each upper wing (left
tail) panel

Pressure coefficients on each lower wing (right
tail) panel

Logical records 8 through 10 for other sets of
aerodynamic conditions

Six words containing six Fieldata 9's to
indicate end-of-data
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AERODYNAMIC DATA BASE

GENERAL

This file will contain the geometry information describing the
standard set of grid points and pressure coefficients at each
of the grid points for all the aerodynamic flight conditions
tested in wind tunnels.

Type of interface: III

Interface medium: Random access mass storage

Output method: NTRAN, a UNIVAC Systems buffered input/output
routine

Created by: Aerodynamic Data Base Generator

Modified by: Aerodynamic Loads, Venting Analysis, Boost

Flight Conditions, Aircraft ¥light Conditions,
Landing Flight Conditions, Two-Body Separa-
tion, and Three-Body Separation

PURPOSE OF INTERFACE

This file will provide a central storage area for the pressure
coefficients. The data stored in the file will have been vali-
dated previously and distributed over a standard model. Through
the use of this file, all users will be assured of obtaining con-
trolled quality data.

CONFIGURATION CONSTRAINTS

e Data for a aaximum of four configurations can be contained
in the data bace at any one time.

e No configuration can have more than 15,000 sets of data in
the data base at one time. However, due to mass storage
requirements, the actual number should be maintained at a
much lower limit.



AERODYNAMIC DATA BASE - Continued

CC:. GURATION CONSTRAINTS — Continued

® A configuration can have a maximum of 30 sections, and the

same sections must be present for each set of flight condi-
tions. (For a given flight condition, the refereace data
array, parameter data array, and data set creation date will
apply for all sections.)

The grid points for a given section of a configuration will
be the same for each flight condition (each data set).

The first and second dimension variable name for a given
section will not change.

The number of retrieval parameters, which will be contained
on the data base, must be a minimum of 3 and a maximum of 15.

The first three retrieval parameters must be Mach, angle of
attack (a), and angle of sideslip (B), in this order. The
remaining retrieval parameters will be variable

The maximum number of unique values for each of the retrieval
parameters for a configuration will be:

Retrieval Parameter Maximum

1 (Mach) 31
2 (a) 31
3 (8) 15
15
15
15
15
15
15
15
15

- O W o N v &

e
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AERODYNAMIC DATA BASE — Continued

CONFIGURATION CONSTRAINTS — Continued

Retrieval Parameter Maximum
12 15
13 15
14 15
15 7
e The retrieval parameters must be the same for all configura-
tions in the data base.
° » retrieval parameter tables will contain the unique values
2ach measurement. For example, if the angle of attack
two sets of data is equal to 1.5, the angle of attack
tao - (second retrieval parameter table) will contain only
one value of 1.5.
e The coded index will be two 36-bit words which will be used

to identify a set of data for a specific set of retrieval
parameters. The words will contain pointers to the location
of the real values of each of the retrieval parameters,

the number of reference measurements, and the number of

parameters. The format for the coded index will be:
1 -6 71 12-1% 10-19 20-23 24-27 28-31 32-38 36
4th re- Sth re- Gth re- 7th re- 8th re-
Farst | o | vach An.gle of :nhgl::l:f trieval trieval |trieval [trieval |trieval 5
tack p |parameter parsmeter
word index | index | index = |index ol | st | ot | e
e
b 2-5 ) 6-9 10-13 13-17 18-21 22-2% 26-28 9-32 33-36
Number
Second 9th re- 10th re- |lith re- |12th re- |13th re- |14th re- JiSth re- nfcn:: Nmber of
word | 0 [trievel trieval trieval trieval trieval | trieval [trieval - [pars-
paraketer |parameter |parameter |parameter | parsmeter | parsmeter jparameter ts moters
index ndex index i index index index (NREF) (NPR)
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AERODYNAMIC DATA BASE — Continued

CONFIGURATION CONSTRAINTS — Continued

e When the coded index is being used to identify data for a
retrieve, only bits 2 through 23 and 33 through 36 of the
first word and bits 1 through 36 of the second word will be
used. Bits 24 through 31 (number of reference measurements
and number of parameters) of the first word will be used to
determine the number of words in the Reference and Parameter
Block and will be placed in the word as the data base is con-
structed. 8it 32 of the first word will be reserved for
internal use by the Aerodynamic Data Base Generator as an
update flag.

e The index reference table of the Configuration Data Block
will contain the first coded index of each Block Index Record.
This table will be used to determine which Block Index Record
1s to be read, snd the starting sector number will be obtained
from the sector address table.

e In order to retrieve a set of data, the following procedure
will be used:

a. The configuration identifier and the specified values for
the retrieval parameters will be obtained from the user.

b. The header block will be read, and the address of the
required Configuration Data Block will be determined.

c¢. The Configuration Data Block will be read, the coded index
will be constructed, and the address of the Block Index
Record will be determined.

d. The Block Index Record will be read, and the address of
the required Pressure Coefiicient Data Block will be found.

e. The required Pressure Coefficient Data Block, Reference
and Parameter Block, and Section Identification Block
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AERODYNAMIC DATA BASE — Continued

CONFIGURATION CONSTRAINTS — Concluded

will be read. (The sector address of the Section
Identification Block will be contained in the Configura-
tion Data Block.)

e Four measurements that will be a part of the reference data
array are reference area, reference chord, reference diameter,
and reference length.

e All nonused words will contain a negative zero (all bits on).

e In the Block Index Records, the sector number for a specific
coded index word will point to the start of the Reference and
Parameter Block. The C_ data for the sections will follow
immediately behind this block.

e All data blocks will start with the first word of a sector.

e When data for a configuration is to be placed in the data
base, the total number of sections that will exist f{or that
configuration must be supplied to the generating program.



AERODYNAMIC DATA BASE — Continued

"Ihe number of spare words (X) = 56 - 2 - 2*NRET.

ORIGINAL P GE IS
OF POOR QUALITY

A-10

FORMAT
Type Description
'
24 A 144 characters of any information which can be
words used to identify the data file
A Configuration identifier for first configuration
Sector address of first | Number of words (NWRD)
Configuration Data in first Configuration
H 1d Block Data Block
eader = py
Block 9 8 1-18 19-36
words . :
Configuration identifier for last configuration
Sector address of last | NWRD in last Config-
Configuration Data uration Data Block
Block
\ 1-18 19-36
24
words Spare
r . K
1 .
word Sector address of first unused sector
1 Number of retrieval parameters (NRET) used in this
word data file, minimum = 3, maximum = i$
First six characters of identification of the
first retrieval parameter
Second six characters of identification of the
J first retrieval parameter
2
sectors 2ONRET .
words :
First six characters of identification of retricval
parameter number NRET
Second six characters of identification of
retrieval parameter number NRET
+
X
L words Spare
NWRD Configuration Data Block for first configuration
words (see format on page A-12).




AERODYNAMIC DATA BASE - Continued

FORMAT — Continued

Type Description
r
504 First Block Index Record
words (see format on page A-14)
NBIT  J : . .
Blocks . .
sS04 Last Block Index Record
words (see format on page A-14)
>
MWRD Section ldentification Block for first section
words of first configuration (see format on
page A-15)
NSEC < . .
Blocks . .
MWRD Section Identification Block for last section of
words first configuration (see format on page A-15)
~
KWRD Reference and Parameter Block for first set of
words flight conditions (see format on page A-16)
( NPTS Pressure Coefficient Data Block for first
words R section of first configuration for first set of
flight conditions (see format on page A-16)
NSEC X .
Blocksﬁ . .
NPTS Pressure Coefficient Data Block for last section
words R of first configuration for first set of flight
L conditions
. Reference and Parameter Blocks and Pressure
. Coefficient Data Blocks for first configuration
. for remaining sets of flight conditions
NWRD Configuration Data Block for second configuration
words (see format on page A-12)
Block Index Records, Section Identification Blocks,
Reference and Parameter Blocks, and Pressure
Coefficient Data Blocks for second configuration
Continuation of the above structure for any
remaining configurations
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AERODYNAMIC DATA BASE — Continued

FORMAT -~ Continued

CONFIGURATION DATA BLOCK

20
words

word

2*NSEC
words

NRET
words

1
word

NMACH
words

NALPHA

Parameter words

Retrieval J
Tables

NBETA
words

Type

Description

Configuration identification

Number of sections (NSEC), maximum = 30

Section identifier

Number of words in the
Section ldentification
Block

Sector address of the
Section Identification
Block

1,18

19.36

Section identifier

Number of words in the
last Section ldentifi-
cation Block

Sector address of the
last Section Identifi-
cation Block

1-18

Number of values
(NMACH), maximum = 31

Number of values
(NRT1S5), maximum = 7

19-36

for first retrieval parameter

for last retrieval parameter

Number of Block Index Records (NBIT),

maximum = 55

Values of first retrieval parameter

Values of second retrieval parameter

Values of third retrieval parameter

A-12




AERODYNAMIC DATA BASE — Continued

.

FORMAT — Continued

CONFIGURATION DATA BLOCK — Continued

Type Description

2&:;5 R Values of fourth retrieval parameter*
25135 R Values of fifth retrieval parameterf
gglgs R Values of sixth retrieval parameterf
NRT? +
words R Values of seventh retrieval parameter
:ﬁ:gs R Values of eighth retrieval parameter*

Retrieval 2&:35 R Values of nineth retrieval parameter*

Paiameter

Tables

(conc.) sgzig R Values of 10th retrieval parameter’
NRT +
worég R Values of 11th retrieval parameter
32355 R Values of 12th retrieval parameter*
:gli: R Values of 13th retrieval parameter*
NRT14 +
words R Values of 14th retrieval parameter
NRT15 +
words R Values of 15th retrieval parameter
.

NBIT 1 Index Reference Table (see description on
words page A-8)

*The number of these tables actually in the file will be indicated by the number
of retrieval parameters (NRET).

ORIGINAL PAGE IS A-13
OF POOR QUALITY



AERODYNAMIC DATA BASE — Continued

FORMAT — Continued

CONFIGURATION DATA BLOCK — Concluded

Type Description
NBIT I Sector Address Table (contains the starting
words sector number of each Block Index Record)
1 Number of grid points (NPTS) ir first section
NSEC .
words .
1 NPTS in last section

Total number of words = 22 + NRET + 3*NSEC + 2*NBIT + NALPHA + NBETA + NRT4 e
NRTS5 + NRT6 + NRT7 + NRT8 + NRT9 + NRT10 + NRT11 + NRT12 + NRT13 + NRT14 + NRT1S.

BLOCK INDEX RECORD

Type Description

t First word of coded index for first set of
retrieval parameters (see format on page A-7)

3 I Second word of coded index for first set of
words retrieval parameters (see format on page A-7)

Sector address where Pressure Coefficient Data
Blocks are located

S04 words J . .
(18 sectors)

First word of coded index for 168th set of
retrieval parameters (see format on page A-7)

-

Second word of coded inder for 168th set cf

words retrieval parameters (see format on page a-7)

Sector address where Pressure Coefficient Data
Blocks are located
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AERODYNAMIC DATA BASE - Continued

FORMAT — Continued

SECTION IDENTIFICATION BLOCK

Type Description
gggﬁs I Identification number of grid points
.
sw§£3§ R X, Y, and Z coordinates of grid points
Cylindrical coordinates for each grid point
Fuselage Win Tail
3&NPTS R __r.L '?:'x 2=
words P
a a
i i
] A A
3
words A Section identification
wgrd A Identification of first dimension variable
w:rd A Identification of second dimension variable
1 1 Number of values (NDX) of the first dimension
word variable
NDX Number of values of the second dimension
words I variable per value of the first dimension
variable
NDX R Values of the first dimension variable
words
NPTS R Values of the second dimension variable
words
28NDX Span and chord length for each first dimension
words R variable. This Jata will be present only if the
section is the tail or wing.

Total number of words = M4RD = 4*NDX + B*NPTS + 6
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AERODYNAMIC DATA BASE - Concluded

FORMAT — Convcluded

REFERENCE AND PARAMETER BLOCK

Type

words

words

words

3*NREF
words

2*NPR
words

words

words

Description

Total force components for the configuration
Fx' Fy, and Fz

Total moment components for the configuration

Mx' My' and Mz

X, Y, and Z coordinates for totals

Reference data array (REF)

REF(n,1) — reference measurement name

REF(n,2) - value for the reference measurement
REF(n,3) — reference measurement units

Parameter data array (PAR)
PAR(n,1) -- parameter name
PAR(n,2) - parameter value

Data set creation date

Data set configuration name

Total number of words = KWRD = 3#NREF + 2ANPR + 19

PRESSURE COEEFICIENT DATA BLUCK

Type

NPTS R
words

Total number of words = NPTS

Descript)on

Pressure coefficient (Cp) for each grid point

Orye
Op EVQE

08 Quae 45
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AERODYNAMIC DATA FILE

GENERAL

This temporary data file will be generated by the hatch Aero-
dynamic Force Coefficient Program (FOCAP). The file will contain
the computed incremental forces and moments at each specified
load station and the integrated totals (Fx, Fy, Fz, My, M, M
at the aerodynamic reference joints ¢f the configuration.

y’ zl

Tvpe of interface: 1

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Aerodynamic Data Base Generator/FOCAP
Modified by: None

Used by: Aerodynamic Data Base Generator

PURPOSE OF INTERFACE

The display of data from this file, together with data from the
Cp at Required Points File, will allow .ne user to d-terrine

how well the model represents the data measured in the wind
tunnel. None of the data contained on this file will be carried
forward to any other file.

CONFIGURATION CONSTRAINTS

The configuration constraints for this file will be the same ¢
those described on page A-62 fcs the Force Coefficient Data File.
However, this file can contain data for only one configuration.
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AERODYNAMIC DATA FILE - Concluded

FORMAT

The format of this file will be the same as that of the Force
Ce "“icient Data File on page A-66 with the following exceptions:

e The file will contain data for only one configuration.

o The Reference and 2arameter B:i:ock will contain only the first
nine words.
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AERODYNAMIC INFLUENCE COEFFICIENTS FILE

GENERAL

This file will be generated by tne Analytic Pressure Distribu-
tion (ACE) Program. This file will contain coefficients versus
panel control points.

Type of interface: III, IV

Interface medium: TBD
Output method: TBD
Created by: ACE
Modified by: None
Used by: Static Aeroelasticity

PURPCSE OF INTERFACE

This file will be used to make pressure coefficient data avail-
able for use by the Static Aeroelasticity function.

CONFIGURATION CONSTRAINTS

The only constraints will be those existing for the file in
the batch version of the ACE Program.

FORMAT

Data on this file will conform to the format specified in ACE
documentation.
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AEROELASTICITY DATA BASE

GENERAL

This file will be produced by the Static Aeroelasticity Correc-
tion Program (STAC) and will contain force coefficient data
corrected for the effects of aeroelasticity.

Type of interface: IV

Interface medium: TBD

Output method: TBD
Created by: Static Aeroelasticity
Modified by: None
Used by: Static Aeroelasticity

PURPOSE OF INTERFACE

The file will be needed for storing corrected force coefficient
data and displaying it at the terminal.

CONF IGURATION CONSTRAINTS

Constraints w*11 be the same as those for the Force Coefficient
Data File. (See page A-62).

FORMAT

The format for this file will correspond to that of the Force
Coefficient Data File. In addition, this file will contain
flexible-to-rigid factors for wing and vertical tail points.
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AEROELASTICITY INFLUENCE COEFFICIENTS FILE

TBD
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AIRCRAFT PLOT DATA FILE

GENERAL

This file will contain various parameters that can be displayed
in graphical form at a remote terminal or with SC-4060 plots.

Type of interface: IV

Interface medium: TBL
Output method: TBD
Created by: Aircraft Flight Conditions
Modified by: None
Used by: Aircraft Flight Conditions

PURPOSE OF INTERFACE

This file will be used to store output parameters from the
Aircraft Maneuvers Program for display at a remote terminal.

CONFIGURATION CONSTRAINTS

Data will be indexed by time.

FORMAT

The file will be determined at a later date. The file will
contain the following:

e Linear and angular accelerations with respect to body axes
e Fifteen flight conditions

® Relative velocity magnitude

e Altitude

e Gimbal angle

o Thrust

e Wind velocity components
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AIRCRAFT PLOT DATA FILE - Concluded

FORMAT — Concluded

® Atmospheric conditions

e Components of relative velocity

e Body velocity and acceleration

e Roll, pitch, and yaw rates

e Roll, pitch, and yaw accelerations

® Roll pitch, and yaw angles

® Roll, pitch, and yaw inertial coordinates
e Inertial velocity

® Position coordinates
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BASIC DATA FILE

TBD
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T s ta s,

BASIC GEOMETRY DATA FILE

GENERAL

This permanent data file will contain a general description of
the vehicle.

Type of interface: III

Interface medium: Random access mass storage
Output method: NTRAL

Created by: Basic Geometry File Generator
Modified by: None

Used by: User Model File Generator

PURPOSE OF INTERFACE

This data file will contain the functions or control points which
define the surface of the vehicle and will be used by the User
Model File Generator as a base upon which to construct the model.

CONFIGURATION CONSTRAINTS

There will be no constraints unlecs the milling machine lofting
routine (FMILL) is used. When it is, there will be a maximum
of 100 control points per region.
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FORMAT

2*NST
words ﬁ

24
words

words

word

words

BASIC GEOMETRY DATA FILE - Continued

Description DRIGIN
OF Poog |
Title
Spare

Number of structures (NST) contained on file

ID of first structure

Pointer (word count)
to data for first
structure = word
(NST + 2)

FRNSS J

woirds

words

36 bits
L]

36 bits

ID of NSTth structure

Pointer (word count)
to data for NSTth
structure

word

36 bitse

36 bits

Number of substructures in the first structure

(NSS,)

words

ID of first substruc-

ture in first structure

Pointer to next level
of information for
first substructure

2*NSS
wotds

words

36 bits

36 bits

ID of last sub-
structure in first
structure

Pointer to next level
of information for
last substructure

in first structure

word

words

36 bits

36 bite

Number of substructures in the second structure

(NSSz)

ID of first substruc-
ture in second

Pointer to next level
of information for

structure first substructure of
second structure
36 bits 36 bits
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BASIC

FORMAT — Continued

2*NSS,
words J
(conc.) 2
words
F
2*NSSy 4
words
2
words
.
~
1
word
1
word
NREGN + 1 ¢
words .
1
word
\
1
word
1
word

GEOMETRY DATA FILE — Continu E?

Description

ID of last substructure
in second structure

Pointer to next level of
information for last sub-
structure of second
structure

36 bits

36 bits

ID of NSSNth substruc-
ture in NST structure

Pointer to next level of
information for last NSSy
of last NST structure

36 bits

36 bits

Number of regions in substructure (NREGN)

Region ID of region 1 Pointer to region data
(sector count)
1-18 19-36
Region ID of last region| Pointer to region data
1-18 19-36
Number of segments in first region (NSEGI)

ID of first segment in
first region

Number of control points
in first segment

1-18
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BASIC GEOMETRY DATA FILE ~ Continued

FORMAT — Continued

10
words

10
vords

4

word

word

word

word

word

word

word

[+%

wor

word

word

word

word

word

word

Description

X-coordinate of first control point in first
segment in first region ‘

Y-coordinate of first control point in first
segment in first region

Z-coordinate of first control point in first
segment in first region

Direction cosine with respect to X of normal
to surface for first control point

Direction cosine with respect to Y of normal
to surface for first control point

Direction cosine with respect to Z of normal
to surface for first control point

2 2 1/2
R, local radius of surface R = [Y® + 1°]
for first control point

0, local slope of surface for first control
point

o, tan"l(Y/2) for first control point

d, bulkhead depth along normal to outer surface
for first control point

X-coordinate of second control point in first
segment in first region

Y-coordinate of second control point in first
segment in first region

Z-coordinate of second control point in first
segment in first region

Direction cosine with respect to X of normal
to surface for second control point
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BASIC GEOMETRY DATA FILE — Continued

FORMAT -~ Continued

Description

1 Direction cosine with respect to Y of normal
word to surface for second control point
1 Direction cosine with respect to Z of normal
word to surface for second control point
1 2, 52,
word R, local radius of surface R = [Y® + 1]
10 for first control point
words
(conc.)
1 o, local slope of surface for second control
word point
woid 0, tan~1(Y/Z) for second control point
1 d, bulkhead depth along normal to outer surface
word for second control point
~
woid Number of segments in last NREGN region (NSEGN)
ID of first segment in Number of control
1 last region points in first
word cegment
1-18 19-36
r
1 X-coordinate of first control point in first
word segment in last region
1 Y-coordinate of first control point in first
word segment in last region
lod { 1 Z-coordinate of first control point in first
words word segment in last region
1 Direction cosine with respect to X of normal
word to surface for first control point
1 Direction cosine with respect to Y of normal
word to surface for first control point
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BASIC GEOMETRY DATA FILE — Continued

FORMAT — Continued

Description

1 Direction cosine with respect to Z of normal
word to surface for first control point
1 R, local radius of surface for first control
word point of first segment in last region
10 J 1 ©, local slope of surface for first control
words word point of first segment in last region
(conc.)
1 ¢, tan"}(Y/Z) for first control point of first
word segment in last region
1 d, bulkhead depth along normal to outer surface
word for first control point
\
ID of last segment Number of control
in last region points in last
1 segment (NCP )
word N
1~18 19-36
r ‘ s *
1 X-coordinate of last control poirt in last
word segment in last region
1 Y-coordinate of last control point in last
word segment in last region
1 Z-:coordinate of last control point in last
10 J word segment in last region
words
1 Direction cosine with respect to X of normal
word to surface for last control point
1 Direction cosine with respect to Y of normal
word to surface for last control point
1 Direction cosine with respect to . of normal
word to surface for last control point
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BASIC GEOMETRY DATA FILE - Concluded

FORMAT — Concluded

Description

1 R, local radius of surface for last control
word point in last segment in last cegion
1 o6, local slope of surface for last control
word point in last segment in last region
10
words <
(conc.) 4
1 ¢, tan " (Y/Z) for last ccentrol point in
word last segment in last region
1 d, bulkhead depth along normal to outer surface
word for last control point
~ -
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BASIC STRUCTURAL DIMENSIONS FILE

TBD
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BASIC WEIGHT FILE

GENERAL

This file will be deveiored outside of ISAS for use in creating
the Model Weight File.

Type of interface: 1

Interface medium: TBD

Output method: TBD

Created by: Spacecraft Design Office
Modified by: None

Used by: Model Weight Fiie Generator

PURFPOSE OF INTERFACE

This file will furnish nonstructural weights of the model.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The format of this file will not be available until the ISAS
Functional Specifications have been completed. The following
will be contained in the file:

e Grid point number of weight location
e X, Y, and Z coordinates of the grid point

e Nonstructural weight at the grid point
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BATCH FLIGHT CONDITIONS FILE

GENERAL

Flight data for one of the following stages of the vehicle wi?l
be contained in this file: boost flight, separation, aircraft
flight, or landing.

Type of interface: 1

Interface medium: Tape simulated mass storage
Output method: FORTRAN unformatted write
Created by: Boost Flight Program, Aircraft Maneuvers

Program, Shuttle Touchdown Program, HSP2
Program, HSP3 Program, Aircraft Gust Response
Program, FRISBE

Modified by: None

Used by: Flight Conditions Reformat Function (REFOR)
and Batch Analysis Programs

PURPOSE OF INTERFACE

This file will be used to provide the flight conditions data to
the batch analysis programs and as an input to the demand Flight
Conditions Reformat (REFOR)} function.

CONFIGURATION CONSTRAINTS

A1l records shown on the format will be logical records and may
contain oane or more physical records. Each physical record will
have the following format:

« One FORTRAN control word
e From 1l to 249 data words

e Two FORTRAN control words
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BATCH FLIGHT CONDITIONS FILE — Continued

CONFIGURATION CONSTRAINTS — Concluded

If the value for the number of engines (NENG) is equal to zero,

the file will not contain a logical record 3. A zero value for

the number of external forces (NEXT) will indicate that the file
does not contain a logical record 4.

If the number of modes (NMODES) is equal to zero, the file will
not contain mode identifications, modal accelerations, modal
velocities, and modal displacements. The file will not contain
any link forces or a Link Identification Block if the number of
links (NLINK) is equal to zero.
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BATCH FLIGHT CONDITIONS FILE - Continued

FORMAT
Type Description
Logical 24 . X .
Recgrd words A Title information
r
Logical variable (ENGID) used to identify
1 engines; if
word L True — use engine ID numbers
False — use X, Y, and Z coordinates
Logical variable (EXTFOR) to idemntify
i L external forces; if
word True — use ID numbers
False — use X, Y, and Z coordinates
1 .
word 1 Number of engines (NENG)
Logical ld I Number of external forces (NEXT)
Record wor
2
(9 words) 1
word 1 Number of link forces (NLINK)
1 .
word 1 Number of modes (NMODES)
Logical variable (LNK) to identify link .orces; if
1
word L True — use ID numbers
Felse — use X, Y, and Z coordinates
1 . .
word R Start time of data in seconds
1 .
word R Stop time of data in seconds
1 1f ENGID = true, this block will comtain
engine identification numbers (NENG words)
Logivcal NENG
Record < or . . .
3 NENG/2 R If ENGID = false,.thxs block will contain
words X, Y, and Z ccordinates of engine loca-
tions (NENG/2 words), maximum size =
\ 30 words




BATCH FLIGHT CONDITIONS FILE (continued)

2.2.5.4 continued

Type Description
r If EXTFOR = true, this block will contain
1 external force identification numbers
\4
' NEXT (NEXT words)
Logical or
Recgrd NEXT/2 If EXTFOR = false, this block will contain
words R K, Y, and Z coordinates of external forces
(NEXT/2 word), maximum record size =
200 words
Logical
Reg;,d NMODES I Identification numbers of modes, maximum
S words record size = 100 words
r
I If LNK = true, this block will contain link
NLINK identification numbers (NLINK words)
Logical or
Record NLINK/2
6 words If LNK = false, this block will contain X,
R Y, anu Z coordinates of the links (NLINK/2
words), maximum record size = 50 words
"
r
1 I Number of Retrieval Parameters
word
Record 4 wzgds A Retrieval parameter identification
(two words per parameter)
\
( 1
R Time (seconds)
Logical word
Record
7A 15
(26 + NENG + word R Retrieval Parameters
NEXT words)
1 .
word R Dynamic pressure
NENG R Thrust for each engine,
words maximum words = 30
NEXT R Force value for each external force,
§ words maximum words = 200
ORIGIY
VAL PAGE I3 A-37
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BATCH FLIGHT CONDITIONS FILE — Concluded

FORMAT — Concluded

Type Description

3 . .
words R X, Y, and 7 translational accelerations

Logical
Record ﬁ

3 R X, Y, and Z rigid body rotational

7A .
words accelerations

(conc.)

3 R X, Y, and Z coordinates of center of
words gravity

N

If NLINK = 0 and NMODES =« 0, there will not
be a record 7B

If NLINK = 0 and NMODES ¢ 0, record 7B
will contain:

Modal accelerations (NMODES words)
Modal velocities (NMODES words)
Modal displacements (NMODES words)

R

Total number of words = 3*NMODES

If NLINK ¢ 0 and NMODES = 0, record 7B
will contain:

Logicai .
Record R Link forces (NLINK words)

8 Total number of words = NLINK

If NLINK ¢ 0 ard NMODES ¢ 0, record 7B
will contain:

Link forces (NLINK words)

Modal accelerations (NMODES words)
Modal velocities (NMODES words)
Modal displacements (NMODES words)

F -

Total words = NLINK + 3#NMODES

Logical records 7A and 7B will contain
data for the remaining times
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BODY LOADS FILE

GENERAL

The Body Loads File will contain the calculated body loads force
and moment components for each of the load stations and times
contained on the Load Input Data File.

Type of interface: 111, IV

Interface medium: Random access mass storage
Output method: NTRAN

Created by: Body Loads Analysis

Modi. "~d by: None

Used by: Body Loads Analysis

PURPOSE OF INTERFACE

All output from the body loads calculations will be stored on
this file. This file will then be us~ to produce selected
tabulations and graphical displays a Lso will be used as
input to the NASTRAN postprocessing function.

CONFIGURATION CONSTRAINTS

The maximum number of vehicle components (NVEHCO) will be equal
to 10. The maximum number of load stations (NOLOAD) will be
equal to 100,
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BODY LOADS FILE — Continued

FORMAT
Description
f
24 Title information
words
1 Flag = 0, Body Loads File
word = 1, Modified Body Loads File
woid Number of vehicle components (NVECHO)
Header Block worq | Number of load stations (NOLOAD)
Information {
(56 words)
word Number of times (NOTIME) contained on this file
1 Start time
word
1 Stop time
word P

26
& words Spare

3 c e . .
words Identification of first vehicle component
Vehicle Component . .
ID Block < : .
(NVECHO*3 words) . .
3 . .
words Identification of last vehicle component
1 : .
word X-coordinate of first load station
l.oad Station
ID Block < wold Y-coordinate of first load station
(NOLOAD*4 words) r .
wo:d Z-coordinate of first load station
gR’GIN AL p A-40
F p A
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BODY LOADS FILE - Continued

FORMAT — Continued

Description

1 Pointer for first load station to vehicle
word component block identifying vehicle component
for this load station
Load Station
ID Block 'J woid X-coordinate of last load station
(NOLOAD*4 words)
(conc.)
1 .
word Y-coordinate of last load station
1 . .
word Z-coordinate of last load station
1 Pointer for last load station to vehicle
word component block identifying vehictle component
or for this load station
\
1 . .
word First time
Time Block .
(NOTIME words) ﬁ .
1 .
word Last time
q 6 Rigid body loads: force components in X, Y, and Z
word directions, moment components in X, Y, and 7
ords directions
Body loads force 6 Elastic body loads: force components in X, Y,
and moment com- d and Z directions, moment components in X, Y, and
ponents for first J words Z directions
time and first
l?gg ztasi?n 6 Engine and external force loads: force components
ords d in X, Y, and I directions, moment compon3nts ‘v
words X, Y, and Z directions
6 Aerodynamic loads: force components in X, Y, and
words Z directions, moment components in X, Y, and
Z directions

[RIGINALY PAGE'H!
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BODY LOADS FILE - Continued

FORMAT — Continued

6
words
Body loads force 6
and moment com- words
ponents fur first
time and first
load station 1
(38 words) word
(conc.)
1
word
\

Body loads force

and moment com- 38

ponents for first

time and sccond words
load station

Body loads force

and moment com- 38

ponents for first
time and last
load station

words

Body loads force

and moment com- 18

ponents for second .
time and first
load station

words

Body loads force
and moment com- 38
ponents tor second
time and last words
load station

Description

Link loads: force components in X, Y, and Z
directions, moment components in X, Y, and

Z directions

Total loads: force components in X, Y, and Z

directions, moment components in X, Y, and
i directions

Root summed square force

Root summed square moment
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BODY LOADS FILE - Concluded

FORMAT — Concluded

Description

Body loads force
and moment com- 18
ponents for last
time and first words
load station

Body loads force
and moment com-

ponents for last
time and last
load station
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BOOST AND AIRCRAFT FLIGHT CONDITIONS FILE

This file was replaced by the Batch Flight Conditions File.
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BOOST PLGT DATA FILE

GENERAL

This file will contain various parameters that can be displayed
in graphical form at a remote terminal or with SC-4060 plots.

Type of interface: 1V

Interface mediumr: TBD
OQutput method: TBD
Created by: Boost Fli~ *+ Conditions
Modified by: None
Used by: Boost Flignt ¢ ~ions

PURPOSE OF INTERFACE

This file wil" be used to store output parameters from the
Boost F.ight Program for display at a remot terminal.

CONFIGURATION CONSTRAINTS

Data will be indexed by *“ime.

FORMAT

The file format will be determined at a later date. The file
will contain time; 15 flight conditions; weight; lines~ and
rotational body accelerations; Euler angles and comma 1 Luler
angles; wind velocity components; total thrust; altitude; length
of thrust moment arms; relative velocity; fittings loads and
vertical reactions; and thrust, pitch gimbal command, and yaw
gimbal command for engines 1 to 5.



COMBINED DATA FILE

GENERAL

This temporaryv file will contain modal data from the User Modal
tape and force data from the Force Coefricient Data File. It
will be created if the user wishes to execute the Adjusted

Aerodynamics Jrogram.

Type of interface: IV

Interface medium: TBD

OQutput method- TRD

Created by: Aircraft Gust and Boost Turbulence Loads
‘Modified by: Nonz=

Used byv: Aircraft Gust and Boost Turbulence Loads

PURPOSE OF INTERFACE

This file will be used as input toc the batch Adjusted Aerodynamics
Program. It will contain the modal and force data required by

that program.

CONFIGURATION CONSTRAINTS

TBD

FORMAT
TBD
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COMPRESSED A=RODYNAMIC FORCES AND CONDITIONS FILE

GENERAL

This file will contain data for selected times from the ISAS
Flight Conditions File. It will also contain aerodynamic force
and moment coefficients from the Force Coefficient Data File for
the flight conditions at the selected times.

Type of interface: IV

Interface medium: Random access mass ctorage
Output method: NTRAN

Created bv: Body Loads Analysis
Modified by: None

Used by: Body Loads Analysis

PURPOSE OF INTERFACE

This file will contain all flight data and aerodynamic force
and moment coefficient data for each time point needed by the
user to perform his body loads analysis.

CONFIGURATION CONSTRAINTS

e If the value for the number of engines (NENG) is equal to
zero, this file will nct contain an Engine Identir:cation
hlock or engine thrust data.

e If the number of external forces (NEXT) is 2qual to zero,
this file will not contain an External Force Identification
Block or any ext.rnal ‘orce data.

e I[f the numbe. of modes (NMCDES) is aqual to zero, this file
will not contain a Mode Identification Block or any modal
accelerations, modal velocities, or modal displacements.
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COMPRESSED AERODYNAMIC FORCES AND CONDITIONS FILE - Continued

CONFIGURATION CONSTRAINTS — Concluded

o If the riaber of links (NLINK) is equal to zero, this file
will not contain a Link Identification Block or any link
forces.
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COMPRESSED AERODYNAMIC FORCES AND CONDITIONS FILE - Continued

FORMAT

Header Informa-
tion Block
(56 words)

IHEGHVAL.RAGn 3

¥ POOR QUAL[fy

24
words

word

word

word

word

word

word

word

word

wora

word

word

word

Description
Title information

Logical variable (ENGID) to identify engines; if

True — use engine ID numbers
False - use X, Y, and Z coordinates

Logical variable (EXTFOR) to identify exte nal
forces; if

True — use ID n...bers
False — use X, Y, and Z coordinates

Logical variable (LNK) to identify link
forces: if

True — use ID numbers
False - use X, Y, and 2 coordinates

Number of engines (MENG), maximum = 30

Number of axternai forces (NEXT), maximum e 200

Number of link “orces (NLINK), maximum = S0

Number of modes (NMODES), maximum = 200

Start time for data contained on this file

Stop time for data contained on this file

Number of times (NOTIME) contained on this file

Number of grid points n lcads model (NOGP),
maximum = 400

Beginning word location of d- a blocks
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COMPRESSED AERODYNAMIC FORCES AND CONDITIONS FILE — Continued

FORMAT — Continued

Header Information
Block (conc.) 1

Engine ID Block

External Force
1D Block

Mode ID Block

Link 1D Block

Point ID Block

Point Coordinate
Block

Data Block for
first time

word

1
word

18
words

NENG
or
(NENG/6)3

NEXT
or
(NEXT/6)3

NMODES

NLINK
or
(NLINK/6)3

NOGP

NOGP*3

word

15
words

Description

Number of words per data block

0 — link forces of Flight Conditions File are used
1 - link forces a..e to be computed

Spare

Logical variable {ENGID) to identify engines; if

True — use engine ID numbers (NENG words)
False — use X, Y, and Z coordinates (NENG/2 words)

Logical variable (EXTFOR) to identify external
forces; if

True — use ID numbers (NEXT words)
False — use X, Y, and Z coordinates (NEXT/2 words)

Identification numbers for cach of the modcs

Logicel variable (LNK) to identify link forces; if

True —- use ID numbers (NLINK words)
False — use X, Y, and Z coordinates (NLINK/2 wnrds)

Load model grid point identific- s¢ - numbers

X, Y, and Z coordinates of each point

Time

15 flight retrieval parameters

A-50



COMPRESSED AERODYANMIC FORTES AND CONDITIONS FILE - Continued

FORMAT — Continued

Description

3 . .
words X, Y, and Z coordinates of center of gravity
3 X, Y, and Z directions translational rigid
words body acceleration
3 X, Y, and Z directions rotational rigid body
words acceleration
Thrust for engine number 1
NENG .
Thrust for engine number NENG
Force for external force number 1
Data Block for .
first time NEXT .
(27 + NENG + < .
NEXT + NLINK
+ 3*NMODES + Force fo: external force number NEXT
6*NOGP words)
Modal acceleration for first mode
NMODES .
Modal acceleration for last mode
Modal velocity for first mode
NMODES .
5 Modal velocity for last mode
Sgh
‘<;<> Modal displacement for first mode
@‘%@‘ .
\Q’}g’ 263 NMODES .
N )
Modal displacement for last mode

A-51



COMPRESSED AERODYNAMIC FORCES AND CONDITIONS FILE - Concluded

FORMAT -~ Conclvded

Description

Force for first link

! NLINK .

Force for last link

3 X, Y, and Z aerodynamic force coefficient com-
Data Block for words ponents for first aerodynamic force station
first time
(27 o NENG o
NEXT o NLINK 4 3 X, Y, and Z aerodynamic moment coefficient com-
¢ 3I*NMODES + words ponents for first aerodynamic force station
6®NOGP words)
(conc.)
3 X, Y, and Z aerodynamic force coefficient com-
words ponents for last aerodynamic force station
3 X, Y, and 7 aerodynamic moment coefficient
words components for last aerodynamic force station

Data Block f
for

second time

Data Block
for
last time

Tine for first data block on this file

Time Bleck NOTIME .

Time for last data block on this file
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CP AT REQUIRED POINTS FILE

GENERAL

This data file will contain pressure coefficient (C_) data for
the set of grid points required by the individual user. Also
contained in the file will be the geometry information which
descrioes the grid points.

Type of interface: 11, III

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Aerodynamic Loads, Aerodynamic Data Base
Generator

Modified by: None

Used by: Force Inputs to Internal Loads Analysis,

Static Aeroelasticity/FOCAP, Aerodynamic
Data Base Generator/FOCAP, Venting Analysis/
VADIC, Aerodvnamic Loads/FQOCAP

PURPOSE OF INTERFACE

This file will be used to provide pressure coefficient data
and geometry data for the specified values of the retrieval
parametecs and grid points to other ISAS functions.

CCNFIGURAYION CONSTRAINTS

The configuration constraints for this file will be the same as
for the Aerodynamic Data Base but with one exception. This file
will corntain data for only one configuration.

FORMAT

The format and description of this file will be identical to the
onc described on page A-5 for the Aerodynamic Data Base.
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ELEMENT PROPERTY FILE

GENERAL

This file will contain finite element properties of the user
model.

Type of interfacec: 111

Interface medium: TBD

Output method: TBD

Created by: Element Property File Generator

Modified by: None

Used by: Model Weight File Generator, Internal Loads

and Dynamic Characteristics, Properties and
Allowables

PURPOSE OF INTERFACE

This file will be used to supply element properties to NASTRAN.

CONFIGURATION CONSTRAINTS

None exist at this time.

FORMAT

Data on the file should include finite element properties at
each model point.
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EXTERNAL PRESSURE FILE

GENERAL

This file will contain element geometry information and either
differential pressure or external pressure. The type of pressure
data contained will be dependent upon user decision. This file
will be temporary and should be resident for short periods of
time.

Type of interface: III, IV

Interface medium: Tape or sequential mass storage

Output method: NTRAN

Created by: Force Inputs to Internal Loads Analysis
Modified by: None

Used by: Force Inputs to Internal Loads Analysis

PURPOSE OF INTERFACE

This file will be used to provide easy accessibility to data
which is to be tabulated, plotted, or formatted into PLOAD2 cards.

CONFIGURATION CONSTRAINTS

Data for only one vehicle configuration can be contained in the
file, and the configuration can have a maximum of 30 sections.
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EXTERNAL PRESSURL FILE - Continued

FORMAT
Type DPescription
r
24 . . Le. .
words A File identification
woid I Number of elements (NELEM), maximum = 6000
Header 1
Block < word I Number of timepoints (NTIME)
(28 words) 0
1 : .
WOTt Configuration ID
1 . . . . :
word 1 Number of sections in this configuration
.
r
1 . . .
word I Sector address of elements in first section
1 . . .
word 1 Word address of elements in first section
1 . . .
word 1 Number of elements in this section
1 A Section ID
word h
Subhead.
Rlock 15 1 Number of elements selected for each
(200 woids) words element type 1-15
1 A Spare
word
. Repeat for each section
\,
52
words A Spare

Total number of words = 280
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EXTERNAL PRESSURE FILE — Concluded

FORMAT - Concluded

word

words

Geometry .
Block .
(560 words) .

Pressure s
Block* words

NELEM
words

+Wr1tten out in 560-word buffers.

Description
First element identitication number

X, Y, and Z coordinates of ceanter point
of first element and ¢

Number of connections
Connection specifications

. )
. .

56th element identification

X, Y, and Z coordinates of center
point of 56th element and ¢

Number of connections
Connection specifications each connection

Geometry blocks containing identification
numbers and ccordinates of remaining
elements

First time (cseconds)

15 fiight conditions

Differential or external pressure at
each element

Pressure Blocks for remsining time points

ORIGINADL PAGEIS
o pook QU
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TBD

FATIGUE INPUT DATA FILE

A-58



FATIGUE OUTPUT DATA FILE

TBD
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TBD

S\

FATIGUE SPECTRAL DATA FILE
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FEEDLINE MODAL DATA FILE

TBD
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FORCE COEFFICIENT DATA FILE

GENERAL

This permanent data file will contain incremental forces and
moment coefficients at specified grid points and the integrated
totals (Fx, Fy, Fz, Mx’ . Mz). Data for multiple sets of
flight conditions and for four different configurations will be
contained on the same file.

Type of interface: I, III

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Aerodynamic Loads

Modified by: None

Used by: Static Aeroelasticity, Aircraft Gust and Boost

Turbulence Loads, Body Loads Analysis, Force
Inputs to Internal Loads Analysis, FRISBE

PURPOSE OF INTERFACE

This file will be used as a common source within ISAS for force
coefficient data.

CONFIGURATION CONSTRAINTS

e Data for a maximum of four configurations can be contained
in this file at any one time.

e No configuration can have more than 15,000 sets of data in
the data base at one time. However, due to mass storage
requirements, the actual number should be maintained at
a much lower limit.

e The grid points describing the configuration will be the
same for each set of flight conditions (each data set).
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FORCE COEFFICIENT DATA FILE - Continued

CONFIGURATION CONSTRAINTS — Continued

e A configuration can have a maximum of 30 sections, and the
same sections must be present for each set of reference
conditions.

e The reference data array, parameter data array, and data
set creation data will apply for all sections for a given
set of values for the retrieval parameters.

e The number of retrieval parameters, which will be contained
on the data base, will be a minimum of 3 and a maximum of 15.

e The maximum number of unique values for each of the retrieval
parameters for a configuration will be:

Retrieval
Parameter Maximum
1 (Mach) 31
2 (a) 31
3 (B) 1§
4 15
5 15
6 15
7 15
8 15
9 15
10 15
11 15
12 15
13 15
14 15
15 7
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FORCE COEFFICIENT DATA FILE — Continued

CONFIGURATION CONSTRAINTS -~ Continued

e The first three retrieval parameters must be Mach, angle of

attack (a), and angle of sideslip (B), in this order. The
remaining retrieval parameters will be variable.

The retrieval parameter tables will contain the unique values
for each measurement. For example, if the angle of attack

in two data sets is equal to 1.5, the Angle of Attack Table
(second retrieval parameter table) will contain only one

value of 1.5.

The coded index will be two 36-bit words which will be used

to identify a set of data for a specific set of retrieval
parameters. The words will contain pointers to the location
of the real values of each of the retrieval parameters, the
number of reference measurements, and the number of parameters.
The format for the coded index will be:

1 2-6 7-1i 12-15 16-19 20-23 24-27 28-31 32-35 36

4th re- Sth re- 6th re- 7th re- 8th re- |p

First 0 Mach A:ﬁ:c:f :r;g::qu ":2: trieval trieval trieval trieval |d

word i ip |pa er parameter |parweter rameter | parameter]a

ndex 1 index fndex | index index tndex | |index index |t

e

1 2-5 6-9 10-13 14-17 18-21 22-28 26-28 29-32 33-36
Number of

Second 9th re-  |10th re- [11th re- |12th re- |13th re- |14th re- [iSth re- Jreference |Mmber of

wird |0 |trievel ftrieval f[trieval [trieval [Jtrieval |trieval [trieval |measure- |para-
parameter |parameter |parameter {parameter |parameter | parameter paramoter [ments meters

index ndex index index index index index (NREF) (NPR)

e When the coded index is being used to identify data for a

retrieve, only bits 2 through 35 of the first word and bits
2 through 28 of the second word will be used. Bits 29
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FORCE COEFFICIENT DATA FILE - Continued

CONFIGURATION CONSTRAINTS - Concluded

through 36 (number of reference measurements and number of
parameters) of the second word will be used to determine the
number of words in the Reference and Parameter Block and
will be placed in the word as the data base is constructed.
Bit 36 of the first word will be reserved for internal use
by the Aerodynamic Data Base Generator as an update flag.

e The index reference table of the Configuration Data Block
will contain the first coded index of each Block Index Record.
This table will be used to determine which Block Index Record
is to be read, and the starting sector number will be obtained
from the sector address table.

® All data blocks will start with the first word of a sector.
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FORCE COEFFICIENT DATA F1lE£ — Continued

FORMAT
Type Description
23 A 144 characters of any information which can be
words used to identify the file
A Configuration identifier of first configuration
Sector address of Number -f words (NWRD)
I first Configuration in Configuration Data
Data Block Block
1-1@ 19-36
8 . .
words . .
A Configuration identifier of fourth configuration
Sector address of NWRD in fourth Config-
I fourth Configuration uration Datu Block
Data Block
1-18 19-36
24
words Spare
(1
word Spare
1 I Number of retrieval parameters (NRET) used in
word this data file, minimum = 3, maximum = 15
A First six characters of identification of the
first retrieval parameter
A Second six characters of identification of the
2 first retrieval parameter
sectors ﬁ -
2*NRET .
words .
A First six characters of identification of
retrieval parameter number Ni T
A Second six characters of ident’ _ication of
retrieval parameter number NRET
t
X
words Spare
.

*The number of spare words (X) = 56 - 2 - Z*NRET
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FORCE COEFFICIENT DATA FILE ~ Continued

FORMAT - Continued

Type Description
22235 First Configuration Data Block
,
wgggs First Block Index Record
NBIT < . .
Blocks . .
wgggs Last Block Index Record
\
rzﬁgs Geometry Data Block
52525 Reference and Parameter Block
( ' IWRD Incremental Data Block for first set of flight
et words conditions for first configuration
: Incremental Data Blocks for remaining sets of
. flight conditions for first configuration
Configuration Data Blocks, Block Index Records,
Geometry Data Blocks, Reference and Parameter
Blocks, and Incremental Data Blocks for remaining
configurations
CONFIGURATION DATA BLOCK
Type Description
wggds A Configuration identification
w?bﬁ@. woid I Integer value of 1
oi ¥ vord A Section identifier = ADBFCD
@
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FORCE COEFFICIENT DATA FILE — Continued

FORMAT — Continued

CONFIGURATION DATA BLOCK — Continued

word

NRET
words

word

NMACH
words

NALPHA
words

NBETA
words

NRT4
words

NRTS
words

NRT6
words

NRT7
words

NRTS8
words

NRT9
words

NRT10
words

Type Description

I Number of words in Sector address of
Geometry Data Block Geometry Data Block
(MWRD)

1-18 19-36

I Number of values for first retrieval parameter,
Mach (NMACH), maximum = 31

I Number of values for last retrieval parameter,
(NRT15), maximum = 7

I Number of Block Index Records (NBIT), maximum =

R values of first retrieval parameter

R values of second retrieval parameter

R Values

R Values

R Values

R Vaiues

R Values

R Values

R Values

R Values

of

of

of

of

of

of

of

of

third retrieval parameter

fourth retrieval parameter

fifth retrieval parameter

sixth retrieval parameter

seventh retrieval parameter

eighth retrieval parameter

nineth retrieval parameter

10th retrieval parameter
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FORCE COEFFICIENT DATA FILE - Continued

FORMAT — Continued

CONFIGURATION DATA

NRT11
words

NRT12
words

NRT13
words

NRT14
words

NRT15
words

BLOCK INDEX RECORD

3

words
504 i
words .
3

words

ORIGINAL PAGE IS
OF POOR QUALITY

BLOCK — Concluded

Type

Description

Values of 1lth retrieval parameter

Vaiues of 12th retrieval parameter

Values of 13th retrieval parameter

Values of 14th retrieval parameter

Values of 15th retrieval parameter

Description

First word of coded index for first set of
retrieval parameters

Second word of coded index for first set of
retrieval parameters

Sector address where Force Data Block is
located

First word of coded index for 168th set of
retrieval parameters

Second word of coded index for 168th set of
retrieval parameters

Sector address where Force Data Block is
located
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FORCE COEFFICIENT DATA FILE — Continued

FORMAT — Continued

GEOMETRY DATA BLOCK

Type Description
sgzgs 1 Identification numbers of points
3;25;2 R X, Y, and Z coordinates for each point
ﬁgzgs A Section identifier ‘for each plot

Total number of words = MWRD = S®NPTS

REFERENCE AND PARAMETER BLOCK

Type Description
3 R 'Total force components for the configuration
words F_, F , and F
x* 'y z
3 R Total moment components for the configuration
words Mx' M, and M
y z
woids R X, Y, and Z coordinates for totals

Reference data array (REF)

3ANREF REF(n,1) — reference measurement name
words REF(n,2) — value for the reference measurement
REF(n,3) - referonce measurement units

Parameter data array (PAR)

2*NPR PAR(n,1) — parameter name

words PAR(n,2) - parameter velue
2

words A Data set creation date

wogds A D:*r set configuration name

Total ‘ber of words = KWRD = 3I®NREF ¢ 2*NPR + 19
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FORCE COEFFICIENT DATA FILE — Concluded

FORMAT - Concluded

INCREMENTAL DATA BLOCK

Type Description

Incremental data array (FDA®

FDA(n,1) = X-force componeat Fx
FDA(n,2) Y-force comnrcaent Fy
R FDA(n,3) = 2-force component Fz
FDA(n,4) X-moment componeat Mx
FDA(n,5) = Y-moment c~uponent M
FDA(n,6) = Z-moment component Mz

6*NPTS
words

Total number of words = IWRD = 6%#NPTS
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FORCE COEFFICIENT FILE

GENERAL

The Force Coefficient File will be a temporary data file which
will be generated by the batch pro,:am FCCAP. The file will

contain the computed incremental forces and moment coefficients
at each specified grid point and the integrated totals (Fx, F
F M M

y,
20 My My, Mz) at the aerodynamic reference points.

Type of interface: 1

Interface medium: Random access mass storage
Output method: NTRAN

Created by: Aerodynamic Loads/FOCAP
Modified byv: None

Used by: Aerodynamic Loads

PURPOSE OF INTERFACE

This file will be usca to provide increment forces and moments
for specified grid points and totals to the Aerodynamic Loads
function and for later use by other ISAS functions.

CONFIGURATION CONSTRAINTS

The configuration constraints for this file will be the same
as those described on page A-62 for the Force Ccefficient Data
File. However, this file can contain data for only one
configuration.
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FORCE COEFFICIENT FILE — Concluded

FORMAT

The format of this file will be the same as that of the Force

Coefficient Data File on page A-66 with the following exceptions:

e It will contain data for only one .configuration.

e The Reference and Parameter Block will contain only the
first nine words.
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GUST INPUT FILE

GENERAL

The Gust Input File will be a temporary file created in the Air-
craft Gust and Boost Turbulence Loads function. It will contain
data selected from the following four files: Basic Data File,
Unsteady Aercdynamic Generalized Forces File, Load Coefficient
Data File, Standard Atmosphere File.

Type of interface: 1V

Interface medium: TBD
Output method: TBD
Created by: Aircraft Gust and Boost Turbulence Loads
Modified by: None
Used by: Aircraft Gust and Boost Turbulence Loads

PURPOSE OF INTERFACE

This file will be used as input to the Gust Response and Turbu-
lence Response Programs. It will contain all necessary input
for these programs.

'CONFIGURATION CONSTRAINTS

TBD

FORMAT
TBD
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INPUT FLIGHT CONDITIONS FILE

TBD
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INTERIM AERODYNAMIC DATA FILE

GENERAL

This temporary data file will contain pressure coefficients
(Cp) and geometry data for the standard set of grid points for
specified flight conditions. '

Type of interface: IV

Interface medium: Random access mass storage
Output method: NTRAN

Created by: Aerodynamic Loads

Modified by: None

Used by: Aerodynamic Loads

PURPOSE OF INTERFACE

This file will be used as temporary storage for dat: «hich has
been developed from the Aerodynamic Data Base and is to be used
to determine pressure coefficients for a new model.

CONFIGURATION CONSTRAINTS

With the exception that data for only one configuration will be
contained on this file. the configuration constraints will be
the same as for the Aerodynamic Data Base described on

page A-5.

FORMAT

The format of this file will be identical to that of the Aero-
dynamic Data Base (page A-5), except that data for only one con-
figuration will be contained on the file.
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INTERIM PROPERTIES AND ALLOWABLES FILE

GENERAL

This file will contain the collected material and geometric
properties for each section of a vehicle model.

Type of interface: IV

Interface medium: TBD
Output method: TBD
Created by: Properties and Allowables
Modified by: None
Used by: Properties and Allowables

PURPOSE OF INTERFACE

This file will be used by the Properties and Allowables function
as a r-antral storage area for all of the input required to cal-
culate allowables.

CONFIGURATION CONSTRAINTS

Data for only one structure can be placed on the file. The
structure can have a maximum of 30 regions (substructures).

tre

~“ROAT

The actual format of the file will not be developed until the
functional design specifications are completed. The information
listed below will be contained in the file for each staetion of
each r2gion,

® Section identification number
® Section type identification

¢ X, Y, and Z coordinates of station
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INTERIM PROPERTIES AND ALLOWABLES FILE — Concluded

FORMAT — Concluded

® Geometry parameters (b, t, R, ¢)

e Material compfessive modulus (E)

® Material tensile ultimate stress (FTU)
e Poisson's ratio (u)

e Material compressive yield stress (FC)
® Material shear stress (FS)

® Material secant modulus (Es)

® Material tangent modulus (Et)

® Curve shape factor (n)

® Curve secant yield stress (Fo 7)
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INTERIM SADSAC DATA FILE

GENERAL

The Interim SADSAC Data File will contain pressure coefficients
(C..) and geometry data for pressure tabulations. This data will
be obtained from System for Automatic Development of Static Aero-
thermodynamic Criteria (SADSAC) tapes which are created during
wind tunnel tests.

Type of interface: 1

Interface medium: Random access mass storage
Output method: NTRAN

Created by: SADSAC Reformat Program
Modified by: None

Used by: Aerodynamic Data Base Generator

PURPOSE OF INTERFACE

This data file will be used to provide data from the SADSAC
tapes to ISAS. The SADSAC data will have been verified and
minor corrections completed before the new data file is created.

CONFIGURATION CONSTRAINTS

With the exception that data for only one configuration will
be contained on this file, the constraints will be the same as
for the Aerodynamic Data Base described on page A-5.

FORMAT

Except for the constraint described above, the fermat will be
the same as for the Aerodynamic Data Base (see page A-5).
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INTERMEDIATE MODEL WEIGHT FILE

GENERAL

This temporary data file will contain interpolated weights for
grid points of the model. The file will be created by the Model
Weight File Generator.

Type of interface: IV

Interface media: TBD
Output method: TBD
Created by: Model Weight File Generator
Modified by: Model Weight File Generator
Used by: Model Weight File Generator

PURPOSE OF INTERFACE

This file will be created as an interim file in the process of
developing the Model Weight File. The file will provide temporary
storage and allow for safe-points.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

This interim file should include the following information:
e Grid point identification numbers

e X, Y, and Z coordinates of grid points

e Interpolated weights (6 x 1 vector for each grid point)
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INTERPOLATED CONTROL POINT FILE

GENERAL

This data file will be used exclusively in the Lifting Surface
Flutter/Unsteady Aerodynamic Forces function. It will contain
modal frequency and interpolated modal displacement data.

Type of interface: IV

Interface medium: Random access mass storage

Output method: NTRAN

Created by Lifting Surface Flutter/Unsteady Aerodynamic
Forces

Modified by: None

Used by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

PURPOSE OF INTERFACE

This file will be used as a storage for the modal displacement
data which has been interpolated to the aerodynamic control
points. Data will be selected from this file to form the
Unsteady Aerodynamic Input File.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The format of this file will be determined during the functional
design stage; however, it will contain the following information.

e Title information

e Number of grid points
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INTERPOLATED CONTROL POINT FILE — Concluded

FORMAT — Concluded

e Grid point ID numbers and grid point'coordinates
e Number of modes
e Modal frequencies

e Interpolated modal displacement data
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INTERPOLATED STRUCTURAL DATA FILE

GENERAL

This file will contain structural data interpolated to aero-
dynamic grid points.

Type of interface: 1

Interface medium: TBD
Output method: TBD
Created by: Static Aeroelasticity
Modified by: None
Used by: Static Aeroelasticity

PURPOSE OF INTERFACE

This file will allow the user to store the interpolated struc-
tural data and examine it at the conscle. The data will
subsequently be used to form an input file for the Static Aero-
elasticity Program.

CONFIGURATION CONSTRAINTS

A maximum of 1000 grid locations will exist. A matrix will be
limited to 100 x 100.

FORMAT

The file format will be determined in the functional specifica-
tions phase. A file will contain grid locations, control point
numbers, and an interpolated influence coefficient ma*rix.
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ISAS FLIGHT CONDITIONS FILE

GENERAL

Flight data for one of the following stages of the vehicle will
be contained in this file: boost flight, separation, aircraft
flight, or landing.

Type of interface: III

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Flight Conditions Reformat function (REFOR)
Modified by: None

Used by: Force Inputs to Internal Loads Analysis, Body

Loads Analysis, Flight Conditions Merge,
Flight Conditions File Reduction

PURPOSE OF INTERFACE

This file will be used to transmit the flight data to the
analysis programs.

CONFIGURATION CONSTRAINTS

o If the value for the number of engines (NENG) is equal to
zero, the file will not contain an Engine Identification
Block or engine thrust data.

e A zero value for the number of external forces (NEXT) will
indicate that the file does not contain an External Force
Identification Block or any external force values.

o If the number of modes (NMODES) is equal to zero, the file
will not contain a Mode Tdentification Block or any modal
accelerations, modal velocities, or modal displacements.

o The file will not contain any link forces or a Link Identifi-
cation Block if the number of links (NLINK) is equal to zero.

A-84



(! ISAS FLIGHT CONDITIONS FILE — Continued

FORMAT
Description
r
24 Title information
words
Logical variable (ENGID) to ify engines; if
woid True — use eagine ID numbers
False — use £, Y, and Z coorc s
Logical variable (EXTFOR) to identify external
forces; if
wo#d True — u,.: ID numbers
False — use X, Y, and 2 coordinates
Logical variable (LNK) to identify link forces; if
wo:d True — use ID numbers
False — use X, Y, and Z coordinates
1
Header Number of engines (NENG)
Information word
Block 9
(56 words) 1
word Number of external forces (NEXT)
1
word Number of link forces (NLINK)
1
word Number of modes {(NMODES)
1 Start time for data contained on this file
word (floating point seconds)
1 Stop time fc data contained cn this file
word (floating point seconds)
1 Increment between t..ss = TINC*
word (floating point seconds)

Trime increment (TINC) will be equal to zevo if the data points are not for a
regular time increment,

OREIN,;
AL ;
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FORMAT — Cont

ISAS FLIGHT CONDITIONS FILE — Continued

inued

1
word
1
word
Header
Informati-n {
Block 1
~onc.) word
19
words
.
Engine NENG
1D or
Block (NENG/2)
External Force NEXT
1D Block or
(NEXT/2)
Mode
ID Block MMOGES
Link NLINK
ID Block or
(NLINK/2)
. Data Block ¥ 1
for first time word
(27 « NENG + 15
NEXT ¢+ NLINK + words
3*NMODES words)

Description
Demand FLAG = 'ISAS..'

Number of times (NME)
Equal to zero if time increment is regular

Starting sector number of first time block

Spare

Logical variable (ENGID) to identify engines; if

True — use ID numbers (NENG words)
False — use X, Y, and 2 coordinates (NENG/2 words)

Maximum size = 30 words

Logical variable
forces; if

True — use ID numbers (NEXT words)
False — use X, Y, and Z coordinates (NEXT/Z words)

Maximum siz = 200 words

(EXTFOR) to identify externa:

1f NMODES = 0, no entry

I1f NMODES > 0, identification of each of the
mode< will be entered he--

Maximum size = 200 words

If LNK = 0, no entry
Logical variable (LNK) to identif, link forces; if

True - use ID numbers (NLINK w-rds)
False — use X, Y, and Z coordi tes (NLINK/Z words)

Maximum size = 50 words

Time (floating point seconds)

15 retrieval parameters

*Number of words per data block = 16 + NENG + NEXT ¢ NLINK ¢ 3*NMODES e TWRD
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ISAS FLIGHT CONDITIONS FILE — Continued

FORMAT — Continued

Description

NENG Thrust for each engine in order 1 through
words NENG (real number)
NEXT Force value for each external force in numerical
words order (real number)
1
word
woid X, Y, and Z translational accelerations
Data Block +
for first time 1
(cont.) ) word
Néi; : :E?g"’ 1 X-direction rigid body rotational acceleration
3*NMODES words) word (real number)
1 Y-direction rigid body rotational acceleration
word (real number)
1 Z-direction rigid body rotational acceleration
word (real number)
woid X-coordinate of center of gravity (real number)
wo:d Y-coordinate of center of gravity (real number)
wo:d Z-coordinate of center of gravity (real number)

TNumber of words per data block = 16 + NENG + NEXT + NLINK + 3*NMODES = TWRD

ORICINAL PAGE 15
OF POOR VAL
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ISAS FLIGHT CONDITIONS FILE — Concluded

FORMAT — Concluded

Description

NLINK Force value for each link in numerical order
words (real number). If NLINK is equal to zero, this
block will not be on file
NMODES Modal acceleration for each mode in numerical
Data Block woids order (real number)
for + <
first time
(conc.) NMODES Modal velocities for each mode in numerical
words order (real number)
NMODES Modal displacements for esch mode (real number)
L words
Data Block
for TWRD
second time
Data Block ;
last time
280 )
words
. The number of time blocks is equal to the number -
: Lof times (NTME) divided by 280. If the time
. increment is regular (TINC ¥ 0), there will not
be any tire blocks
280
words
>

*Number of words per data block = 16 + NENG + NEXT + NLINK + 3*NMODES = TWRD
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LIFTING SURFACE FLUTTER INPUT FILE

GENERAL

This file will be used exclusively in the Lifting Surface Flutter/
Unsteady Aerodynamic Forces function &nd will contain mass data,
stiffness data, and unsteady generalized forces data.

Type of interface: IV

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

Modified by: None

Used by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

PURPOSE OF INTERFACE

This file will contain all the data needed by the batch Flutter
Solution Program.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The format of this file will be determined during the functional
design stage.
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LIFTING SURFACE FLUTTER OUTPUT FILE

GENERAL

This file will contain such flutter solution data as flutter
frequency, flutter velocity, and flutter damping. It will also
contain flutter mode shape data.

Type of interface: 1V

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Flutter Solution Program (batch)

Modified by: None

Used hy: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

PURPOSE OF INTERFACE

This file will be a storage area for flutter solution data and
flutter mode shape data. This file will be used to produce
terminal tabulations and graphical displays of the flutter data.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The format of this file will be determined during the functional
design stage; however, it will ccntain the following information.

e Title information
® Number of grid points
e Grid point ID rumbers and coordinates

e Number of modes
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LIFTING SURFACE FLUTTER'OUTPUT FILE - Concluded

FORMAT — Concluded

e Altitude

e Mach number

¢ Reduced frequency
¢ VFlutter velocity
e Flutter damping

e Flutter frequency

e Modal displacement
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LINEAR SYSTEMS DYNAMICS PROGRAM OUTPUT FILE

TBD
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LOAD COEFFICIENT DATA FILE

GENERAL

This data file will contain vehicle component identification,
load station identification, and the load coefficients for each
of the load stations.

Type of interface: III, IV

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Load Coefficient Generator

Modified by: None

Used by: Body Loads Analysis, Load Coefficient
Generator

PURPOSE OF INTERFACE

This file will provide the load coefficients needed for the
body loads calculations.

CONFIGURATION CONSTRAINTS

The major file variables will have the following maximum limits:

Subfiles (NOFILE) = 25

Vehicle components (NVEHCO) = 10
Load stations (NLOADS) = 100
Modes (NMODES) = 200

Degrees of freedom (NDF) = 1200
Nodes (NNODE) = 400

Links (NLINK) = 50
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LOAD COEFFICIENT DATA FILE - Continued

FORMAT

File Location
and
Identification
Block
(336 words)

Block describing
file size
(28 words)

ORIGINAL PAGE IS
OF POOR QUALITY]

N

24
words

words

word

word

12
words

12
words

word

word

word

word

word

word

word

word

Description

Title

Spare

Number of files (NOFILE), maximum = 25

Pointer to beginning location of file number 1

Identification information for file number 1

Pointer to beginning location of last file

Identification information for last file

Number of vehicle components (NVEHCO)

Number of load stations (NOLOAD)

Number of modes (NMODES)

Number of degrees of freedom (NDF)

Number of nodes (NNODE)

Number of degrees of freedom for link forces
(NOLN)

Number of 1links (NLINK)

X-coordinate reference point
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LOAD COEFFICIENT DATA FILE - Continued

FORMAT - Continued

Description

woid Y-coordinate reference point
Block describing
file size
(conc.) 1
word Z-coordinate reference point
1 SYM - logical variable which, if true, indicates
word symmetric modes are used
1 ANTI - logical variable which, if true, indicates
word antisymmetric modes are used
16
words Spare
woids Identification of first vehicle component
Vehicle Component . .
ID Block £ . .
(NVENHCO*3 words) . .
woids Identification of last vehicle compcnent
18 Load coefficients for rigid body X, Y, and 2
words force components (6 words each component)
18 Load coefficients for rigid body X, Y, and Z
words moment components (6 words each component)
NMODES* 3 lLoad coefficients for elastic body loads
wuré; X, Y, and 7 force components (NMODES words
Load «octlicients ] for each component)
for load station { Lo :
. Load coefficients for elastic body loads
QR
numher 1 Nrgggf 3 X, Y, and Z moment components (NMODES words
) for each component)
NDF#*3 l.oad coefficients for force leads X, Y,
;ord; and ¢ force components (NP words for each
) component)
NDI#S Load cocfficicats for force loadg XE Y,
and 7 momcnt components (NDF words for each
AGE B words componient)
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LOAD COEFFICIENT DATA FILE — Continued

FORMAT — Continued

Load coefficients
for load station
number 1 (conc.)

Load coefficients
for load station
number 2

Load coefficients
for last load
statjion

<

M

J

NOLN*3
words

NOLN*3
words

36
words

NMODES*6
words

NDE*6
words

NOLN*6
words

36
wordgs

NMODES*6
words

NDF*6
words

NOLN®*6
words

Description

Load coefficients for 1ink force loads X, Y,
and Z force cornponénts (NOLN words for each
component) ‘

Load coefficients for link force loads X, Y,
and Z moment] components (NOLN words for each
component)

Rigid body load coefficients

Elastic body load coefficients

Force load coefficients

Link force load coefficients

Rigid body load coefficients
Elastic body load coefficients
Force load coefficients

Link force load coefficients
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{. LOAD COEFFICIENT DATA FILE — Continued

FORMAT - Continued

word

word

word

word

{NLOADS*4 words) .
Load Station < .
ID Block .

word

word

word

word

ORIGINA} PAGE
OF POOR QUALI’I’IYS

Description

X-coordinate of first load station

Y-coordinate of first load station

Z-coordinate for first load station

Pointer for first load station to
Vehicle Component Block identifying
vehicle component for this load station

X-coordinate for last load station

Y-coordinate for last load station

Z-coordinate for last load station

Pointer for last load station to
Vehicle Component Block identifying
vehicle component for this load station
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LOAD COEFFICIENT DATA FILE — Continued

FORMAT — Continued

.

Description

r
1 .
word X-coordinate for first node
1 .
word Y-coordinate for first node
1 .
word Z-coordinate for first node
NODE Coordinate . .
ID Block < . .
(NNODE*3 words) . .
woid X-coordinate for last node
1 .
word Y-coordinate for last node
woid Z-.oordinate for last node
>
1
word ID number for first node
NODE ID Block 4 . .
(NNODE words) . .
wo:d 1D number for last node
I
word
NDF words J . 1D number for each degree of freedom
1
word
\
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LOAD COEFFICIENT DATA FILE - Concluded

FORMAT - Concluded

Description

f
woid X-coordinate of link number 1
1 .
word Y-coordinate of link number 1
1 . -
word Z-coordinate of link number 1
Link Coordinavz . .
ID Block < . .
(NLINK*3 words) . .
woid X-coordinate of link number NLINK
1 . ,
word Y-coordinate of link number NLINK
1 . .
word Z-coordinate of link number NLINK
>
vord ID number for first link
Link ID Block . ¢
{NLINK words) <4 . .
1 . .
word ID number for last link
\
la}
(¥ e
SN
Gﬁ Qo
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LOAD COEFFICIENT NAMELIST INPUT DATA FILE

TBD

A-100



Ll

LOAD INPUT DATA FILE

GENERAL

This file will contain the required load coefficisnts at the
selected load stations from thLe Load Coefficient Data file. 1t
will also contain the times from the Compressed Aerodynamic
Forces and Conditions File at which loads are to be calculat.d.

Type of interface: 1V

Interface medium: Randor access mass storage
Output method: NTRAN

Created by: Body Loads Analysis
Modified by: None

Used by: Body Loads Analysis

PURPOSE OF INTERFACE

A1l information needed for the body load calculations will be
contained on this file in an easily accessible format.

CONFIGURATION CONSTRAINTS

The major file variables will have the following maximum limits:
Vehicle components (NVEHCO) = 10

Load stations (NOLOAD) = 100

Degrees of freedom for elastic body forces (NOEB) = 200
Degrees of freedom for engine and external forces (NOEF) = 200
Decgrees cf freedom for aerodynamic forces (NOAE) = 1200

Degrees of frcedom for link forces (NOLN) = 50
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LOAD INPUT DATA FILE — Continued

FORMAT

tieader
Information 1

Block word

{56 words)

Vehio le Component .
1D RBlock .
(NVEHCO*3 words) .

words

ORje
op p AL,
e

Description

Title and identification information

Ildentification of Compressed Aerodynamic Force
and Conditions File used to create this file

Number of vehicle components (NVEHCO)

Number of load stations (NOLOAD)

Number of degrees of freedom for elastic body
forces (NOEB)

Number of degrees of freedom for engine and
external forces (NOEF)

Numbcr of degrees of frecdom for aerodynamic
forces (NOAL)

Number of degrees of freedom for link
forces (NOLN)

Number of time (NITIME) contained on this file

Spare

Identification of first vehicle component

fdentification of last vehicle component
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LOAD INPUT DATA FILE - Continued

FORMAT — Continued

Description

( 18 Load coefficients for rigid body X, Y, and Z
words force components (6 words for each component)
18 Load coefficients for rigid body X, Y, and Z
words moment components (6 words for each component)
NOEB*3 Load coefficients for elastic body loads X, Y,
words and Z force components (NOEB words for each
component)
NOEB*3 Load coefficients for elastic body loads X, Y,
words and Z moment components (NOEB words for each
component)
NOEF*3 Load coefficients for external force loads X, Y,
words and Z moment components (NOEF words for each
Load coeffi- component)
cients for
load station
number 1 NOEF*3 Load coefficients for external force loads X, Y,
words and Z moment components (NOEF words for each
compcnent)
NOAE*3 Load coefficients for aerodynamic force loads X,
words Y, and Z force components (NOAE words for each
component)
NOAE*3 Load coefficients for aerodynamic force loads X,
words Y, and Z moment components (NOAE words for each
i component)
NOLN®3 LLoad coefficients for link force loads X, Y, and
words Z force components (NOLN words for each component)
NOLN*3 Load coefticients for link force loads X, Y, and
words Z moment components (NOLN words for ecach component)
? 36 Rigid bod a4 coeffi
words igi ody load coefficients
Load coeffi-
1 "
?é:gtztﬁg{on ] :25256 Elastic body load coefficients
number 2
'S
ngidg External force load coefficients
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LOAD INPUT DATA FILE — Continued

FORMAT — Continued

Description

Load coeffi- Ngﬁf;g Aerodynamic force load coefficients
cients for
load station
number 2
{conc.) N:t?;: Link force load coefficients
36 c s ..
words Rigid body load coefficients
NOEB*6 . - A
words Elastic body load coefficients
Load coeffi- ,
cients for NOEF%6 -
last load words External force load coefficieants
station
NOAE#*6 . ..
words Aerodynamic force load coefficients
NOLN#*6 . -
words Link force load coefficients
\
( 1
word X-coordinate of first load station
1 < . .
word Y-coordinate of first load station
1 . .
word Z-coordinate of first load station
load Station
1D Block 9 1 Pointer for first load station to vehicle compo-
(NOLOAD®*4 words) word nent block identifying vehicle component for
this load station
1 , .
word X-coordinate for last load station
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LOAD INPUT DATA TILE - Concluded

FORMAT — Concluded

Description

1 . R
word Y-coordinate for last load station
Lo:g g{::;on J woid Z-coordinate for last load station
(NOLOAD*4 words)
(conc.)
1 Pointer for last load station to vehicle
word component block identifying vehicle component
} for this load station
wo:d First time for data contained on this file
1 Data block number on Compressed Aerodynamic
word Force and Conditions File where the data for
the first time is stored
Time and Data . .
Pointer Block < . .
(NITIME*2 words) . .
1 . . .
word Last time for data contained on this file
1 Data block number on Compressed Aerospace
word Force and Conditions File where the data for
the last time is stored
\
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LOAD OUTPUT FILE

GENERAL

The Load Output File will contain the influence coefficients
which will define the loads or stresses in a predefined set of
elements as a function of the externally applied loads.

Type of interface: IV

Interface medium: TBD

Output method: TBD
Created by: NASTRAN Postprocessing
Modified by: TBD
Used by: NASTRAN Postprocessing

PURPOSE OF INTERFACE

This file will store the stress or load influence coefficients
as developed in the NASTRAN Postprocessing and will be used
as input to calculate internal loads in that same function.

CONFIGURATION CONSTRAINTS

The existing constraints will be the same as those of the Body
Loads File.

FORMAT

This file should contain the following parameters:

e Control points of the model (in terms of Cartesian coordinates)
e Element sets associated with each control point

e Coefficient matrices for each element
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MASS/GRID/MODAL FILE

TBD
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MATERIAL DATA FILE

TBD
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TBD

MAXIMUM LOADS DATA FILE
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MERGED FLIGHT CONDITIONS FILE

GENERAL C

This file will contain selected flight conditions data to be
used by other ISAS functions.

Type of interface: III

Interface medium: TBD
Output method: TBD
Created by: Flight Conditions Merge
Modified by: None
~ Used by: Flight Conditions Merge, Force Inputs to

Internal Loads Analysis

PURPCSE OF INTERFACE

This file will be a highly selected source of flight conditions
data from multiple ISAS Flight Conditions Files to be used in
Force Inpdts to Internal Loads Analysis.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The actual format of this file will not be available until the
functional design specifications have been developed. The
information in this file will be the same as for the ISAS Flight
Conditions File but with some additional data, as specified in
section 4.13 (Flight Conditions Merge).
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MODEL LOADS FILE

GENERAL

This temporary data file will contain images of NASTRAN cards.
The card images will be constructed by ISAS from data contained
in the ISAS data base files.

Types of interface: 1II, III, IV

Interface medium: Tape or tape-simulated mass storage

Output method: FORTRAN formatted write

Created by: Force Inputs to Internal Loads Analysis

Modified by: Force Inputs to Internal Loads Analysis

Used by: NASTRAN, Internal Loads and Dynamic
Characteristics

PURPOSE OF INTERFACE

This file will be used to transmit data (in images of NASTRAN
cards) to the batch program NASTRAN.

CONFIGURATION CONSTRAINTS

Each card will be composed of 80 Fieldata characters and con-
tained in a single record.

FORMAT
One record Card image of first
(14 words) NASTRAN card
One record Card image of last
(14 words) NASTRAN card
Lnd-of-file mark RN
End-of-file mark NN
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MODEL LOADS FILE - Concluded

FORMAT — Concluded

DETAILED FORMAT OF A NASTRAN CARD IMAGE

Fieldata characters for the 14 words on a NASTRAN card will be
contained in card columns as shown below.

Word Card Column
1 1-6
2 7-12
3 13-18
4 19-24
5 25-30
6 31-36
7 37-42
8 43-48
9 49-54

10 55-60
11 61-66
12 67-72
13 73-78
14 79-80
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MODEL MATERIAL FILE

GEMNERAL

This file will contain the material properties of the model.

Type of interface: 1III

Interface medium: TBD

Output method: TBD

Created by: Model Material File Generator

Modified by: None

Used by: Model Weight File Generator, Properties and
Allowables, Internal Loads and Dynamic
Characteristics

PURPOSE OF INTERFACE

The parameters of this file will be used to provide structural
material properties data to any analysis program and iSAS
functions.

CONFIGURATION CONSTRAINTS

None exist at this time.

FORMAT

The format of this file will be developed as a part of the
functional design specifications. Table 4.21-1 lists the data
to be contained in this file.
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MODEL TEMPERATURE FILE

GENERAL

This data file will contain time history temperature data for a
structural model.

Type of interface: 111

Interface medium: TRD

OQutput media: TBD

Created by: Model Temperature File Generator

Modified by: Model Temperature File Generator

Used by: Internal Loads and Dynamic Characteristics,

Model Material File Generator

PURPOSE OF INTERFACE

This file will serve as a central source for time histories of
the temperature at each grid point of a structural model.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The actual format of this file will not be availablc until the
ISAS functional design specification has been completed. The
following information will be contained in the file for each
time frame.

® Grid point identification

e Temperature at ecach grid point
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MODEL WEIGHT FILE

GENERAL

The Model Weight File will contain the weight at each s.ructural
mode. _.id point.

Type of interface: III

Interface medium: " BD

Output method: T3D

Created by: Model Weight File Generator

Modified by: Model Weight File Generator

Used by: Force Inputs to Internal Loads Analysis,

Internal Loads and Dynamic Characteristics,
Load Coefficient Generator, Model Weight
File Generator

PURPOSE OF INTERFACE

This file will provide weight data of the model for other ISAS

functions.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The data on this file will include:

e Structural model grid point numbers
e Coordinates of each grid point

® Wcight at each grid point., identified as taken from the
Basic Weight File or caiculated from data from the Model
Matecrial File




MODEL WEIGHT FILE — Concluded

FORMAT — Concluded

® Mass at each grid point

® Mass matrix [6 x 6] for each grid point, including the nine
mass moment of inertia terms

e Center of gravity of the structural model

e The 24-word title information
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MODIFIED BODY LOADS FILE

GENERAL

This file has the same format as the Body Loads File. The dif-
ference is that this file will contain updated elastic body loads
force and moment components.

Type of interface: III, IV

Interface medium: Random access mass storage
Output method: NTRAN

Created by: Body Loads Analysis
Modified by: None

Used by: Body Loads Analysis

PURPOSE OF INTERFACE

This file will be used to produce selected tabulations and
graphical displays of the body loads data.

CONFIGURATION CONSTRAINTS

The constraints for this file will be the same as for the Body
Loads File (see page A-39).

FORMAT

The format for this file will be the same as for the Body Loads
File (scc page A-40).
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MOVIE INPUT FFILE

TBD
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NAPSAP OUTPUT DATA FILE

TBD
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NASTRAN INPUT LOADS FILE

GENERAL

This temporary data file will be used to store large numbers of
different types of NASTRAN card images.

Type of interface: I, III, IV

Interface medium: Tape or tape-simulated mass storage
Output method: NTRAN
Created by: Force Inputs to Internal Loads Analysis,

Body Loads Analysis
Modified by: Force Inputs to Internal Loads Analysis

Used by: Force Inputs to Internal Loads Analysis

PURPOSE OF INTERFACE

The NASTRAN Input Loads File will be used as a storage area for
a large number of NASTRAN card images which can be used to
create input to NASTRAN. The blocking of the file will allow
for the rapid retrieval of data and compressed storage.

CONFIGURATION CONSTRAINTS

Each data record will contain 280 words. The first unused wora
of the last data record will contain "999999" in Fieldata.
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FORMAT

First
record
(280 words)

Last
record

NASTRAN INPUT LOALS FILE — Continued

28
words

14
words

280
words

''999999"

HEADER RECORD

24
words

word

words

Description

Header record

Image of first NASTRAN card

Image of 20th NASTRAN card

End-of-file indicator

144 characters of file identification
information

Number of NASTRAN card images

Spare
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NASTRAN INPUT LOADS FILE — Concluded

FORMAT — Concluded
DETAILED FORMAT OF A NASTRAN CARD IMAGE

Fieldata characters for the 14 words on a NASTRAN card are con-
tained in the file words, as shown below.

Word Card Column
1 1-6
2 7-12
3 13-18
4 19-24
5 25-30
6 31-36
7 37-42
8 43-48
9 49-54

10 55-60

11 61-66

12 67-72

13 73-78

14 79-80
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NASTRAN OUTPUT-2 FILE

GENERAL

This file will be used as input to the NASTRAN Postprocessing
function. It will be created by a NASTRAN execution prior to
processing the ISAS function.

Type of interface: I

Interface medium: TBD

Output method: NTRAN

Created by: Outside ISAS (NASTRAN)
Modified by: None

Used by: NASTRAN Postprocessing

PURPOSE OF INTERFACE

This file will be used to store the input bulk data deiining
the problem and the results of the structural analysis.

CONFIGURATION CONSTRAINTS

The constraint existing at this time is that all analysis data
shotld be filed by load case number.

ELRMAT

The data on this file should include:
e Title and subtitle

e Grid definition and coordinates

e LE.cment definitions and properties

e Applied loads, pressures, and temperatures filed by subcase
number
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NASTRAN OUTPUT-2 FILLE — Concluded

FORMAT — Concluded

Supplementary data that may be included on the file are:
e Grid point displacements

e Element forces

e Llement stresses

e Total applied loads

e Constraint forces

e Dynainic characteristics (modes and frequencies)

® Grid point velocities and accelerations

® Mass Data
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NASTRAN SORTLD DATA FILE

GENERAL

This data file will be used to store several different types of
data output created in the NASTRAN Postprocessing function.

Type of interface: 1III, IV

Interface medium: TBD

Output method: TBD

Created by: NASTRAN Postprocessing

Modified by: TBD .

Used by: NASTRAN Postprocessing, Fatigue Assessment

PURPOSE OF INTERFACE

The NASTRAN Sorted Data File will store various types of data,
depending on the processing option chosen in the NASTRAN Post-
processing. The file may contain results for terminal displays,
and irput for demand or application programs.

CONFIGURATION CONSTRAINTS

None exist at this time.

FORMAT

The format is not fixed for this file and will be dependent on
its epplication.
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PANEL FLUTTER INPUT FILE

GENERAL

This file will contain all information needed as input to the
Panel Flutter Program.

Type of interface: 1II

Interface medium: Sequential mass storage

Output method: NTRAN

Created by: Panel Flutter function
Modified by: None

Used by: Panel Flutter Program (batch)

PURPOSE OF INTERFACE

This file w:11 be used as a storage area for all input data
needed by the Panel Flutter Program. The user can input the
data at the terminal and verify that all input is correct.

CONSTRAINTS

e The maximum number of grid points will be 100.

® The maximum number of elements will be 100.

FORMAT

The format of this filc will be determined during the functional
design. The following information will be contained on this
file.

e A 24-word title block
e Plate thickness

e Poisson's ratio

Young's modulus

® Mass density of plate
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PANEL FLUTTER INPUT FILE ~ Corcluded

FORMAT — Concluded

e Dynamic pressure

e Mach number

e Free-stream velocity

e Panel Flutter Program control options
e 120-character title

e Grid point ID numbers

e Grid point coordinates

e Grid point external ID numbers

¢ Definition cf elements

e Nodal constraints
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PANEL FLUTTER OUTPUT FILE

GENERAL

This file will contain all data output from the Pan:1 Flutter
Program.

Type of interface: 1

Interface medium: Sequential mass storage

Output method: NTRAN

Created by: ‘anel Flutter Program (batch)
Modified by: None

Used by: Panel Flu®ter function

PURPOSE OF INTERFACE

This file will be used as storage for data output by the batch
Panel Flutter Program. The demand Panel Flutter function will
tabulate all data contained on this file.

CONF1GURATION CONSTRAINTS

e The data will be output following the header block in
504-word (18 sector) blocks.

e The maximum number of grid points will be 100.

® The maximum number of elements will be 100.

FORMAT

The exact format of this file (header blocks, etc.) has not been
determined at this time; however, it will contain multiple files
and cach file will have the following format.
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PANEL FLUTTER OUTPUT FILE — Continued

FORMAT - Continued

flcader Block
128 words)

24
words

word

word

word

word

word

worls

word

worids

words

ORIGINAL PAGH IS
HF POOR QUALITY

Type

- Description

144 characters of file identification information

Nusber ~f grid points

Smallest gria point ID

Largest grid point ID

Number of elements

First grid point ID

X, Y, and Z coordinates of first grid point

Last grid point number

X, Y, and Z coordinates of last grid point

f.1ement nodes of first element

slement nodes of last element
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PANEL FLUTTER OUTPUT FILE - Concluded

FORMAT - Concluded

Type Pescription
wo:d R First natvral frequency of input pancel
wo:'d R Second natural frequency of input panel
wml'd R Calculated flutter frequency
wo}'d R Calculated dynamic pressure at flutter frequency
wml*d A End data flag = "999999" {six alphanureric 9's;
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RESPONSE OUTPUT FILE

GENERAL

This file will be produced as output by the Gust Response and
Turbulence Response Programs.

Type of interface: IV

Interface medium: TBD
Output method: TBD
Created by: Aircraft Gust and Boost Turbulence Loads
Modified by: None
Used by: Aircraft Gust and Boost Turbulence Loads

PURPOSE OF INTERFACE

This output file of the Gust Response and Turbulence Response
Programs will contain the aircraft response to the power spectra
for the various load conditions. The user will be able to view
graphic plots and tabulations of the data. Data from this fi.e
will also be used in the formation of a Boost and Aircraft Flight

Conditions File.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The file format will be determined as part of the functional
des’ 1 phase.
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RUNNING WEIGHT FILE

GENERAL

This file will contain "running weight' data of the model cal-
culated from the Basic Weight File and Model Weight File.

Type of interface: II1

Interface medium: TBD

Output method: TBD

Created by: Model Weight File Generator
Modified by: None

Used by: Load Coef: 'nt Data File

PURPOSE OF INTERFACE

This file will be used to produce distributed weight data of
the model.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

This file should include:

e Model grid »noint numbers

e Coordinates of cach grid point
e Discrete weights at coordinates

e Cartesian coordinates of terminal points for running weight
data

¢ Running weight across each pair of terminal points
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GENERAL

RUNSTREAM INPUT FILE

The Runstream Input File will contain images of 80-column cards

to be used as input for batch analysis programs.

Type of interface:
Interface medium:
Output method:
Created by:
Modified by:

Used by:

PURPOSE OF INTERFACE

I

Tape or tape simulated mass storage
Simulated FORTRAN write

Internal Loads and Dynamic Characteristics
Internal Loads and Dynamic Characteristics

NASA Structure Analysis Program (NASTRAN),
Automated Structural Optimization Program
(ASOP), Analysis of Aerospace Structures by
the Displacement Method Program (Air Force
Program), Internal Loads and Dynamic
Characteristics

This file will be used to store card images of a runstream,
which will be constructed by the Internal Loads and Dynamic
Characteristics function of ISAS, and will be input to the batch
analysis programs — NASTRAN, ASOP, and Analysis of Aerospace
Structures by the Displacement Method. The type of data to be
included will be dependent upon the problem being analyzed and

the batch program to be used.

CONFIGURATION CONSTRAINTS

ach card will be composed of 80 Fieldata characters and each
card will comprise a logical record.
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RUNSTREAM INPUT FILE — Concluded

FORMAT

The format of this file will be identical to the Model Loads
File format (see page A-110).
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SADSAC TAPE

GENERAL

The SADSAC aerodynamic data set tape will be a binary tape

created on the UNIVAC 1108 with FORTRAN write statements at
medium density (556 bpi). The tape will contain pressure,

ferce, and loads data obtained from wind tunnel tests.

Type of interface: 1

Interface medium: Tape

Output method: FORTRAN write

Created by: SADSAC System

Modified by: None

Used by: SADSAC Reformat Program

PURPOSE OF INTERFACE

This tape will be the source of experimental wind tunnel pres-
sure data for ISAS. At the present time only the pressure part,
total force, and moment of the data will be retrieved for ISAS.

CONFIGURATION CONSTRAINTS

None known.

FORMAT

The data on this tape will be divided into groups (aerodynamic
data sets) wnich will be identified by a data set type and a
data set name. The three types of aerodynamic data sets will
be force, local loads, and pressure data sets.

Fach data set will begin with a FORTRAN logical record containing
thr data sct type identifier written 25 times. These type
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SADSAC TAPE - Continued

FORMAT — Continued

identifiers will be *FDSET (force data sets), *LDSET (local

loads data sets), and *PDSET (pressure data sets). The body

of the data sets will be subdivided into two sections, a header
record and data records. The header record will contain the
data set descriptor, reference data, and independent variable
data. The data records will contain the dependent variable data.

The cerodynamic data set tape will contain one or more data sets
stacked consecutively but without regard to order of data set
type or name. The end of the tape will be indicated by two
indicator record: and a FORURAN end-of-file mark. The first
indicator record will contain the word END written 25 times,
which will indicate the end of the data sets. The second indi-
cator record will contain the word ENDFIL written 25 times,
which will indicate that the FORTRAN end-of-file mark is next

on the tape.

PRESSURE DATA SET CONTENT DESCRIPTION

The body of the pressure data set will be subdivided into two
sections, a header record and the dependent variable data records.

Pressurc Data Set lleader Record

The header record will be one FORTRAN logical recor< written in
binary. This record will contain 1020 + NMN + 2*(NPAR + NXDIM +
NUMTAP) words. The variables in this expression are described
in the header record description which follows.

Variable
Name Type Description
PDSET A Contains the characters *PDSET, which are

the pressure data set identifier
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SADSAC TAPE — Continued

EORMAT — Continued

Variable
Name Type Description

IDENT A Six-character label used to reference the
data set

DDATE A Data set creation date, 2 words

CNFNAM A Data set configuration name, 8 words

TTYPE I Data set type: 1 = raw data; 2 = nominalized
data

NMN I Number of values for the first independent
variable (<20)

NUMTAP I Number of taps (positicns) at which the
dependent variable is measured (<2500)

NAMDEP A Name of the dependent variable

ANCMIN F The lower range used in gradient computation

ANGMAX F The upper range used in gradient computation

DLIMIT F The lower and upper limits of the first inde-
pendent variable, the second independent vari-
able, the tap position data (X, Y, and Z dimen-
sions), and the dependent variable, respectively

NPAR I Number of parameter values in the data set
(<10)

NAMPAR A Names of parameter values, NPAR words

PARVAL F Parameter values, NPAR words

REF F,A Reference data values and units, 14 words;

these values represent REFS, REFL, REFB, XMPR,
YMRP, ZMRP, and SCALE
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SADSAC TAPE - Continued

FORMAT — Continued

Variable
Name Type Description

IDPVAR A Names of the independent variables, 2 words

NAAX I The number of values of the second independent
variable associated with each value of the
first independent variable, 20 words

XMACH F Values of the first independent variable,
400 words

ALPHA F Values of the second independent variable.
400 words

TRUNNO I Run and rerun numbers associated with each
value of the first independent variable,
40 words

NAMCON A Names of the wind tunnel test conditions,
4 words

TSTCON F Values of the wind tunnel test conditions,
80 words

NAMDIM A Names of the dimension variables (position
of pressure taps), 3 words

NXDIM I Number of values for the first dimension
variable (X position of pressure taps)
(<250)

XDIM F Values of the first dimension variable (X
position of pressure taps), NXDIM words

NSEC I Number of configvration sections (<10)

SECLIM F The upper and lower limit that defines each

section, 11 words
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SADSA(C TAPL — Continued

FORMAT — Continued

Variable
Name Type Description

NAMSEC A Names of each section, 3 words per section,
30 words

IX I Array of indices that associates YDIM and
ZDIM with XDIM; i.e., IX(N) - IX(N-1) is
the number of YDIM and ZDIM values associated
with the value XDIM(N)

YDIM F Values of the second dimension variable
(Y-position of pressure taps), NUMTAP words

IDIM F Values of the third dimension variable

(Z-position of pressure taps), NUMTAP words

Pressure Data Set Dependent Variable Data Records

NMN

The dependent variable data records will be 3, NAAX(I) FORTRAN
1=1

logical records written in binary. Each record will contain

NUMTAP words.

Variable
Name  Type Description

cp F Discrete dependent variable data, NUMTAP words

FORCE DATA SET CONTENT DESCRIPTION

The body of the force data set will be subdivided into a header
record and the dependent variable data records section.

Force Data Set Header Record

The header record will be one FORTRAN logical record written in
binary. It will contain 64 + 4*NDV + 2*NPAR + NMN*(2*MAXNAA + 24)
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SADSAC TAPE — Continued

FORMAT - Continued

words. The variables in this expression are described in the
following header record description.

Variable
Name Type Description

FDSET A Contains the characters #*FDSET, which are
the force data set identfier

IDENT A Six-character label used to referenc< the
data set

DDATE A Data set creation date, 2 words

CNFNAM A Data set configuration name, 3 words

ITYPE I Data set type: 1 = raw data; 2 = nominglized
data

MODE I Data set mode: 1 = pitch angle varies;
2 = yaw angle varies

NMN I Number of values for the first independent
variable (<20)

MAXNAA I Maximum number of values for the second
independent variable for the data set
(largest values in the NAAZ array) (<50)

NAAX I Number of values of the second independent
variable associated with each value of the
first independent variable, NMN words

XMACH F Values of the first independent variable,
NMN*MAXNAA words

ALPHA F Values of the second independent variable,

NMN#*#*MAXNAA words
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FORMAT — Continued

Variable
Name Type Description

IRUNNO I Run and rerun numbers associated with each
value of the first independent variable,
2*NMN words

RNL F Reynolds numbers, NMN words

NDM I Number of univariate dependent variables (<20)

NAMDM A Names of the univariate dependent variables,
20 words

DM F Univariate dependent variable data, 20*NMN
words

Force Data Set Dependent Variable Data Records

There will be one unformatted FORTRAN logical record per
dependent variable. Each record will contain NMN* (MAXNAA + 1)
words. These records will be writtean in the same order as the
dependent variable names (NAMDEP) in the header record. The

description of this record follows.

Variable
Name Type Description
I F Discrete dependent variable data, NMN*MAXNAA
words
(M) ¥ Gradient dependent variable data, NMN words

LOADS DAYA SET CONTENT DESCRIPTION

The body of the local loads data set will be subdivided into two
sections, a header record and the dependent variable data records.
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FORMAT -~ Continued

Loads Data Set Header Record

The header record will be one FORTRAN logical record written in
binary. This record will contain 1031 + 4*NDV + 2*NPAR + NUMDIM
words. The variables in this expression are described in the
following header record description.

Variable
Name Type Description

LDSET A Contains the characters *LDSET, which are
the local dcta set Ter

IDENT A Six-character labe 2feicnce the
data set

DDATE A Data set creation dnte, _.1ds

CNFAM A Data set configuration name, 8 words

ITYPE I Jata set type: 1 = raw data; 2 = r rinalized
data

ANGMIN F The lower range used in the gradient
computations

ANGMAX F The upper range used in the gradient
computations

NMN I Number of values for the first independent
variable (<20)

My T Number of dependent variables in the data set
(£5)

Vv (T,1) A Names of the dependent variables in the data

set

NAMDV (1,2) 1 Relative sector addresses of values for the
dependent variables

XMLIM F The lower and upper limits for the first

independent variable
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Variable

Name

APLIM

DIMLIM

DLIMIT

APSR

NAMPAR
PARVAL
REF

IDPVAR

FILREF

NAAX

AMACH

‘LPHA

IRUNNO

Type
F

Description

The lower and upper limits for the
second independent variable

The lower ard upper limits for the third
independent \criable

The lower and upper limits for the dependent
variable data, 2*NDV words

Number of parameter values in the data set
(<10)

Names of the parameter values, NPAR words
Parameter values, NPAR values
Referencs data valuesz and units, 14 wor.

Nzmes of first and second independent
variables, 2 words

Document reference des~ription, 3 words

Number of values of the second independent
variable associated with each value of the
first independent variable, NMN values

Values of the first independent variable,
400 words

Values of the second independert variable,
400 words

Run and rerun numoers associat~d with each
v~lue of the first independent variable,
4" ords
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FORMAT — Continued

Variable

__Name Type Description

NAMCON A Names of the wind tunnel test conditions,
4 1ords

TSTCOM F Values of the wind tunnel test conditions,
80 words

NAMDIM A Name of the third independent (dimension)
variable, 1 word

NUMDIM 1 Number of values of the dimension variable
(<250)

DIM F Values of the dimension variable, NUMDIM words

NSEC I Number of configuration sections (<10)

SLCLIM F The upper and lower limits that define each
section, 11 words

NAMSEC A Names of each section, 3 words per section,

30 words

Los "= Data Set Dependent Variable Data Records

The dependent variable data records will be NDVANMN FORTRAN
logical records written in binary. Each record will ccntain
21*(1 + NUMDIM + NSEC) words. These records will be writtean an
the same order as the dzpendent variable names [NAMDV(I,1)} in
the header record. Theie will be NMN records for eacl dependent
variable.

\ariavle
Name Type Description
NDV ' Numter of dependent variables in the data

set (~10)
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Variable
Name iype Description

NDPVAR . | Names and relative sector addresses of the
dependent variables, 2#NDV words

XMDIM F The lower and upper limit for the first
independent variable, 2 words

APLIM F The lower and upper limit for the second
independent variable, 2 words

DLIMIT F The lower and upper limits for the dependent
variable data, 2*NDV words

ANGMIN F The lower range used in the gradient
computations

ANGMAX F The upper range used in the pradi=nt
computations

NPAR I Number of parameter values in the data set
(£10)

NAMPAR A Names of thc parameter valuas, NPAR words

PARVAL F Parameter values, NPAR words

REF F,A Reference data values and units, 14 words;
these values  represent REFS, REFL, REFB,
XMRP, YMRP, ZMRP, and SCALE

IDPVAR A Names of the independent variable, 2 words

FILREF A Document reference description, 3 words

D b Discret: dependent variable data, 20*NUMDIM
words

GD F Gradient dependent variable data, NUMDIM words
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Variable

Name Type
DS F
GDS F
DV F
GDV F

Description

Section dependent variable

Gradient section dependent
NSEC words

Vehicle dependent variable

Gradient vehicle dependent
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data, 202*NSEC words

variable data,

data, 20 words
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SCRIBI. OUTPUT FILE

GENERAL

This permanent data file will contain NASTRAN force and moment
card images. For each grid point, there will be one of each
card type. This data will include scaled force components
(Fx, Fy, Fz) and the scaled morent components (Mx’ My, Mz)'

Type of interface: 1

Interface medium: Random access mass storage

Output mecthod: NTRAN

Created by: Scaled Rigid Body Loads Program (SCRIBL)
Modified by: None

Used by: Force Inputs to Internal Loads Analysis

PURPOSE OF INTERFACE

This file will be used as input to produce images of NASTRAN
cards, which w.11 contain scaled body loads to be included in
a NASTRAN analysis.

CONFTGURATION CONSTRAINTS

The length of the Structure ID Block and th2 Substructure ID
Blocks will be fixed at 84 words. Only the number of structurecs
and substructurcs defined in these 84 words will be allowed on
this file.
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SCRIBL OUTPUT FILE — Continued

FORMA™

24
words

Title P 1
Block word

words

word

word

word

Structure 4
IT. Rlock .

s

iD Block
of tirst
structure

Substructure J

ORIGINAL; pag
E IS
POOR quarTY

Type

Description
144 characters of file identification information
Sector address of first unused sector
Spare
Number of structures contained on fil.

ID of first structurc

Pointer (word index within this record) to
location of substructures associated with f-rst
structure

1D of last s3tructure

Pointer (word index within this record) %o
location c¢f substructures associated with last
structure

Number of substructures in the first structure
iD of first substructure in the first structure
Sector address of data for this first substructure

Numbher of grid points in this substructure

ID of last substructure i1n the first <tructure
Sector address of data for this last substructure

Mumber of zrid points in this substructure
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. SCRIBL OUTPUT FILE — Continued

FORMAT - Continued

Tvpe Description
( wo}d I Number of substructures in the last structure
woid A ID of first substructure in the last structure
woid 1 Sector address of data for this substructure
1 < . . .
Substructure word 1 Number of grid poiats in this substructure
ID Block
of last S . .
*ructure . .
wold A ID of last substructure in the last structure
wo:d I Sector address of data for this substructure
woid I Number of grid points in this substructure
¥ Unused words at the end of the Structure and
- Substructure ID Blocks. The total length of
. these tlocks is fixed at 84 words. These
. unused words will be used as additional struc-
tures and sul structures are added to the file
First PData block for first substructure in the first
Data structure. See description of data bloc“ on
Block following page
Last Data block for last substructure ir the last
Nata structurc. See description of data block on
Bf JYS olock following page
N \3
ﬁwY'PAXﬂ 24 A 144 characters of information describing this
OY\XG {\O% Q\) words substructure
oF ¥ 4 s
words pare
wo:d 1 Lord set identification (SID) for first grid point
1 I Grid point identification number for first grid
word point
uo:d R Scale factor (S) for first grid point
|



SCRIBL OUTPUT FILE — Concluded

FORMAT — Concluded

Type Description
woid R X-force component (F ) for first grid point
wo:d R Y-force component (Fy) for first grid point
woid R Z-force component (Fz) for first grid point
wo:d R X-moment component (Mx) for first grid point
wo:d R Y-moment component (My) for first grid point
woid R Z-moment component (Mz) for first grid point
vord I  Load set identification (SID) for last grid point
1 I Grid point identification number for last grid
word point
wn:d R Scale factor (S) for last grid point
wn:d R Y-force component (F) for last grid point
wo:d R Y-force component (Fy) for last grid point
wo:d R Z-force component (Fz) for last grid point
wo:d X-moment component (Mx) for last grid point
wo:d N Y-moment component (My) for last grid point
wo:d R Z-moment component (Mz) for last grid point
[ .

gRIGINAB PAGE I3
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SECTION PROPEKRTIES AND ALLOWABLES FILE

GENERAL

This file will contain the collccted material properties,
geometric properties, and computed allowable stress for each

section of a vehicle.

Type of interface: IV

Interface medium: TBD

Output method: TBD
Creatad by: Properties and Allowables
Modified by: None
Used by: Properties and Allowables

FURPOSLE OF INTERFACE

This file will be used by the Properties and Allowables function
as a central storage area for all of the input data required to

calculate allowables.

CONFIGURATION CONSTRAINTS

Data for only one structure can be placed on the file. The

structure can have a maximum of 30 regions (subsiructures).

FORMAT

The actual format of this file will not be developed until the
functional design specificutions are completed. The informaticn
listed below will be contained in the file for each station of

cach region.
® Scction identification number
e Secction type identification

e X, Y, and I coordinates of station
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SECTION PROPERTIES AND ALLOWABLES FILE — Concluded

FORMAT - Concluded

® Geometry parameters (b, t, R, ¢)

e Material compressive modulus (E)

e Material tensile ultimate stress (FTU)
e Poisson's ratio (u)

® Material compressive yield stress (FC)
e Material shear stress (FS)

e Material secant modulus (Es)

e Material tangent modulus (Et)

e Curve shape factor (n)

e Curve secant yield stress (F0.7)

® Local buckling allowable stress (FCR)
e Crippling allowable stress (FCC)

e Shear buckling allowable stress (FSCR)
e Section properties

a. For panels - equivalent thickness (t), radius of
gvration (p)

b. For beams — cross sectional area, centroid location,
moment of inertia about each beam axis, radii of gyratiecn
about cach beam axis, the polar moment of inertia, the
torsional constant for the section, and the shear areas
of the section

® 24-words of titlec information
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TBD

SELECTED MODAL DATA FILE
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SKIN FRICTION DATA FILE

TBD

A-154



STANDARD ATMOSPHERE FILE

TBD
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STATIC AXRODYNAMIC INFLUENCE CCEFFICIENTS FILE

GENLERAL

This file will be created by the Lifting Surface Flutter/Unsteady
Aerodynamic Forces function and will contain gr:d points, aero-
dynamic influence coefficients, and other aerodynamic parameters.

Type of interface: 1IIi{

Interface medium: Ran-dom access mass storage

Output method: NTRAN

Created by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

Modified by: None

Us~d by: Static Aeroelasticity

PURPOSE OF INTERFACE

This file will be iused as a storage area for aerodynamic
influence coeificients data and will be used as input to the
Static Aeroelasticityv function.

CON-"TGURATINON CONGTRAINTS

TiD

FORMAT

The format of - ixs f1le - .. *v.  zae .- the Aerodynamic
Influence Coefiicivut: ri.
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STATIC AEROELASTICITY FORCE COEFFICIENT DATA FiLE

GENERAL

Th:. €ile will contain force coefficient data for the wing and
vertical tail and will be a product of the Aerodynamic Loads
function.

Type of interface: I, III

Interface medium: Random access mass storage
Output method: NTRAN

Created by: Aerodynamic Loads

Modified by: None

Used by: Static Aeroelasticity

PURPOSE OF INTERFACE

Wing and vertical tail force coefficient data will be calculated
in the Aerodynamic Loads function and stored in this file. The
data can be displayed at the terminal. The file will subse-
quently be used as input to the demand Static Aeroelasticity
Correction Program (STAC).

CONFIGURATION CONSTRAINTS

Constraints will correspond to those of the Force Coefficient
Data File (see page A-62). However, data will be limited to the
wing and vertical tail only.

FORMAT

The format for this file will be identical to that for the Force
Coefficient Data File (see page A-66).
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STATIC AEROELASTICITY INPUT FILE

GENERAL

The input data for the batch Static Aeroelasticity Program will
be obtained from three sources — card or terminal, Structural
Influence Coefficients File, and Aerodynamic Influence Coeffi-
cients File. The demand Static Aeroelasticity function will
provide the user with a method of collecting all of the required
data and will supply the data to the Static Aeroelasticity Pro-
gram through the Static Aeroelasticity Input File.

Type of interface: 1II

Interface medium: Sequential mass storage

Output method: NTRAN

Crcated by: Static Aeroelasticity function
Modified by: Static Aeroelasticity function

Used by: Static Aeroelasticity Program (STAPO01)

PURPOSE OF INTERFACE

This file will contain all of the input required by the Static
Aeroelasticity Program. The input will consist of output

options, 2rid point identifications, grid point location data,
pressure coefficients, aerodynamic influence coefficient matrices,
structural influence coefficient matrices, and other data.

CONFIGURATION CONSTRAINTS

e The maximum numbcr of aerodynamic panel control points will
be 100.

e The maximum number of columns of Cp points will be 16.

e The maximum number of words in case description will be 144.
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STATIC AEROELASTICITY INPUT FILE - Continued

FORMAT
—_— Description

Description block for first case (see format
on page A-158)

Data block for first case (see format on page A-159)

Description block for last case (see format on
page A-158)

Data block for last case (see format on page A-159)

DESCRIPTION BLOCK

Qi Type Description
24 A File title and information block
words
1 I 1f first case, number of cases contained on file
word (NCASAS); for all other cases, spare
1 I Number of words in case description (NT),
word maximum = 144
1 I Total number of aerodynamic panel control points
word (NP}, maximum = 100
wo:d 1 Number of columns of Cp points (NPNL), maximum = 16
Batch program output options (IOPT)
ORIGINAB PAGE IS I0PT(1) = 2, will list input and output data
= 0, will not list
UALITY ’
OF POOR Q IOPT(2) = 1, will generate 4060 plots associated
with input data
10 1 = 2, will generate 4060 plots associated
words with output data
= 3, will genernte 4060 plots associated
with both input and output data
I0PT(3) = 1, wing structure
!:) = 2, vertical tail structure
10PT(4) = 1, will compute divergent dynamic pressure
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STATIC AEROELASTICITY INPUT FILE - Continued

FORMAT - Continucd

DESCRIPTION BLOCK — Concluded

NPNL
words

words

DATA BLOCK

'x - s6

14

NP
words

NT
words

word

word

word

word

word

NP
words

NP
words

NP
words

- NPNL

Type

Type

Number of Cp

Spare

Description

points per column (NC)

Description

ldentification (ID) of aerodynamic panel control

points

General description of case (TITLE)

Angle of attack (alpha) in degrees

Mach number (RMACH)

Dynamic pressure (DP) in lb/in.2

Y-coordinate

Z-coordinate

X;coordlnate

Y-coordinate

Z-coordinate
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of wing root (YR) in inches

of vertical tail root (ZR) in inches
of each Cp point (X) in inches

of each cp point (Y) in inches

of each Cp point (Z) in inches



STATIC AEROELASTICITY INPUT FILE - Concluded

FORMAT - Concluded

DATA BLOCK — Concluded

Type Description

wgids R Aerodynamic panel areas (B) in inches squared

NP R Rigid pressure coefficients (DCPR)
words gid p
NP*NP R Aerodynamic influence coefficients matrix (A)
words in radians
NP®NP R Structure influence coefficients matrix (S) in
words radians

A
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STATIC ACEROELLASTICITY OUTPUT FILE

GENERAL

This file will contain the program output of the Static Aero-
elasticity Program (STAP).

Type of interface: 1

Interface medium: TBD

Output method: TBD

Created by: Static Aeroelasticity Program (STAP)
Modified by: Static Aeroelasticity

Used by: Static Aeroelasticity, Aerodynamic Loads

PURPOSE OF INTERFACE

With this file, the user can view, on the remote termi..al, data
produced by STAP. The file will then be reformatted as necessary
and used as input to the Aerodynamic Loads function.

CONFIGURATION CONSTRAINTS

A maximum of five cases (NCASES) will be the only configuration
constraint.

FORMAT

The file format will be determined during the functional specifi-
cations phasc. The file will contain the following:

e .Job title/ID information
e Anglc of attack
® Mach number

e Wing root Y-coordinate
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STATIC AEROELASTICITY OUTPUT FILE — Concluded

FORMAT - Concluded

e Vertical tail root Z-coordinate

® Divergent dynamic pressure

e Total rigid panel load

e Total aeroelastic panel load due to iliexibility
e Wing and tail moments

e Flexible-to-rigid load ratio

e Control point X, Y, and Z coordinates

e Aeroelastic panel areas

e Rigid pressure coefficients

e Structural slope

@ Pressure coefficients due to flexibility
e Flexible-to-rigid panel pressure ratio

e Rigid aeroelastic panel load

e Aeroelastic panel load due to flexibility

e Flexible-to-rigid panel loading ratio
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STIFENESS, MASS, AND MODES FILE

TBD
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STRESS DATA FILE

TBD
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STRUCTURAL ALLOWABLE DATA FILE

GENERAL

This file will represent a central source for structural allow-
able data for each section of a unique model.

Type of interface: III

Interface medium: TBD

Output method: TBD

Created by: Properties and Allowables

Modified by: Properties and Allowables

Used by: Internal Léads and Dynamic Characteristics

PURPOSE OF INTERFACE

This file will provide structural allowable data for a unique
model to other ISAS functions and to batch structural analysis
programs.

CONFIGURATION CONSTRAINTS

Data for only one structure can be placed on the file. The
structure can contain a maximum of 30 regions (substructures).

FORMAT

The actual format of this file will not be developed until the
ISAS functional design specifications are completed. The informa-
tion listed below will be contaired in the file for each section
of each region.

® Section identification number
® Section type identification

e X, Y, and Z coordinates of station
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STRUCTURAL ALLOWABLE DATA FILE - Concluded

FORMAT — Concluded

e Allowable compressive stress (Fc)

)*

e Allowable torsion stress (Ftor

e Allowable bending stress (Fb)*

e Allowable shear stress (FS)

e Allowable stress due to pressure (Fp)*

F *®
y)

e Allowable biaxial stress field (Fx,

® Allowable tension stress (Ft)

*The sottware t~ calculate values for these parameters has
not been defined and vill not be included in the initial Phase B
detailed requirements locument.
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STRUCTURAL INFLUENCE COEFFICIENTS FILE

TBD
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TEMPERATURE DATA FILE

GENERAL

The Temperature Data File, which will be created outside of ISAS,
will contain a time history of ...e thermal loading of a vehicle.

Type of interface: 1

Interface medium: TBD

Output method: TBD

Created by: Thermal Technology Branch
Modified by: No ISAS function

Used by: Model Temperature File Generator

PURPOSE OF INTERFACE

This file will be used to transmit a description of the thermal
model and values ot temperature at cach thermal mude to the
Structures Branct 'FS52) and ISAS. The data, contained in this
file, will be used to calculate temperature at each structural
grid point.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The ¢ctual format of this file will not be available until the
ISAS functional design specifications have beer completed. The
following is a partial list of the information to be contained
in the file.

¢ Thermal node point identification

e X, Y, Z coordinates of thermal node points
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TEMPERATURE DATA FILE - Concluded

FORMAT — Concluded

e Time N
e Temperature (°F) of each thermal node point

The file can contain more than one time frame.
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TEMPORARY MODEL WEIGHT FILE

GENERAL

This file will contain subtotal values of weights calculated
while processing the Model Weight File.

Type of interface: IV

Interface medium: TBD
Output method: TBD
Created by: Model Weight File Generator
Modified by: None
Used by: Model Weight File Generator

PURPOSE OF INTERFACE

A comparison of the subtotals on this file will be used to
determine that the Model Weight File is being built satisfactorily.

CONFIGURATION CONSTRAINTS

Subtotals can be calculated for subsystems, substructures, and
so forth, to the lowest identifiable part of the model.

FORMAT

This file should include:

e Substructure or identifiable part of model
e Subtotal for that part

e Identification of subtotal as to source (Basic Weight File
or structural model data)
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TRAJECTORY DATA FILE

TBD
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TRANSFORM EQUATIONS FILE

T8D
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TURBULENCE SPECTRA FILE

TBD
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UNSTEADY AERODYNAMIC GENERALIZED FORCES FILE

GENERAL

This file will be a product of the tatch Adjusted Aerodynamics

Program.

Type of interface:

Interface medium:
Output method:
Created by:
Modified by:

Used by:

PURPOSE OF INTERFACE

IV

TBD

TBD

Aircraft Gust and Bocst Turbulence Loads
Nonce

Aircraft Gust and Boost Turhulence Loads

This file will contain grid points, reduced frequencies, gener-

alized forces, aerodynamic influence coefficients matrix, and

other aerodynamic parameters. It will be used to furnish data

for the creation of the Gust Input File. Data tabulations and

graphics will bc available at the terminal.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

TBD
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UNSTEADY AERODYNAMIC INPUT FILE

GENERAL

This file will contain modal frequency data, interpolated modal
displacement data, Mach number, air density, and set of reduced
frequencies.

Type of interface: 1V

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Lifting Surface Flutter/Unsteady Aerodyanmic
Forces

Modified by: None

Used by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

PURPOSE OF INTERFACE

All data needed by the Unsteady Aerodynamic Computational Program
will be contained on this single input file.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The format of this file will be determined during the functional
design stage; however, it will contain the following information:

e Title information
e Number of grid points
® Grid point ID numbers and grid point coordinates

o Number of modes
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d

UNSTEADY AERODYNAMIC INPUT FILE — Concluded

FORMAT — Concluded

e Modal frequencies

e Interpolated modal displacemert data
e Mach number

@ Air density

e Set of reduced frequencies
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UNSTEADY AERODYNAMIC OUTPUT FILE

GENERAL

This file will contain aerodynamic influence coefficients, down-
wash distribution matrix, aerodynamic pressure distribution
matrix, unsteady aerodynamic generalized forces, and the area
matrix.

Type of interface: 1V

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Lifting Surface Flutter/U steady Aerodynamic
Forces

Modified by: None

Used by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

PURPOSE OF INTERFACE

This file will be a storage area for éll'unsteady aerodynamic
data output by the batch Unsteady Aerodynamic Computational Pro-
gram. This file will be used to produce terminal tabulations
and graphical displays.

CONFIGURATION CONSTRAINTS

TBD

FORMAT

The format of this file will be determined during the functional
design stage; however, it will contain the following information.

e Title information
e Number of grid points
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UNSTEADY AERODYNAMIC OUTPUT FILE - Concluded

FORMAT — Concluded

Grid point ID numbers and coordinates

Number of modes

Altitude

Mach number

Reduced Frequency

Downwash distribution matrix

Unsteady aerodynamic influence coefficients matrix
ARea matrix

Aerodynamic pressure distribution matrix

Unsteady aerodynamic generalized forces matrix
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UNSTEADY FLUTTER GENBRALIZED FORCES FILE

GENERAL

This file will be used exclusively in the Lifting Surface Flutter/
Unsteady Aerodynamic Forces function and will contain grid points,
reduced frequencies, unsteady aerodynamic generalized forces, and
other aerodynamic parameters.

Type of interface: 1IV

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

Modified by: None

Used by: Lifting Surface Flﬁtter/Unsteady Aerodynamic
Forces

PURPOSE OF INTERFACE

This file will be used as a storage area for unsteady aerodynamic
generalized forces data. This file will be used to transmit data
from the Unsteady Aerodynamic Forces subsystem to the Lifting
Surface Flutter subsystem of the Lifting Surface Flutter/Unsteady
Aerodynamic Forces function.

CONFIGURATION CONSTRAINTS
TBD

FORMAT

The format of this file will be determined during the functional
design stage.
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UNSTEADY GUST GENERALIZED FORCES FILE

GENERAL

This file will be created by the Lifting Surface Flutter/Unsteady
Aerodynamic Forces function and will contain grid points, reduced
frequencies, unsteady aerodynamic generalized forces, and other
aerodynamic parameters.

Type of interface: II1

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Lifting Surface Flutter/Unsteady Aerodynamic
Forces

Modified by: None

Used by: Aircraft Gust ahd Boost Turbulence Loads

PURPOSE OF INTERFACE

This file will be used as a storage area for unsteady aerodynamic
generalized forces data. This file will be used as input to the
Aircraft Gust and Boost Turbulence Loads function.

CONFIGURATION CONSTRAINTS

TRD

FORMAT

The format of this file will be determined during the functienal

desipgn stage.
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USER MODAL FILE

CENERAL

This data file will contain modal information require. by ISAS
and several batch analysis programs.

Type of interface: 1

Interface nedium: Tape

Output method: Unformatted FORTRAN write

Created by: NASTRAN-to-FRISBE Modal Tape Conversion
Program (NASTOF)

Modified by: TBD

Used by: POGO Modal Response Program, Lifting Surface

Flutter/Unsteady Aerodynamic Forces, Random
Vibration Analysis,‘Aircraft Gust and Boost
Turbulence Loads, Load Coefficient Generator,
FRISBE, FLAP, BOLO, FREQ, TAPCAR, TAPMOD,
BROWN, TRANS, MERGE, ¥TD, LOCO, SATOF, NRDBOK,
MODCON, TAPCON, CONDIN

PURPOSE OF INTERFACE

This data file will provide a necessary data link between
NASTRAN and other programs and ISAS functions which require
modal information.

CONFIGURATION CONSTRAINTS

¢ The maximum number of grid points (NNODES) will be 300.

e The maximum total number of degrees of freedom (NDF) will
be 750.
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USER MODAL FILE - Jontinuced

FORMAT
Type Description
woid 1 Number of data sets on tape + 1 (NFTLES)
EOF
Title 12 .
Record words A 72-characters of alphanumeric title
;
wo:d I Total number of degrees of fre: lom (NDF)
word I Number of modes (NMODE)
WEBSS 1 A-ray of degree-of-freedom indicators
word I Number of grid points (NNODES)
Record <
type 2
NNODES Cfienes . .
words I l1der. ification numbers of grid points
3f§§ggas R X, Y, and Z cour'inates of each grid point
wzggs R Diagonal mass matrix
! R Generalized mass
L word
¢
1
word R Modal frequency
Record D,
type 3
NDF .
words R Modal deflections at that frequency
\
. Kecord type 3 for modes ¢ through NMODES
GIy,
OF p-YAL
POOR PAGE ).
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USER MODAL FILE - Concluded

FORMAT — Concluded

Type Description
r
uoid I Firct grid point identification number
4 A 24-character descriptive name associated with
words first grid point
Record ) ) .
type 4 . -
word 1 Identification number of NNODEth grid point
4 A 24-character descriptive name associated with
L words NNODEth grid point
r
NDF . <
words R First row of mass matrix
Record * *
type S . .
NDF <
words NDFth row of mass matrix
\
EOF
Data for data sect 2 (record types 1 through §)
EOF
Data for data set NFILES-1 (record types 1
through 5)
COF
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USER MODEL FILE

GENERAL

This file will contain the detailed geometry of the model to Le
analyzed. The model can be of differing types consistent with
the type of analysis to be performed.

Type of interface: II, IIl

Interface medium: Random access mass storage

Output method: NTRAN
Created by: User Model File Generator
Modified by: User Model File Generator, Force Inputs to

Internal Loads Analysis

Used by: Aerodynamic Data Base Generator, Static Aero-
elasticity, FOCAP, Aerodynamic Loads, Skin
Friction Drag Program, Model Material File
Generator, Element Property File Generator,
Load Coefficient Generator, Lifting Surface
Flutter/Unsteady Aerodynamic Forces, Pancl
Flutter, Modcl Weight File Generator, Random
Vibration Analysis, Aerodynamic Calculations
for Wing and Body Elements, Internal Loads
and Dynamic Characteristics, Forcc Inputs to
Internal loads Analysis, POGO Stability

PURPOSE OF INTERFACE

Various ISAS functions and structural analysis batch prograns
requirce information which describes the model. This file will
represent a common source for geometry data for all of these
programs. The usc of a single source and unique format will
allow the same data to be uscd in multiple programs without any
transformation and the resulting chance of error.
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USER MODEL FILE — Continued

CONFIGURATION CONSTRAINTS

The constraints for this file will be the same as for the Basic
Geometry Data File.
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USER MODEL FILE — Continued

FORMAT

DETAILED FORMAT
Description

Title 28 - . .
Record words 162 characters of title information
r
1 Pointer (sector count) to table containing NASTRAN
word resequencing information
-
~
words 9
woid Number of structures (NST) contained on file
\
~
wo:d First six characters of ID of first structure
36 bits
1 Second six characters of ID of first structure
word - -
36 bits
1 Last three characters | Code corresponding to
word of ID of first ID of first structure
structure
1-18 19-36
ho:d Pointer (word index within this record) to loca-
tion of Jdata for first structure
36 bits
4ANST . .
words 1 . .
1 First six characters of 1D of last structure
word 36 bits
1 Second six characters of ID of last structure
word 36 bits o
\ Last three characters | Code corresponding to
\ of 1D of last 1D of last structure
wor structure
1-18 19-36
1 Pointer {word inde. within this record) to loca-
word tion of Jata for last structure
—_———
36 bits
\
1 i Numb¢: of substructures in the first strucrure
word word (NSSI)

ORIGINAL, PAGE I
QUALITY
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FORMAT — Continued

DETAILED FORMAT - Continued

-

word

word

word

word

Q*NSS‘ <
words

word

word

USER MODEL FILE — Continued

Description

of first structure

First six caa.acters of ID of first substructure

36 bits

of first structure

Second six characters of ID of first substructure

36 bits

Last three characters of
ID of first substructuyre
of first structure

Code corresponding to
ID of first substructure
of first structure

1-18

19-36

structure

Pointer (word index within this record) to loca-
tion of data for first substructure of first

36 bits

of first structure

First six characters of ID of last substructure

36 bits

of first structure

Second six characters of ID of last substructure

36 bits

Last three characters
of ID of last sub-
structure of first
structure

Code corresponding to
ID of last substructure
of first structure

1-18

19-36

structure

Pointer (word index within this record) to loca-
tion of data for last substructure of first

36 bits

Numter of substructures in NSTth structure

(NSSN)
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USER MODEL FILLE — Continucd

FORMAT - Continued

DETAILED FORMAT — Continucd

4*NSS
words

10 wards
tepeintod
lor c¢ach
substructure
contained
on the tile

(

N

word

Description

First six characters of 1D of first substructure

of NSTth structure

36 bits

First six characters of ID of NSSyth substructure

of NSTth structure

36 bits

Second six characters of ID of NSSyth substruc-

turce of NSTth structure

word

36 bits

—
Last threce characters

of ID of NSSyth sub-
structure of NSTth
structure

Code corresponding to 1D
of NSSytk substructure of
NSTth structure

word

1-18

19-36

Pointer (word index within this record) to loca-
tion of data for NSSyth substructure of last

NSTth structure

word

36 bits

Not used

Number of grid points/
tap positions (NGP)

1
word

19-36

Not uscd

Pointer (sector count}) to
grid point/tap position
and X, Y, 2 Coordinate
fable for first substiuc
ture of first structurc

word

1-18

19-36

Not used

Pointer (sector count) to
aerodynamics information
for fuselage, wing, or
vertical tail

word

19-36

Not used

Pointer (sector count) to
Element Header Block

1-18
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USER MODEL FILE — Continued

FORMAT — Continued

DETAILED FORMAT — Concluded

Description

1 Pointer (sector count) to
word Not used Coordinate System Identi-
: fication Table
1-18 19-36
1 Pointer (sectcr count) to
word Not used additional surface defini-
tion data
1-18 19-36

Pointer (sector count) to

10 words word Not used Cell Identification Table
repeated
for each 1-18 19-36
substructure ﬁ
contained 1
on the file N N d
(conc.) word ot used ot use
1-18 19-36
1 Pointer (sector count) to
word Not used grid point description data
1-18 19-36
wo:d Not used Not used
L 1-18 19-36
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(]

USER MODEL FILE — Continued

FORMAT — Continued

AERODYNAMIC INFORMATION TABLE

6 words

AENSET
words

ORIGINAL PAGE I3

.OF POOR QUALITY]

r

Y4

word

word

wo.d

word

word

word

word

word

word

Description

L for fuselage
B“ for wing
Bv for vertical tail

xREF for fuselage

Cw for wing
Cv for vertical tail

YREF for fuselage
XLE for wlng. ‘
xLE for vertical tail

ZREF for fuselage
XTE for wing
XTE for vertical tail

Not used for fuselage

2ig
Not used for vertical tail

for wing

Not used for fuselage
ZTI for wing
Not used for vertical tal

X/). for fusclage at first C_ position
Y/Bw for wing at first Cp position
Z/Bv for vertical tail at first Cp position

¢ for fuselage at first Cp position
X/C, for wing at first C, position
X/Cv for vertical tail at first Cp position

0 in radians for fuselage at first Cp position
a for incidence angle in degrees for wing at farst

Cp position
Not used for vertical tail
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USER MODEL FILE — Continued

FORMAT — Continucd

AERCDYNAMIC INFORMATION TABLE -~ Continued

Description

R for radius of fuselage at first C_ position
1 Q for dihedral angle in degrees for wing at first
word C_ position
Not used for vertical tail
X/L for fuselage at last C_ position
1 R ce
word Y/B, for wing at last C_ position
Z/Bv for vertical tail at last Cp position
¢ for fuselage at last C_ position
4*NSET words 1 : s
(conc.) 9 word X/C, for wing at last C  position
X/Cv for vertical tail at last Cp position
® in radians for fuselage at last C_ position
1 a for incidence angle in degrees for wing at last
word C_ position
Not used for vertical tail
R for radius of fuselage at last Cp position
1 2 for dihedral angle in degrees for wing at last
word C_ position
L Not used for vertical tail
-
Not used for fuselage
wo:d NSC for number of sections taken along wing
NSC for number of sections taken along vertical tail
Not used for fuselage
3%NSC+1 words J wo:d CE for chord for first section along wing
Cl for chord for first section along vertical tail
Not used for fuselage
woid §, for span along wing to first section
Sl for span along vertical tail to first section
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USER MODEL FILE - Continued

FORMAT — Continued

AERODYNAMIC INFORMATION TABLE — Concluded

Description

Not used for fuselage

1 X for value to front edge of flap at first section
along wing (= 0 if not applicable)

word
X for value to front edge of rudder at first section
along vertical tail (= 0 if not applicable)
3*NSS*1 Not used for fuselage
(zgch) 9 wold Cy for chord for last section along wing
CE for chord for last section along vertical tail
Not used for fuselage
1 . .
word Sn for span along wing to last section

SQ for span along vertical tail to last section

Not used for fusesiage

1 X for value to front edge of flap at last section
along wing (= 0 if not applicable)

X for value to front edge of rudder at last section
along vertical tail (= 0 if not applicable)

word

"+ GINAL PAGE IS
JF POOR QUALITY]
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USER MODEL FILE - Continued

FORMAT — Continued

LOGICAL RECORD LAYOUT FOR GRID POINT/CP POSITION-COORDINATE DATA

Description

r‘
Grid point . rid point . _
1 Wﬁaﬁ number of first é-T;Ll-ﬁo—n in substruc
word p P
ture (NGP) :
NeLT * *
words < : :
1 gliﬂ_?giﬂﬁ- number of last NSET 5I§2_22123- in sub-
word position position
p P
L structure
p
1 . . rid point .
word X-coordinate of first 5;’55%3?735 in substructure
1 Y-coordinate of first 5519—2%%¥£— in substructure
word P pos on
1 . . rid point .
word Z-coordinate of first é;_BBET?TEE in substructure
3ANSET P, . ¢
words . .
1 X-coordinate of last NSET 5519—22353- in substructure
word p position
1 . .+ grid point .
word Y-coordinate of last NSET 5;'33§TTT35 in substructure
1 rid point .
L word Z-coordinate of last NSET 5;'33§T?335 in substructure

Each iugical record of grid point C, position-coordinate data has a maximum word
size of 560 words, which equal 140 grid point-coordinate sets.
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USER MODEL FILE — Continued

FORMAT — Continued

ELEMENT HEADER BLOCK

Maximum length of this block is 28 words (1 sector).

NTELE+1
words

Description

"For element type code, refer to the following table.
Number of spare words (X) = 27 - NTELE

pu
Number of elements in the | Number of types of elements
1 substructure (NELT) in the substructure (NTELE)
word (program documentation will
contain type codeyx)
1-18 19-36
1 First clcment !ype* Pointer (sector count) to
word clements of this type
{ 1-18 19-36
1 Last NTELE element type* Pointer (sector count) to
word elements of this type
L 1-18 19-36
1.
X .
words Spare

Exsg LElement ldentification NhﬁlfﬁNln"lk

1 Simple beam elcement CBAR

2 Rod element CONROD
Tension-compression-torsion clement CROD
{(ROD)

4 Tension-compressinn-torsion clement CTUBL
(TUBRE)

s Quadrilateral membrane clement CQDMEM

6 Isoparametric quadrilateral clement CQDMEM1

7 Quadrilateral memhrane element CQDMEM2

3 Quadrilateral element connection CQDILT

9 Ouadrilateral membrane and bending CQUADL
clement

10 Homogencous quadrilateral memb)ane CQUAD2
and hending element

11 Shear panel clement CSHLAR

12 Triangulur membrrne and bending eltement CTRIAI

13 Triangular clement 'IRTA2

14 Trrangular membrane c¢lement CTRMEM

15 Triangular hending clenent CIRPLT

ORIGINAL PAGE 1§
OF POOR QUALITY
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USER MODEL FILE — Continued

FORMAT ~ Continued

LLEMENT IDENTIFICATION TABLE

Maximum logical record size is 560 words.

if the NASTRAN elements have optional data.

indicators required by an element.

The indicator bits will be present only

NFIELD is the total number of six-bit

Description

wo:d Number of elements of first element type in substructure
woid Element ID number of first element of this type in substructure
wold First required counection specification*
woid Last required connection specification*
f 1 Indicator ! Indicator | Indicator +
word number 1 | number 2 | number 3
1-6 7-12 13-18 19-24 25-30 31-36
1 Indicator + Indicator
word number 7 number 12
1-6 7-12 13-18 19-24 25-30 31-36
Number ‘
of . . . . . . .
WO!‘dS: ﬁ . . . . . . .
1 Indicator
number +
word NFIELD
, 1-6 7-12 13-18 19-24 25-30 31-36
wo:d Data value corresponding to indicator number 1 above
wold Data value correspcnding to indicator number 2 above
NFIELD < ld Data value corresponding to indicator number 3 above
words wor
wo:d Data value corresponding to indicator rumber NFIELD above

Yor explanation of these words refer to descriptions of individual element types in

the NASTRAN User's Guide.

*Number of words equals i iv 1 < NF < 6, equals 2 if 7 < NF < 12, equals 3 if

13 < NF « 18, etc.
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USER MODEL FILE — Continued

FORMAT - Continued

ELEMENT IDENTIFICATION TABLE — Concluded

(IF'}kgﬂgglngﬁtzg;ls
Ty

word

word

QUar

Description

Element ID number of next element of the element type continued
from previous Jogical record

First required conncction specification

Indicator | Indicator
number number
1-6 7-12 13-18 19-24 25-30 31-36

Data value corresponding to indicator numbor NTIELD
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USER MODEL FILF - Continued

FORMAT - Continued

COORDINATE SYSTEM IDENTIFICATION TABLE

Description

1 Number of coordinate systems defined for substructure
word (NCID)
Number of grid points Coordinate system iden-
1 defined using this'coor- tification number
word dinat system (NGPCI)
1-18 19-36
r‘
1 Grid point number
word P
woid Grid point number
NG %o rds 9
uo:d Grid point number
~
1 Code for type* of coordinate system (refer to coor-
word dinate system notes in NASTRAN User's Guide for
definition of type of coordinate system).
-
1 - . s ias F
word Data for coordinate system definition
wn?ds J wo:d Data for coordinate system definition¥®
Number of grid points Coordinate system iden-
1 defined using this coor- tification number
word dinate system (NGPCy)
t 1-18 19-36

“Tor voordinate system type code refer to this table format description.

*Refer to coordinate system notes in the NASTRAN User's Guide for the number and
meaning of the data words required to define the coordinate system.
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USER MODEL FILE — Continued

FORMAT — Continued

COORDINATE SYSTEM IDENTIFICATION TABLE — Concluded

r
H . .
word Grid point number
1 Grid point number
word
NGPCN words <
1 Grid point nunmber
word
“
1 Code for type of coordinate system (refer to
word coordinate system notes)
r
1 Data for coordinate system dcfinitlnn%
word nre
" . .
words { : :
1 .
‘ A
word bata for coordinate system definition
.

)
"Refer te coordinate system notes in NASTRAN User's Guide for the number and mearing
ol the Jdata words required to define the courdinate system.

COORDINATE SYSTEM TYPE CODE TABLE

{ypv Description .NAS1RAN
Code Card Type
t Cvlindraical (oovdinate system defainition CORDLLC
()R{GINAT' PAGE 1S M Rectangular coordinate svstem detinitoon CORDIR
EH\ § sphencal coordinate system definttion CORDIS
OEkax)R,(ﬂJAJJ J A ' ) ¢
1 Cvlindrical coordinate system defimition CORDC
" Rectanguiar coordinate system defaniton CORD R
6 Sphertcal coordinate system detnition CORDIS
3
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FORMAT — Conti.auad

USER MODEL FILE — Continued

ADDITIONAL SURFACE DEFINITION DATA

92*NGP
per
substructure

words

words

words

words

words

words

Description

Direction cosine of normal with respect to
X, Y, and 2 axes of first grid point in substructure

Tangent of curve with respect to X, Y, and Z axes

Tangent of stringer with respect to X, Y, and Z axes
of first grid point in substructure

Direction cosine of normal with respect to X, Y, and
Z axes of second grid point in substructure

Tangent of curve with respect to X, Y, and Z axes
of second grid point in substructure

Tangent of stringer with respect to X, ?. and Z axes
of second grid point in substructure

Tangent of stringer with respect to X, Y, and Z axes
of last NGP grid point in substructure
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FORMAT — Continued

CELL IDENTIFICATION TABLE FOR ELEMENTS

r
1
word
1
. word
NTELE
words S

USER MODEL FILE - Continued

Description

First elemeant type

Pointer (sector coumt) to
Cell Identification Table
for first element type

1-18

19-36

Second element type

Pointer (sector count) to
Cell 1ldentification Table
for second element type

19-36

Last NTELE element type

Poiater {(sactor count) to
Ceil identification labie
for last NTELE clement type

19-36

Cell ldentification Table Format for Lach Element Type Within a Substructurc

word

Description
Element ID number of first element of this typc in

substructure

word

5
. 1
words ﬁ word

word

word

First cell 1D number of
first element of this type

Second cell 1D number of
first element of this type

i~18

X-coordinate of center of first clement

Y-coordinate of center of

Z-coordinate of center of

rirst clement

19-~36

in substructure

first element in substructine

in substructure




USER MODEL FILE — Continued

FORMAT — Continued

CELL IDENTIFICATION TABLE FOR ELEMENTS — Concluded

Cell Identification Table Format for Each Element Type Withim a Substructure — Concluded

. Description
1 Element ID number of second element of this type im
word substructure
First cell ID number of Second cell ID number of
1 second eleaent of this second element of this
word type type
1-18 19-36
1 .
s ) word X-coordinate of center of second element in substructure
words
vo:d Y-coordinate of center of second element in substructure
uo:d Z-coordinate of center of second element in substructure
\
r
1 Element 1D number of last element of this type in
word substructure
1 First cell 1D number of Second cell ID number of
werd last element of this type | last element of this type
1-18 19-36
S J 1 .
words word X-coordinate of center of last element in substructure
woid Y-coordinate of center of last element in substructure
L wo:d Z-coordinate of center of last element in substructure
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USER MODEL FILE - Concluded

FORMAT — Concluded

NODAL DESCRIPTION DATA

Description
-
-o:ds Grid point description for first grid point
w?‘ds Grid point description for second grid noint
IONSET
words ﬁ . R
wo:ds Grid point description for last grid point
“
O AD
OF poop PAgg 1
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VADIC OUTPUT FILE

GENERAL

This data file, generated by the batch program VADIC, will be
used to supply ambient pressure, dynamic pressure, and compart-
ment pressure to ISAS.

Type of interface: 1

Interface medium: Random access mass storage

Output method: NTRAN

Created by: Venting Analysis (VADIC)

Modified by: None

Used by: Force Inputs to Internal Loads Analysis,

Venting Analysis

TURPOSE OF INTERFACE

For selected flight times, this data file will contain pressure
data and will be used as a common source for this type of data.

CONFIGURATICN CONSTRAINTS

The file can contain data for a maximum of 56 compartments.
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VADIC OUTPUT FILE — Concluded

FORMAT
Type Description
[ 24 '
words A File title
1 : t
word 1 Number of compartments (NCDUM)
NCDUM . .
words 1 Compartment 1D numbers
Header {
Block
1 s . . )
word R First time on file (seconds)
1 . .
word R Last time on file (seconds)
1 < .
word R Time increment (seconds)
[
1 .
word R Time (seconds)
1 : .
] word R Ambient pressure
Time .
Block<
1 : . : -
word R Dynamic pressure
NCDUM . . . i
words R Compartment pressures
.

tMaximum size of NCDUM is 56 compartments.
¥rime blocks always start in word ) of a sector.
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WINDS ALOFT DATA FILE

TBD
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