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1. PURYOSI AND SCOPE 

This documcnt dcfincs thc rcquirements for a software system 
entitled Integrated Stru'ctural Analysis Systcm (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. 
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 2 5  new functions. 
tions are: 

This 

The new func- 

0 Aerodynamic Calculations for Wing and Body Elements 

0 Aircraft Flight Conditions 

0 Aircraft Gust and Boost Turbulence Loads 

0 Basic Structural Dimensions 

0 Boost Flight Conditions 

0 Element Property File Generator 

0 Fatigue Assessment 

0 Flight Conditions Merge 

0 Flight Conditions File Reduction 

0 Intcrnal Loads and Dynamic Characteristics 

0 Lifting Surface Flutter/Unsteady Aerodynamic Forces 

0 Load Coeificicnt Generator 

0 Material Data File Generator 

0 Model Material File Generator 

0 Model 'I'emperaturc File Generator 

0 Panel Flutter 
6, 
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0 POGO Stability 

0 NASA Structural Analysis Program (NASTRAN) postprocessing 

0 Properties and Allowables 

0 Random Vibration Analysis 

0 Static Aeroelasticity 

a Venting Analysis 

0 User Model File Generator 

a Model Weight File Generator 

0 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 .OVERV I EW 

‘The Integrated Strrictural 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 LoPds. 
The requirements for these functions are described in the DetaiZed 
Requ irements  Document For T z t e g r a t e d  StructuraZ A n a l y s i s  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 2 5  functions plus the new require- 
ments and interactive graphics requirements for the 4 Phase A 
functions are described in this document. 

i 

2 . 1  BACKGROUND 

I’rescnt metho’s of structural analysis utilized by the Structures 
Branch require the successive application o f  stane.-alone programs, 
each having unique input/output forlrqts. Each program requires 
a high degree of uscr participation and interaction to select, 
intcrprct, 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 

r’ 
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help relieve these problems, 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 D e t a i l e d  Requirements Document f o r  
I n t e g r a t e d  S t r u c t u r a l  A n a l y s i s  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 far the Space Shuttle program, it is necessary t o  develop a 
systen which will tillow for automated static and dynamic analyses. 
ISAS will be a batch/remote/interactive system using remote graph- 
ical displays and several data bases. 
tain aerdynamic and structural data in sufficient detail and 
quantity to allow prediction of Space Shuttle structur'al behavior 
under a1 1 expected operational conditions. 
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. 

'Che data bases will con- 

The ISAS application 

ISAS will be installed on the IJNIVAC 1110 and the Adage 330 
graphics system. The development of the system will be a ('-31 
but integrated effort in the LEC contract. Category 1 support 
is presently developing application programs under management of 
the Structures Branch (dS2). Lategory 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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g o a l s  of ISAS. Category 4 suppor t  w i l l  a l s o  be r e s .  s i b l e  f o r  
t h e  i n t e r f a c i n g  of t h e  t o t a l  system. 

Wing and f u s e l a g e  c r o s s  s e c t i o n s ,  time p l o t s  of aerodynamic 
load ipg ,  Mach number p l o t s  of aerodynamic f o r c e s ,  and v e h i c l e  
deformation p l o t s  a r e  examples of t h e  type  of g r a p h i c a l  d i s p l a y s  
t h a t  w i l l  be made a v a i l a b l e  a t  t h e  Adage t e r m i n a l s .  i n  a d d i t i o n ,  
i t  i s  planned t h a t  t h e  g e n e r a t i o n ,  and maintenance of t h e  terr.porary 
d a t a  bases  of t h e  system w i l l  b2 accomplished from t h e  Adage t e r -  
mlnal.  Where approproa te ,  t h e  sys t em ' s  a n a l y t i c a l  programs w i l l  
b e  s t a r t e d  througii t h e  u s e  o f  a c o n v e r s a t i o n a l  remote j o b  e n t r y  
f e a t u r e  o f  t h e  U N I V A C  Exec 8 s y s t e m .  

The f e a s i b i l i t y  o f  ISAS's meeting f u n c t i o n a l  Tequirements i s  
dcmonstrated by t h e  f a c t  t h a t  major a 2 p l i c a t i o n s  program compo- 
n e n t s  o f  t h e  s y s t e m  a r e  p r e s e n t l y  o p e r a t i o n a l  and are be ing  

u t i l i z e d  i n  a s t a n d a l o n e ,  b a t c h  processing mode. Components 
y e t  t o  be  developed t h a t  are v i t a l  t o  system o p e r a t i o n  a re  
f e a s i b l e  based on pas t  expe r i ence .  

F i g u r e  2 . 1 - 1  p r e s e n t s  a low r e s o l u t i o n  diagram of t h e  ISAS o p e r -  
a t i n g  concepts .  The s y s t e m  h111 b e  ope ra t ed  v i a  t h e  Adii,e 330 
system, Mhich i s  connected t o  t h e  UNIVRC 1110 v i a  a high speed 
l i n e .  When employing t h e  system, t h e  u s e r  w i l l  a c t i v a t e  t h e  
ISAS Execut ive program. A t  t h i s  p o i n t ,  t h e  u s e r  w i l l  be pre.:nted 
wi th  a number of o p t i o n s ,  one of  which he mus t  s e l ec t .  The ,.orma1 
procedure wculd bc f o r  him t o  s e l ec t  an ISAS f u n c t i o n ,  de f ined  
wi th  c o n v e r s a t i o n a l  d i a l o g u e  t h a t  w i l l  gu ide  t h e  u s e r  through 
t h e  object ive: ,  of t h a t  f u n c t i o n .  T h e  user  may se l ec t  t o  view 
d a t a  from t h e  ISAS d a t a  base o r  t o  b u i l d  a d d i t i o n a l  f i l e s  t h a t  
w i l l  be  merged o r  added t o  t h e  d a t a  base .  A f t e r  t h e  d a t a  manipu- 
l a t i o n  f u n c t i c ~ 1 5  I beeri completed,  t h e  user may w i s h  t o  :;tart 
an a n a l y t i c a l  prt); am which w i l l  b e  xun i n  t h e  ba t ch  mode. In 
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o r d c r  t o  s t a r t  t h i s  ba t ch  program, t h e  u s e r  w i l l  exercise t h e  
Remote Job Ent ry  func t ion  o f  Exec 8 .  

s t a t u s  o f  t h e  ba t ch  j o b  by u s i n g  ano the r  Exec 8 feature ,  FILDRUN. 
If  t h e  j o b  has  been run  and p r i n t  f i l e s  e x i s t ,  t h e  u s e r  may 
i n t e r r o g a t e  t h e s e  f i l es  by us ing  t h e  Exec 8 E d i t o r ,  o r  he may 
u s e  ISAS f u n c t i c n s  t o  review d a t a  con ta ined  i n  t h e  d a t a  base.  

The u s e r  may check t h e  

A 1 1  o f  t h e  a p p l i c a t i o n s  programs shown i n  F igu re  2 . 1 - 1  w i l l  
o p e r a t e  on t h e  UNIVAC 1110 under  t h e  c o n t r o l  oC Exec 8 i n  t h e  
ba t ch  mode. F igure  2 . 1 - 1  does n o t  imply where t h e  ISAS f u n c t i o n s  
w i l l  o p e r a t e .  A d e c i s i o n  w i l l  b e  made du r ing  t h e  development o f  
t h e  system d e s i g n  as t o  where t h e  ISAS funct icms w i l l  r un  (UNIVAC 
1110 o r  Adage D P R 4 ) .  Part  of t h e  ISAS d a t a  base  w i l l  r e s i d e  on 
t h e  Adage mass s t o r a g e .  

2 . 5  ASSUMPTIOM AND CONSTRAINTS 

The d e t a i l e d  requi rements  fo r  ISAS have been developed wi th  t h e  
fo l lowing  assumptions.  

0 The development of lSAS w i l l  no t  r e q u i r e  changes to t h e  NASA 
S t r u c t u r a l  Analys is  Program (NASTRAN), p r e s e n t l y  o p e r a t i o n a l  
a t  t h e  Lyndon B. Johnson Space Center  (JSC). A l l  NASTRAN 
i n p u t / o u t p u t  d a t a  w i l l  conform t o  t h e  r i g i d  inpu t  formats  
d e s c r i b e d  in s e c t i o n  3 of t h e  NASTRAN User's ManuaZ (Level 1 5 ) ,  
NASA SP-222 ( O l ) ,  June  1972. 

0 The hos t  computer w i l l  be t h e  UNIVAC 1110 computer system o r  
an e q u i v a l e n t  c o n f i g u r a t i o n  on which NASTRAN w i l l  o p e r a t e  and 
w i t h  which t h e  Adage 330 g r a p h i c s  system can interface 
s a t i s f a c t o r i l y .  

0 There w i l l  b e  no language l i m i t a t i o n s  f o r  programs such as 
p l o t  packages,  i n t e r a c t i v e  d i a l o g u e  r o u t i n e s ,  e tc .  

k maximum of  seven and an average  of t h r e e  t a p e  d r i v e s  w i l l  
be r e q u i r e d  f o r  each a n a l y t i c a l  ba t ch  j o b  i n  ISAS. These 
d r i v e s  should  a l s o  be  a v a i l a b l e  t o  programs run as remate 

0 
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batch. There w i l l  be no t ape  requirements f o r  t h e  average 
i n t e r a c t i v e  funct ions.  However, some d a t a  management a c t i v i -  
t ies  w i l l  r e q u i r e  t ape  usage, bu t  t h e  frequency of t hese  
a c t i v i t i e s  w i l l  be  very low. 

a A l l  of t h e  d a t a  requirements of ISAS could approach 60 t o  
75 m i l l i o n  words of mass s t o t a g e  on t h e  UNIVAC 1110. However, 
s i n c e  both t h e  ISAS development and t h e  Space S h u t t l e  a n a l y s i s  
w i l l  be phased, it is presen t ly  reasonable  t o  estimate t h a t  
2 2  mil l ion  words of UNIVAC 1110 mass s t o i a g e  w i l l  be  required 
a t  any one time. 

a A l l  d a t a  f i l es  and i n t e r a c t i v e  programs must be designed i n  
such a way t h a t  d a t a  can be r e t r i e v e d  and a d isp ,ay  s t a r t e d  
a t  t h e  te rmina l  wi th in  2 t o  4 seconds on t h e  average. 
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3. OPERATIONAL REQUIREMENTS 

3.1 USER INTERFACE 

The f o u r  b a s i c  requi rements  o f  t h e  u s e r  i n t e r f a c e  f o r  t h e  ISAS 
a r e  : 

0 The c a p a b i l i t y  f o r  t h e  u s e r  t o  e x e r c i s e  c o n t r o l  ove r  t h e  
o p e r a t i o n  of t h e  system. 

0 The c a p a b i l i t y  t o  e d i t  d a t a  ob ta ined  from any d a t a  f i l e  and 
t o  e n t e r  d a t a  i n t o  any d e f i n e d  f i l e .  

0 The c a p a b i l i t y  t o  d i s p l a y  d a t a  ( t a b u l a t i o n s  and g r a p h i c s )  f o r  
manual v e r i f i c a t i o n .  

0 The c a p a b i l i t y  t o  s ta r t  remote b a t c h  a p p l i c a t i o n s  prbgrams. 

Due t o  t h e  very  l a r g e  number o f  i npu t /ou tpu t  f i l es  c o n t a i n i n g  
d i f f e r e n t  t y p e s  of  d a t a  and t h e  requirement  f o r  m u l t i f i l e s  of t h e  
same type ,  t h e  u s e r  must be a b l e  t o  s p e c i f y  t h e  f i l e  t o  b e  used 
a t  any one time. A t  t h e  same time, t h e  u s e r  should be  a b l e  t o  
c o n t r o l  what d a t ?  is t o  he  r e t r i e v e d  from o r  w r i t t e n  o n t o  t h e  
s e l e c t e d  f i l e .  

S ince  I S A S  w i l l  be comprised 0 7  numerous a n a l y s i s  f u n c t i o n s ,  t h e  
u s e r  must be provided w i t h  a method by which he may a c t i v z t e  an 
i n d i v i d u a l  r"unction. Due t o  v a r i o u s  time r e s t r a i n t s ,  it i s  n o t  
always r easonab le  t o  expec t  t h e  user t o  p r o c e s s  any of t h e  ISAS 
f u n c t i o n s  from beginning t o  end. The re fo re ,  i t  is r e q u i r e d  t h a t  
t h e  system be designed i o  t h a t  t h e  user can s t o p  t h e  p rocess ing  
of a f u n c t i o n  and res tar t  a t  t h a t  p o i n t  at  some l a t e r  time. The 
s y s t e m  should p rov ide  a means by which  i t  gu ides  t h e  u s e r  i n  
s e l ec t ing  t h e  p o s i t i o n  t o  s t a r t  p rocess ing  and t o  minimize t h e  
amount of manual i n p u t .  The u s e r  must a l s o  be a b l e  t o  execcte 
many ISAS €unc t ions  i n  + h e  bat.ch mode. 
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I t  is r e q u i r e d  t h a t  t h e  u s e r  have t h e  a b i l i t y  t o  e n t e r  d a t a  
d i r e c t l y  t o  t h e  system v i a  t h e  remote t e r m i n a l ,  This data may 
be used t o  supplement data a l r e a d y  i n  t h e  system or may b e  used 
i n  p l a c e  o f  r e a d i n g  a data f i le .  Also,  t h e  user w i l l  w a n t  t o  
d e l e t e  dat-a a l r e a d y  i n  t h e  system o r  r e p l a c e  some s e l e c t e d  d a t a  
items a t  times. S ince  t h e  data uscd by d i f f e r e n t  f u n c t i o n s  may 
be i n  many d i f f e r e n t  formats, it is very impor tan t  t h a t  t h e  
system g u i d e  the u s e r  concern ing  t h e  format of t h e  d a t a  t h a t  is 
t o  be e n t e r z i .  

'The v a r i o u s  t a b u l a t i o n  and g r a p h i c a l  d i s p l a y s  r e q u i r e d  are 
desc r ibed  i n  t h e  o u t p u t  s e c t i o n s  of each  ISAS f u n c t i o n ,  A t  l o g -  
ical  p o i n t s  throughout  t h e  p r o c e s s i n g ,  t h e  system should  i n d i c a t e  
t o  t h e  u s e r  what d i s p l a y  o p t i o n s  a r e  a v a i l a b l e  a t  t h a t  time, 
.4f ter  a s e l e c t i o n  has  been made, t h e  u s e r  should  have t h e  a b i l i t y  
t o  select  t h e  d a t a  t o  be d i s p l a y e d  and t o  e n t e r  i n fo rma t ion  such  
as p l o t  ranges .  

ISAS w i l l  a l s o  r e q u i r e  t h a t  t h e  fo l lowing  s t a n d a r d  Exec 8 capa-  
b i l i t i e s  be provided t o  t h e  u s e r :  

0 To i n i t i a t e  a ba tch  job t h a t  may r e q u i r e  t a p e  i n p u t  from t h e  
remote t e rmina l .  

0 To check  t h e  s t a t u s  of ba t ch  jcbs t o  de te rmine  i f  t h e y  are 
backlogged, be ing  p rocessed ,  o r  completed. 

0 To create and/or  d e l e t e  mass s t o r a g e  d a t a  f i l e s .  

A d e s c r i p t i o n  of t h e  above c a p a b i l i t i e s  can be  found i n  t h e  IDSD 
Procedures  Manual, p a r t  2 0 ,  e n t i t l e d  Exec 8 System. 

The a b i l i t y  t o  c o n t r o l  t h e  o p e r a t i o n  of ISAS v i a  t h e  remote t e r -  
n i n a l  i s  one of  t h e  b a s i c  requi rements .  The system must be 
designed i n  s u c h  a manner t h a t  t h e  u s e r  need n o t  be  a d a t a  p roc -  
e s s i n g  e x p e r t .  A l s o ,  t h e  system should  n o t  r e q u i r e  t h e  user t o  
make c o n s t a n t  r e f e r e n c e  t o  e i t h e r  an ISAS User's Guide o r  Exec 8 
Reference  Manuat. Guidance should  be provided t o  t h e  u s e r  i n  
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such a way that he is aware of the available options and what 
is expected of him. 
between the user and ISAS. 

Figure 3.1-1 is an example of the dialogue 

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: 

0 A maximum of seven and an average <if three tape drives will 
be required for each analytical batch program. 
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. 

There will be 

0 All of the data required by ISAS could approach 60 to 7 5  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 
2 2  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 2 4  hours. 

0 The FR80 microfilm and 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 
sect ion. 

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

The requiremeiits 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. 

.i :e 
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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) - - - 

I F  NO 
ANY OTHER R I G I D  BODY LOADS TO BE INCLUDED (REPLY YES OR NO) _ _ _  
I F  YES 
ARE THE X,Y,Z TRANSLATION ACCELERATIONS TO BE INPUT V I A  THE 
TERMINAL (REPLY YES OR NO) - - - 
I F  NO 
ENTER F I L E  NAME (MAX. OF 12 CHARACTERS! FOR FLIGHT CONDITIONS 

F I L E  - - - - - - - - - - - - 

Figure 3.1-1 .  - Sample of dialogue betweer! user 
and machine. 
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To p r o v i d e  t h e  i n t c r a c t i v e  graphics  capab i l i t y  required h y  ISAS, 
i t  w i l l  b e  n e c e s s a r y  t o  have two g r a p h i c s  work s t a t i o n s  i n  
Bu i ld ing  1 3  t h a t  have t h e  f o l l o w i n g  f e a t u r e s :  

0 Twenty-one-inch CRT 

0 Keyboard 

0 Funct ion  keys 

0 Ligh t  pen 

0 T r a c k b a l l  

0 Hardcopy c a p a b i l i t y  

0 Character g e n e r a t o r  w i t h  r o t a t i o n  and m u l t i p l e  c h a r a c t e r  sizes 

0 Data t a b l e t  

0 Vector  g e n e r a t o r  w i t h  m u l t k p l e  l i n e  t y p e s ;  i . e . ,  s o l i d ,  dashed ,  
d o t t e d ,  and v a r i a b l e  l i n e  b r i g h t n e s s  

0 Image c h a r a c t e r i s t i c s ,  i n c l u d i n g  th ree -d imens ions ,  zoom, r o t a -  
( ', t i o n ,  t r a n s l a t i o n  o f  s p e c i f i e d  p a r t s  of d i s p l a y ,  au tomat i c  

s c i s s o r i n g ,  and 4096 x 4096 r e s o l u t i o n  

3.3 APPLICATIONS INTERFACE REQUIREMENTS 

I S R S  is  r e q u i r e d  t o  i n t e r f a c e  w i t h  numerous b a t c h  a n a l y s i s  
programs. Th i s  i n t e r f a c e  p l a c e s  three requ i r emen t s  on ISAS: 

0 P r e p a r a t i o n  and v a l i d a t i o n  of i n p u t  f i l e s  f o r  t h e  a n a l y s i s  
programs 

0 Acceptance of o u t p u t  f i l e s  from t h e  a n a l y s i s  programs 

0 A b i l i t y  t o  s t a r t  t h e  a n a l y s i s  programs i n  t h e  remote b a t c h  
mode. 

T h e  ba t ch  a n a l y s i s  programs a re :  

0 Transform Body Loads t o  F i n e  Grid 

0 S c a l e  Rigid Body Loads (SCRIBL) 
r--- 

J 
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0 

0 

0 

a 

e 

System for Automatic Development of Static Aerothermodynamic 
Criteria (SADSAC) Reformat Program 

Aerodynamic Force Coefficient Program (FOCAP) 

Skin Friction Drag 

Analytic Pressure Distribution Program (ACE) 

Aircraft Maneuvers 1 

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 Poict 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 d a t a  conversion (SATOF) 

e Aerodynamic Noise Model 
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0 It;rntlotn Ilcsponsc 

0 S t a t i c  A e r o c l a s t i c i t y  
1 

0 Venting Ana lys i s  D i g i t a l  Computer Program (VADIC) 

Acous t i c  Noise Model Program 

a Adjus t  S t e a d y - S t a t e  Aerodynamic f o r  Unsteady E f f e c t s  and 
C a l c u l a t e  Genera l i zed  Forces  

The  p rcced ing  l i s t  does n o t  c o n t a i n  a l l  t h e  programs t h a t  w i l l  
i n t e l - f a c e  w i t h  ISAS a t  any one time. Any program t h a t  conforms 
t o  the formats  of ISAS d a t a  f i l e s  will b e  a l lowed t o  i n t e r f a c e  
w i t h  ISAS. 

i 
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4 .  ISAS FUNCTION REQUIREMENTS e 
4 . 1  AEROCYNAMIC AND INERTIAL LOADS 

Th i s  f u n c t i o n  o f  ISAS was s e p a r a t e d  i n t o  two subsystems (Force  
I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  and Body Loads A n a l y s i s )  
d u r i n g  Phase A development.  The d e t a i l e d  r equ i r emen t s  f o r  each  
subsystem can  b e  found i n  t h e  Deta i t ed  Requirements Document 
f o r  Integrated  S t r u c t u r a t  AnaZysis System (Phase A ) ,  LEC-0860. 
S i n c e  t h a t  development,  a d d i t i o n a l  r equ i r emen t s  have been c r e a t e d  
f o r  each  subsystem and are  d e s c r i b e d  i n  t h e  fo l lowing  s e c t i o n s .  
Only  t h e  new requ i r emen t s  and g r a p h i c a l  o u t p u t  a re  d i s c u s s e d .  
F igu re  4 . 1 - 1  is a d a t a  f low diagram showing t h e  two subsystems 
f o r  Aerodynamic and Iner t ia l  Loads. 

4 . 1 . 1  FORCE INPUTS TO INTERNAL LOADS ANALYSIS 

4 . 1 . 1 . 1  Purpose 

T h i s  subsystem i s  needed i n  o r d e r  t o  p r e p a r e  a f i l e  o f  NASTRAN 
bulk  d a t a  c a r d  images c o n t a i n i n g  aerodynamic and /o r  i n e r t i a l  
l o a d s .  Once t h e  f i l e  i s  complete ,  it w i l l  b e  i n p u t  t o  NASTRAN 
f o r  a n a l y s i s .  I t  i s  r e q u i r e d  t h a t  t h i s  subsystem he des igned  
p r i m a r i l y  t o  o p e r a t e  i n  t h e  demand mode and p r o v i d e  t h e  remote 
t c r m i n a l  u s e r  w i t h  t h e  a b i l i t y  t o  i n c l u d e  l o a d s  d a t a ,  t o  have 
d - t a  d i s p l a y e d  f o r  h i s  a n a l y s i s ,  and t o  perform d a t a  mod i f i ca -  
t i o n s  and a d d i t i o n s .  F igu re  4 . 1 - 1  shows t h e  d a t a  f low f o r  t h e  
Force I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  subsystem. 

4 . 1 .  1. 2 Input  

The i n p u t  d a t a  r e q u i r e d  by t h i s  subsystem can be c b t a i n e d  from 
any combinat ion o f  t h e  fo l lowing  e i g h t  d a t a  f i l e s .  

SCRIBL Output F i l e  

e ISAS F l i g h t  Cond i t ions  F i l e  

0 Merged F l i g h t  Cond i t ions  F i l e  

,i 
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0 Usci Modcl F i l e  

0 Model Weight F i l e  

0 C a t  Required Poin ts  F i l e  

VADIC Output F i l e  

0 Force Cozff ic innt  Data F i l e  

P 

Detailed desc r ip t ions  of t hese  f i l e s  can be found i n  t h e  appendix 
of t h i s  docurmt .  I n  p l ace  o f  any dota  f i l e ,  t h e  use r  may 
select  t o  en te r  d a t a  d i r e c t l y  a t  t h e  remote terminal. 

4.1.1.3 Processing 

In t h e  Phase A system, t h e  following information is r e t r i eved  
from t h e  I S A S  F l i g h t  Conditions F i l e .  

0 Rigid body X ,  Y ,  and 2 t r a n s l a t i o n a l  acce le ra t ions  

0 X ,  Y ,  and 2 axes r o t a t i o n a l  acce lera t ions  

0 

These d a t a  ‘-Lre used t o  cons t ruc t  imagesofNASTRAN bulk da t a  cards .  

F l ex ib l e  body general ized coordinate  acce lera t ions  

A requirement of t h e  Phase B system is t h a t  t h e  subsystem must 
have the  c a p a b i l i t y  t o  retrieve these  d a t a  from e i t h e r  an ISAS 
Fl igh t  Conditions F i l e  o r  a Merged F l igh t  Conditions F i l e .  If 
the  user  e l ec t s  t o  use the  ISAS Fl igh t  Conditions F i l e ,  t h e  
program should funct ion a s  it i s  now Loded and descr ibed i n  t h e  
Phase A d e t a i l e d  requirements document. 
Conditions F i l e  i s  t o  be used, a new r e t r i e v a l  method i s  requi red .  
Before any d a t a  a r e  r e t r i eved  from the  merged f i l e ,  t h e  user  should 
b e  allowed t o  have t h e  time and a two-word i d e n t i f i c a t i o n  block 
from each da ta  block displayed.  When select ing da ta  from t h e  
merged f i l e ,  the  user must use t h e  two-word i d e n t i f i c a t i o n  block 
in  place of  time because time may not be unique on t h e  merged 
f i l e .  Oncc t h e  d a t a  have been se l ec t ed ,  t h e  processing w i l l  be 

If t h e  Merged F l i g h t  
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t h e  same as i s  now coded and d e s c r i b e d  i n  t h e  Phase A d e t a i l e d  
requi rements  crocument f o r  d a t a  from t h e  I S A S  F l i g h t  Condi t ions  
F i le .  

4 . 1 . 1 . 4  Output 

The pr imary o u t p u t  o f  t h i s  subsystem i s  t h e  Model Loads F i l e ,  
which c o n t a i n s  ca;d images of NASTRAN b u l k  d a t a  c a r d s .  I n  p r e -  
p a r i n g  t h e s e  ca rd  images, t h e  u s e r  r e q u i r e s  t h e  a b i l i t y  t o  have 
both  i n p u t  .nd ou tpu t  d a t a  ( t a b u l a t i o n s )  d i s p l a y e d  a t  t h e  remote 
t e rmina l .  i'he d i s p l a y  o f  t h e  c a r d  images should  be  a s t r a i g h t  
l i s t i n g  w i t h  no s p e c i a l  headings .  

I f  d i f f e r e n t i a l  p r e s s u r e  (AP) is t o  be  c a l c u l a t e d ,  f o u r  d i f f e r e n t  
t ypes  of p l o t s  may be  r eques t ed .  The machine should c a l c u l a t e  
t h e  maximum and minimum v a l u e s  f o r  t h e  p l o t s .  The f i rs t  p l o t  
i s  t h e  AP v e r s u s  Mach number f o r  t-he s e l q c t e d  s t a t i o n .  
For t h i x  p l o t ,  t h e  u s e r  must s p e c i f y  t h e  X ,  Y ,  and Z cDordina tes  
of t h e  s t a t i o n .  An exbmple of  t h i s  d i s p l a y  i s  shown i n  
f i g u r e  4 . 1 - 2 .  

I 
Figure  4 .1 -3  shows an example of  t h e  CPcond t y p e  of p l o t  f o r  a 
iusclagc?.  For t h i s  p l o t ,  t h e  user  must s p e c i f y  t h e  time and 
angu la r  p o s i t i o n ,  4 ,  f o r  t h e  f u s e l a g e ,  ( p e r c e n t  chord  Y f o r  wing, 
; : r c e n t  span Z f o r  t a i l ) .  A p l o t  o f  t h e  v e h i c l e  a t  t h e  g iven  9 
i s  shown a t  t h e  bot tom of  t h e  p l o t .  

Fo r  t h e  t h i r d  type  o f  p l o t ,  t h e  v e h i c l e  c r o s s  s e c t i o n  a t  a g iven  
X s t a t i o n  w i l l  be  p l o t t e d ,  about  which t h e  d i f f e r e n t i a l  p r e s s u r e  
a t  a l l  v a l u e s  o f  4 w i l l  be p l o t t e d .  Also,  a r e f e r e n c e  guide  
f o r  h P  equa l s  0 should be plot teci  around t h e  c r o s s  s e y t i o n .  T h e  
user must  supply  t h e  time and X s t a t i o n  ( Y  f o r  wing. Z f o r  t a i l )  
b c f o r c  t h e  p l o t  can be c r e a t e d .  F igu re  4 . 1 - 4  shows an example 
of t h i s  d i s p l a y .  
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The l a s t  p l o t  t ype  shou ld  c o n t a i n  AP ver sus  time f o r  a g iven  
loca t io i i  ( X ,  Y, and 2 c o o r d i n a t c s ]  on t h e  v e h i c l e .  F igu re  4 .1-5  
shows an example of t h i s  t y p e  o f  p l o t .  

4 . 1 . 2  BODY LOADS ANALYSIS 

4 . 1 . 2 . 1  Purpose 

This  subsystem i s  r e q u i r e d  i n  o r d e r  t o  c a l c u l a t e  bcdy l o a d s  f o r  
d i f f e r e n t  s t p t i o n s  on t h e  v e h i c l e  f o r  v - r l ' m s  f l i g h t  c o n d i t i o n s .  
I t  should be des igned  t o  o p e r a t e  p r i m a r i l y  i n  t h e  demand mode 
and p rov ide  t h e  u s e r ,  a t  t h e  remote t e r m i n a l ,  t k z  a b i l i t y  t o  
i n t e r a c t i v e l y  (1) se lec t  t h e  ' type and q u a n t i t y  o f  i n p u t  d a t a  t o  
b e  i nc luded ,  ( 2 )  d i s p l a y  t h e  d a t a  and computa t iona l  r e s u l t s  f o r  
h i s  a n a l y s i s  a t  v a r i o u s  key p l a c e s  i n  t h e  program, (3) perfor:a 
d a t a  m o d i f i c a t i o n s  and a d d i t i o n s ,  and (4 )  se lec t  t h e  f o r m i t  f o r  
t h e  t a b u l a t i o n  and g r a p h i c a l  o u t p u t s  a t  t h e  remote terminal.  

- 

This  subsystem is  a i s o  needed t o  create a Load Inpu t  Data F : l e .  
This  f i l e  w i l l  c o n t a i n  body l o a d s  d a t a  which arc needed f o r  
NASTRAN process ing  and a n a l y s i s .  A b a t c h  t r a n s f o r m a t i o n  program 
w i l l  u s e  t h e  d a t a  from t h i s  f i l e  t o  c rea te  a NASTRAN Inpu t  Load.: 
F i i e  which w i l l  be i n p u t  t o  NASTRAN. 
d a t a  f low f o r  t h e  Body Loads Ana lys i s  subsystem. 

F igu re  4 . 1 - 1  shows t h e  

4 .1 .2 .2  Input  

'The inpu t  d a t a  r e q u i r e d  by t h i s  subsystem w i l l  be obta ined  
from t h e  t h r e e  d a t a  f i l e s  l i s t e d  below. 

0 ISAS F l i g h t  Condi t ions  F i l e  

0 Force C o e f f i c i e n t  Data Fi le  

0 Load C o e f f i c i e n t  Dat? F i l e  

De ta i l ed  d e s c r i p t i o n s  o f  t h e s e  f i l e s  can be  found i n  t h e  appendix 
of t h i s  document. The u s e r  w i l l  have t h e  c a p a b i l i t y  t;> supnlercent 
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0.- modify any of t h e  d a t a  o b t a i n e d  from t h e  above f i l e s  by t h e  
u s e  of t h e  remote t e r m i n a l .  

Tbc  u s e r  w i l l  a l s o  inpu t  by c a r d s  or a t  t h e  remotc t e r m i n a l  any 
informat ion  needed by t h i s  subsystem t o  produce t h e  d e s i r e d  
ou tpu t  f r D m  t h e  d a t a  o b t a i n e d  from t h e  above f i l e s .  T h i s  i n f o r -  
mation w i l l  i nc lude :  

The load s t a t i o n s  a t  which loads  are t o  be  calculated 

0 The times a t  which l o a d s  a r e  t o  b e  c a l c u l a t e d  

The dynamic f a c t o r s  t o  be  used 

0 The forinat ID for  t a b u l a t i o n s  and g r a p h i c a l  d i s p l a y s  o u t p u t  

4 . 1 . 2 . 5  P r o c e s s i n g  

The Phase  A d e t a i l e d  requi rements  document d e s c r i b e s  t h e  f o u r  
sub func t ions  .rhich make up t h e  Body Loads A n a l y s i s  subsystem. 
T h i s  document d e s c r i b e s  t h e  r equ i r emen t s  f o r  a f i f t h  s u b f u n c t i o n ,  

I O r d e r  Body Loads. 

Order Rody Loads w i l l  t ake  many Body Loads Data F i l e s ,  de t e rmine  
t h c  maximurn and minimum loads  f o r  each load  s t a t i o n  from each  
f i l e ,  and then  o r d e r  these maximum and minimum l o a d s  f o r  d i s p l a y .  
Thc maximum and minimum l o a d s  w i l l  b e  o u t p u t  on a Maximum Loads 
Data F i l e .  

Four scp i i r a t e  cdses  should bc cons ide red  i n  t h i s  subsystem. 

1. 

3 .  

4 .  
’ I  1 

No prcvious Maximtm Loads n a t a  F i l e  e x i s t s ,  and t h e  f i l e  
m u s t  h e  gcncra ted  from s c r a t c h .  

hi o l d  Maximum 1.034s n a t a  F i l e  ex is t s ,  and t h e  f i l e  must 
I P C .  r ipdntct l  u s i n g  new Rodv Loads Data F i l e s  a s  i n p u t .  

‘i‘hc d a t a  con ta ined  ori a Maximum Loads Data F i l e  w i l l  be 
crtlcrcd. 

‘Ihc d a t a  con ta ined  on t h e  Maximum Loads Data F i l e  w i l l  b e  
d i s p l  aycd . 
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For c a s e  1, a Body Loads Data F i l e  w i l l  be i n p u t .  The s t a r t  
and s t o p  times w i l l  be  d i s p l a y e d ,  and t h e  user w i l l  enter t h e  
s t a r t  and s t o p  times t o  be used i n  r e t r i ev ing  d a t a .  The load  
s t a t i o n s  w i l l  a l s o  be d i s p l a y e d  f o r  t h e  user t o  select t h o s e  
s t a t i o n s  t o  be used i n  r e t r i e v i n g  d a t a .  Using t h e  time range  
i n p u t ,  t h e  f i l e  w i l l  be searched ,  and t h e  maximum and minimum 
v a l u e s  f o r  each t o t a l  l oad  component (i.e.,  s h e a r  X ,  s h e a r  Y, 
shea r  Z ,  moment X ,  moment Y, moment Z ) ,  r o o t  summed s q u a r e  (RSS) 
Force, and RSS moment w i l l  be  l o c a t e d  f o r  each load  s t a t i o n  
s e l e c t e d  by t h e  u s e r .  After each of  t h e s e  maximum and minimum 
va lues  a r e  l o c a t e d ,  t h e  time t h a t  t h e  maximum or minimum load  
occurred  and t h e  o t h e r  e i g h t  l o a d s  ( t h r e e  s h e a r s ,  t h r e e  moments, 
kSS s h e a r ,  RSS moment) w i l l  be  o u t p u t  o n t o  t h e  Maximum Loads 
Data F i l e .  
ponent i n  t h e  fo l lowing  o rde r .  

0 M.iximum s h e a r  X 

These d a t a  v a l u e s  w i l l  be  ou tpu t  for  each  load  com- 

0 Minimum s h e a r  X 

0 Maximum s h e a r  Y 

0 Minimum shear Y 

0 Maximltm shear Z 

0 Minimum s h e a r  2 

0 Maximum moment X 

0 Minimum qoment X 

0 Maximum moment Y 

0 Mirimum momenL Y 

0 Maximum moment 2 

0 Minimum moment 2 

0 Maximum RSS shea r  

0 Minimum RSS s h e a r  
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P 0 Maximum RSS moment 

0 Minimum RSS moment 
It 

For c a s e  2 ,  a Maximum Loads Data F i l e  which has  a l r e a d y  been 
c r e a t e d  w i l l  b e  updated u s i n g  one or more Body Loads Data F i l e s .  
The  fo l lowing  comparisons w i l l  b e  performed on t h e  i d e n t i f i c a t i o n  
[ID) b locks  of t h e  Maximum Loads Data F i l e  and t h e  Body Loads 
Data F i l e .  

0 The f i r s t  two words o f  t h e  24-word t i t l e  b lock  w i l l  be  checked 
f o r  a match. 

0 A l l  o f  t h e  load  s ta t ions  c o n t a i n e d  on t h e  Maximum Loads Data 
F i le  must ex is t  on t h e  Body Loads Data F i l e .  

0 The s ta r t  and s t o p  times on t h e  Maximum Loads Data F i l e  must 
h e  w i t h i n  t h e  s t a r t  and s t o p  times of t h e  Body Loads Data 
F i l e .  

I f  any o f  t h e s e  comparisons f a i l ,  a d e t a i l e d  message d e s c r i b i n g  
t h e  problem w i l l  b e  o u t p u t ,  and t h e  program w i l l  r e q u e s t  a new 
Body Loads Data F i l e .  A f t e r  a v a l i d  Body Loads Data F i l e  i s  
i n p u t ,  t h e  maximum and minimum l o a d s  f o r  t h i s  f i l e  w i l l  b e  
l o c a t e d  3s d e s c r i b e d  i n  c a s e  1. These maximum and minimum 
l o a d s  w i l l  be o u t p u t  o n t o  t h e  n e x t  f i l e  of t h e  Maximum Loads 
Data F i l e .  T h i s  p rocedure  is  r e p e a t e d  u n t i l  a l l  Body Loads 
Data F i l e s  have been i n p u t .  A t  t h i s  time, case 3 ( o r d e r i n g  
t h e  l o a d s )  w i l l  be a c t i v a t e d .  Order ing  t h e  l o a d s  w i l l  c o n s i s t  
of s e a r c h i n g  t h e  e n t i r e  Maximum Loads Data F i l e  and c r d e r i n g  
each load  component f o r  each load  s t a t i o n .  These o rde red  v a l u e s  
w i l l  be d i s p l a y e d  f o r  t h e  c a s e  4 o p t i o n .  

Four d i s p l a y  format  o p t i o n s  w i l l  e x i s t .  

2 .  One load  component o n l y  

2 .  Load ma t r ix  
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3. F i l e  numbers and p a r t i a l  t i t l e s  l i s t  

4.  F u l l  t i t l e s  f o r  t h e  f i l e  numbers i n p u t  

For d i s p l a y  o p t i o n s  1 and 2 ,  t h e  u s e r  w i l l  select t h e  load  
s t a t i o n s  he  wishes  t o  have d i sp layed .  For  d i s p l a y  o p t i o n  1, 
t h e  u s e r  w i l l  select t h e  number o f  o rde red  v a l u e s  (NUMB) t o  be 
d i s p l a y e d  and one o f  t h e  fo l lowing  opt ions: .  

a. Both maximum and m i n i m u m  o rde red  va lues  

b. Only maximum orde red  v a l u e s  

c. Only  minimum orde red  va lues  

d.  Ordered a b s o l u t e  v a l u e s  

The format f o r  d i s p l a y  0- 3 l a  is shown i n  f i g u r e  4.1-6. The 
format f o r  d i s p l a y  o p t i c  , IC, and I d  is shown in  f i g -  
u r e  4 .1-7 .  The format f )  d i s p l a y  o p t i o n  2 is  shown i n  f i g -  
u r e  4.1-8.  D i sp lay  o p t i o n  3 hould c o n s i s t  of  a l i s t  o f  t h e  
f i l e  numbers and as much of  t n e  i n z i v i d u a l  t i t l e s  as can pos-  
s i b l y  f i t  on to  one l i n e .  The f i r s t  two words o f  t h e  t i t l e  
should n o t  be o u t p u t  as t h e y  w i l l  be  t h e  same f o r  a l l  f i les .  
Display op t ion  4 should  c o n s i s t  o f  t h e  u s e r  i n p u t t i n g  a sequence 
of f i l e  numbers and t h e  program o u t p u t t i n g  a l i s t  of t h e  f i l e  
numbers and t h e  f u l l  t i t l e  f o r  each  f i l e  number. 

4 . 1 . 2 . 4  Output 

The Body Loads Analys is  f u n c t i o n  i s  comprised o f  f i v e  subfunc-  
t i o n s .  Each o f  t h e s e  sub func t ions  w i l l  o u t p u t  a d a t a  f i l e .  
These ou tpu t  f i l e s  are:  

0 Compressed Aerodynamic Forces  and Condi t ions  F i l e  

0 Load I n p u t  Data F i l e  

e Body Loads F i l e  

0 Modified Body Loads F i l e  

0 Maximum Loads Data F i l e  
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P D e t a i l e d  d e s c r i p t i o n s  of t h e s e  f i l es  can  b e  found i n  t h e  appendix 
s 

of  t h i s  document. The Load I n p t  Data F i l e  i s  t h e  o n l y  f i l e  
which w i l l  b e  used by a n o t h e r  ISAS f u n c t i o n .  The b a t c h  Body 
Loads Transformat ion  Program w i l l  u s e  t h i s  f i l e  as i n p u t  and 
create  a NASTRAN Inpu t  Loads F i l e .  NASTMN w i l l  u s e  t h i s  i n p u t  
f i l e  i n  t h e  p r o c e s s i n g  of body l o a d s  d a t a .  The t r a n s f o r m a t i o n  
program w i l l  o p e r a t e  i n  t h e  b a t c h  mode and is n o t  d i s c u s s e d  i n  
t h i s  document. 

The t a b u l a t i o n  d i s p l a y s  r e q u i r e d  f o r  d a t a  from t h e  f i r s t  f o u r  
f i l e s  l i s t e d  a r e  d e s c r i b e d  i n  t h e  Phase A d e t a i l e d  r equ i r emen t s  
document. The t a b u l a t i o n  d i s p l a y s  r e q u i r e d  f o r  t h e  d a t a  from 
t h e  Maximum Loads Data F i l e  are d e s c r i b e d  i n  t h e  p reced ing  sec- 
t i o n ,  and examples of t h e s e  d i s p l a y s  are g iven  i n  f i g u r e s  4 .1-6,  
4 . 1 - 7 ,  and 4.1-8. 

Graph ica l  d i s p l a y s  w i l l  b e  r e q u i r e d  f o r  t h e  da ta  c o n t a i n e d  on 
t h e  Body Loads F i l e ,  Modif ied Body Loads F i l e ,  and Maximum 
Loads Data F i l e .  A l l  g r a p h i c a l  d i s p l a y s  should  b e  g e n e r a t e d  
f o r  a s p e c i f i c  component of  t h e  v e h i c l e  such as  O r b i t e r  f u s e l a g e  
o r  O r b i t e r  r i g h t  wing. 

Data con ta ined  on t h e  Body Loads F i l e  o r  the  Modif ied Body Loads 
F i l e  should  be d i s p l a y e d  as  d e s c r i b e d  i n  t h e  f o l l o w i n g  pa rag raphs .  

1. 

2 .  

3 .  

Display  1 w i l l  be 2 p l o t  o f  l oad  v e r s u s  s t a t i o n  f o r  a 
g iven  time. The  o r d i n a t e  shouid  be t h e  t o t a l  s h e a r  X ,  Y ,  
o r  Z ;  t h e  t o t a l  moment X ,  Y ,  o r  2; t h e  RSS s h e a r ;  o r  t h e  
RSS moment. The a b s c i s s a  should  be t h e  X ,  Y ,  or  Z s t a t i o n .  
For example, t h e  X s t a t i o n  would c o n s i s t  of a l l  l oad  s t a t i o n s  
w i t h  given Y and Z c o o r d i n a t e s .  

I l i sp lay  2 w i l l  be t h e  same a s  1 excep t  t h e  o r d i n a t e  w i l l  

be  t h e  d i f f e r e n c e  i n  t o t a l  l o a d s  between two s t a t i o n s .  

Display 3 w i l l  be t h e  same a s  1 except  m u l t i p l e  l o a d s  
may hc p l o t t e d  on t h e  o r d i n a t e .  T h e  o r d i n a t e  may b e  any 
o r  a l l  of t h c  componcnt l oads  33 well a s  t h c  t o t a l  l o a d s .  
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4 .  Display  4 w i l l  be  a p l o t  of l oad  v e r s u s  time for  a g iven  load  
s t a t i o n .  The o r a i n a t e  should  be t h e  t o t a l  s h e a r  X, Y,  or 2;  
t h e  t o t a l  momxt X, Y ,  o r  2; t h e  RSS s h e a r ;  o r  the RSS moment. 
The a b s c i s s a  w i l l  be  t h e  time bounded by t h e  user selected 
s t a r t  and s t o p  t i m e .  

5. Display 5 w i l l  be  a p l o t  o f  maximum l o a d s  between g iven  
s t a r t  and s t o p  times v e r s u s  s t a t i o n .  The o r d i n a t e  w i l l  be  
t h e  maximum t o t a l  s h e a r  X ,  Y ,  o r  2; t h e  t o t a l  moment X ,  Y ,  
or 2; t h e  RSS s h e a r ;  or t h e  RSS moment. The a b s c i s s a  should  
be t h e  X ,  Y ,  o r  Z s t a t i o n .  

6.  Disp lay  6 w i l l  b e  t h e  same a s  d i s p l a y  5 excep t  it w i l l  be  a 
p l o t  of  t h e  minimum loads .  

7.  Display  7 w i l l  be  t h e  same as d i s p l a y  1 w i t h  t h e  fo l lowing  
excep t ions .  A maximum of f ive p l o t s  may be drawn on one 
d i s p l a y .  The d a t a  fo r  t h e s e  p l o t s  may be  taken  from any 
combination of  f i v e  Body Loads F i l e s .  

Disp lay  8 w i l l  be t h e  same a s  d i s p l a y  4 excep t  a maximum of 
f i v e  p l o t s  aiay be p l o t t e d  on one d i s p l a y .  
be  from a d i f f e r e n t  Body Loads F i l e .  The u s e r  w i l l  a l s o  
s e l e c t  t h e  s t a r t  and s t o p  times f o r  t h i s  d i s p l a y .  

8. 

Each p l o t  w i l l  

9 .  Display 9 w i l l  be a p l o t  of component load  v e r s u s  t i m e  f o r  
a given load  s t a t i o n .  The o r d i n a t e  should  be t h e  component 
shea r  X ,  Y ,  or Z o r  t h e  component moment X ,  Y ,  o r  Z. 

There w i l l  be two d i s p l a y s  f o r  d a t a  from t h e  Maximum Loads Data 
F i l e .  These d i s p l a y s  w i l l  be  t h e  same a s  d i s p l a y s  5 and 6 .  

4-10 



0RIGINA.G PAGE 
OF POOR QUALITYI 

1:igut-e 4 . 1 - 1 .  - Data flow diagram of Aerodynamic 
and Tncrtial Loads function. 
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PRINTOUT 

PR I STOUT 

Figure 4.1-1. - Data flow diagram of Aerodynamic 
and Inertial Loads function (continued). 
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I:igure 4 . 1 - 1 .  - Data flow diagram o f  Aerodynamic 
and l n c r t i a l  Loads funct ion  ( conc luded) .  
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Figure 4 . 1 - 2 .  - Differential .  pressure versus Mach number. 
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Figure 4.1-3. - Differential pressure versus X veh ic l e  station. 
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AP AROUND 

T I T L E  
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TIME = DELTA E = DELTA R - 

Figure 4 . 1 - 4 .  - Vehicle cross s e c t i o n  a t  a g i v e n  X s t a t i o n .  
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Figure 4 . 1 - 5 .  - Differential pressure versus time. 
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ORDERED LOADS FOR SHEAR X 
VEHICLE COMPONENT: ORBITER FUSELAGE 

LOAD STATION: X = 1 3 6 5 . 0  V = - 1 5 0 . 7  Z = 4 8 0 . 5  

MAXIMUM VALUES MINIMUM VALUES 
NUMBER F I L E  NUMBER TIM:: LOAD VALUE F I L E  NUMBER T I M E  LOAD VALUE 

1 6 1 0 9 . 5  7 5 8 1 0 9 . 5  20 10 .2  - 1 0 9 5 4 2 . 9  
2 20 2 . 3  7 4 6 9 2 5 . 4  15  8 0 . 1  - 9 8 7 6 5 . 8  
3 1 5  1 0 . 6  7 3 0 7 0 0 . 1  30 4 0 . 3  - 8 7 6 5 4 . 3  

e J . . 
. . e e b . 

b . e . 
NUMB 140 1 0 5 5 . 6  5 4 5 4 5 4 . 4  1 2 0  8 0 . 4  5 0 0 4 . 3  i 

Figure 4.1-6. - Display for both maximum and minimum ordered load:. 
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ORDERED LOADS FOR ABSOLUTE SHEAR Z 
V E d I C L E  COMPONENT: P I S H T  WING 

LOAD STATION:  X = 1390.3 Y = 179.5  Z = 200.9 

NUMBER F I L E  NUMBER T I M E  LOAD VALUE 

7 
1 8  

i 0 3  
0 

1.0  758942.6 
100.5  -747653.4 

50 .4  723218.6 . 
0 

NUHB 

. 
29 

0 0 

986.5 -543214.4  

Figure 4.1-7. - Disp lay  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 v e t a i t e d  Requirements Document f o r  I n t e g r a t e d  StruetupaZ 
AnaZysis System (Phase A ) ,  LEC-0860. The Phase A system included 
the capability to satisfy a l l  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 functiops a d  
batch analysis programs. This function will also create tabular 
and graphical displays of data at the remote terminal to b e  
used by the engineer for data validation. Figure 4 . 2 - 1  is a 
data flow diagram of the function. I 
4 . 2 . 2  INPUT 

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

a Interim SADSAC Data File 

0 User Model File 

0 Aerodynamic Data File 

0 Acrdynamic Influence Coefficients File 

0 ACE Output Data File 

0 Manual input thr0ui.h the remote terminal 

i l c t a i l c d  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 (Be), 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 
a n g l e  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. 

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

3 . 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. 

P 

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

0 Interim SADSAC Data File 

0 C at Required Points File 

0 User Model File 
P 

0 Aerodynamic Data File 

0 Aerodynamic Data Rase 

0 ACE Output Data File 
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From t h e  User Model F i l e ,  t h e  d i s p l a y s  w i l l  c o n s i s t  of g r a p h i c a l  
d i s p l a y s  of  geometr ic  data ,  which w i l l  d e s c r i b e  t h e  model. The 
u s e r  w i l l  have t h e  c a p a b i l i t y  t o  n o d i f y  t h e  data  on t h i s  f i l e  i n  
t h e  User Model F i l e  Genera tor .  

F igu re  4 . 2 - 2  i s  an example of t h e  t a b u l a r  d i s p l a y  of p r e s s u r e  
c o e f f i c i e n t  (C  ) d a t a .  Th i s  d a t a  d i s p l a y  w i l l  b e  c r e a t e d  from 
any f i l e  c o n t a i n i n g  t h i s  t y p e  of data. The program shou ld  
p rov ide  t h e  - a p a b i l i t y  t o  modify (change o n l y )  any o f  t h e  d a t a  
d i s p l a y e d .  

P 

Thc g r a p h i c a l  d i s p l a y  shou ld  b e  as g e n e r a l  a s  p o s s i b l e  and con- 
t a i n  t h e  same i d e n t i f i c a t i o n  d a t a  as  t h e  t a b u l a t i o n s .  The 
a b i l i t y  t o  p l o t  t h e  fo l lowing  measurements shou ld  e x i s t :  

0 C v e r s u s  s e l e c t e d  X ,  Y, or Z c o o r d i n a t e  

0 C v e r s u s  s e l e c t e d  r e t r i e v a l  parameter  and v a l u e  
P 

P 

Figure  4 . 2 - 3  i s  an example of t h i s  p l o t  t y p e .  

The  c a p a b i l i t y  t o  d i s p l z y  i n  t a b u l a r  form t h e  f o r c e  and moment 
t o t a l s  i s  a l s o  r e q u i r e d .  The v a l u e s  f o r  t h e  measured t o t a l s  
w i l l  be r e t r i e v e d  from t h e  C a t  Required P o i n t s  F i l e ,  and t h e  

P 
c a l c u l a t e d  v a l u e s  w i l l  be  r r t r i e v e d  from t h e  Aerodynamic Data 
F i l e .  F i g u r e  4 . 2 - 4  i s  an exemple o f  t h i s  t y p e  of  d i s p l a y .  
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PRINTOUT 

R L P O R T  

Figu.-c  4 . 2 - 1 .  Data flow diagram for Aerbdynamic 
Data Base Generator. 
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F X  

FY 

FZ 

M X  

MY 

“Z 

MEASURED 
TOTALS 

( F 1 2 . 5 )  

RETRIEVAL PARAMETER 
I D E N T I F I C A T I O N  

1 

. 

CALCULATED P E RC EN T 
TOTALS ERROR 

( F 1 2 . 5 )  ( F 6 . 1 )  

VALUE 
( F 8 . 2 )  

1 5  

Figure 4 . 2 - 4 .  - Example o f  tabular d isplay  of force 
and moment t o t a l s .  
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4.3 AERODYNAMIC LOADS 

The D e t u i t e d  Requirements  Document for t h e  I n t e g r a t e d  S t r u c t u r a l  
ii,:alysis 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 system, 
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 will 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 C 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 C 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 t o  form a Force Coefficient Data File. 

P 

P 

'Th is  document is concerned with only the denand processing; 
however, all input/output files are described in the appendix. 
Figure 4.3-1 is a data flow diagram of the Aerodynamic Loads 
func  t i o n .  

4 .  3 .  2 I NWT 

l'l1c following files will be used as input. 

0 Aerodynamic Data Base 

0 IJser Model File 
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0 Skin  F r i c t i o n  Data F i l e  i 
0 Force Coef f i c i en t .  Data F i l e  

Each of  t h e s e  f i l e s  is  d e s c r i b e d  i n  t h e  appendix of  t h i s  document. 

A d d i t i o n a l  i n p u t  w i l l  b e  s u p p l i e d  u s i n g  c a r d s  o r  t h e  remote t e r -  
mina l .  Cont ro l  o v e r  t h e  o p e r a t i o n  of t h i s  f u n c t i o n  w i l l  b e  
e x e r c i s e d  through t h e  remote terminal o r  c a r d  i n p u t ;  t h e  u s e r  
w i l l  s p e c i f y  t h e  d a t a  t o  b e  r e t r i e v e d ,  i n t e r p o l a t e d ,  i n t e g r a t e d ,  
and e d i t e d .  

4 . 3 . 3  PROCESSING 

In t h e  Phase A sys tem,  t h e  p r e s s u r e  c o e f f i c i e n t s  (C,) c o n t a i n e d  
on t h e  Aerodynamic Data Base were i d e n t i f i e d  and r e i r i e v e d  by 
Mach number (M), a n g l e  of a t t a c k  (a), a n g l e  of s i d e s l i p  (B), 
e levon d e f l e c t i o n  (Ae),  and rudde r  d e f l e c t i o n  (Br) .  The f o r c e  
c o e f f i c i e n t  d a t a  was a l s o  i d e n t i f i e d  and r e t r i e v e d  u s i n g  t h e  
same parameters .  New c o n f i g u r a t i o n s  of t h e  Space S h u t t l e  have 
shown t h a t  a d d i t i o n a l  r e t r i e v a l  pa rame te r s  are  r e q u i r e d  and t h a t  
d i f f e r e n t  pa rame te r s  are needed f o r  d i f f e r e n t  c o n f i g u r a t i o n s .  
Each d a t a  s e t  w i l l  be i d e n t i f i e d  by a minimum of  3 and a maximum 
of 15  r e t r i e v a l  pa rame te r s .  The f i r s t  t h ree  r e t r i e v a l  parameters  
w i l l  always be Mach number ( M ) ,  a n g l e  of a t t a c k  (a), and a n g l e  
of s i d e s l i p  ( 6 ) .  The remaining r e t r i e v a l  pa rame te r s  w i l l  be  
v a r i a b l e  f o r  each f i l e ,  bu t  a l l  d a t a  s e t s  on a f i l e  must have 
t h e  same parameters .  

In many c a s e s  t h e  r e q u i r e d  d a t a  w i l l  n o t  be con ta ined  i n  t h e  
Aerodynamic Data Base. In  t h e s e  c a s e s ,  t h e  program w i l l  be 
r e q u i r e d  t o  perform l i n e a r  i n t e r p o l a t i o n  t o  o b t a i n  d a t a  f o r  t h e  
s e l e c t e d  va lues  o f  t h e  r e t r i e v a l  pa rame te r s .  A d e t a i l e d  d e s c r i p -  
t i o n  o f  t h e  l i n e a r  i n t e r p o l a t i o n  r equ i r emen t s  i s  con ta ined  i n  t h e  
d e t a i l e d  r equ i r emen t s  document f o r  Phase A.  T h i s  i n t e r p o l a t i o n  
r o u t i n e  w i l l  i n t e r p o l a t e  on a minimum of t h r e e  and a maximum of 
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s i x  r e t r i e v a l  parameters .  The f irst  t h r e e  w i l l  always be Mach 
number, a n g l e  of a t t a c k ,  and a n g l e  of  s i d e s l i p .  I’he user may 
s e l e c t  any o t h e r  r e t r i e v a l  parameter  for i n t e r p o l a t i o n  as 
r e q u i r e d .  

4 . 3 .  1 OllTPUT 

‘The following f i l e s  are  o u t p u t  by t h i s  f u n c t i o n :  

0 C a t  Required P o i n t s  F i l e  

0 Force C o e f f i c i e n t  Data F i l e  
P 

Th i s  f u n c t i o n  w i l l  have t h e  c a p a b i l i t y  of  d i s p l a y i n g  t a b u l a t i o n s  
and g r a p h i c s  o f  d a t a  from a l l  i n p u t  and o u t p u t  f i l e s .  The remote 
t e rmina l  d i s p l a y s  r e q u i r e d  by t h i s  f u n c t i o n  are i d e n t i c a l  t o  t h e  
d i s p l a y s  of  t h e  Aerodynamic Data Base Genera tor  f u n c t i o n .  
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F i g u r e  4 . 3 - 1 .  - Data flow diagram f o r  Aerodynamic 
Loads.  
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b 4 . 4  AIRCRAFT FLIGHT CONDITIONS 

4 . 4 . 1  PURPGSE 

This func t ion  w i l l  allow t h e  u s e r  t o  s i m u l a t e  t h e  Space S h u t t l e  
O r b i t e r  maneuvering i n  t h e  atmosphere and tc, c a l c u l a t e  f l i g h t  
parameters  a t  incrementa l  time p o i n t s .  The u s e r  w i l l  o p e r a t e  
i n  t h e  demand mock from a remote t e r m i n a l  and w i l l  have t h e  
a b i l i t y  t o  (1) r e t r i e v e  s t o r e d  i n p u t  d a t a  from f i l e s ,  ( 2 j  d i s -  
p l a y  and modify t h i s  i n p u t  a t  t h e  conso le ,  (3) submit  t h e  b a t c h  
program f o r  execu t ion ,  and ( 4 )  d i s p l a y  t h e  program o u t p u t  i n  
g raph ica l  form a t  t h e  console .  

A RztL’n F l i g h t  Condi t ions  F i l e  w i l l  be c r e a t e d  by t h e  Ai rcraf t  
Maneuvers Program i n  o r d e r  t o  s tore  t h e  r e s u l t s .  Th i s  f i l e  w i l l  
b e  accessed  t o  d i s p l a y  t h e  ou tpu t  a t  t h e  t e r m i n a l  and t o  produce 
r e p o r t s .  F igure  4.4-1 i s  a d a t a  flow diagram €or t h e  Aircraft  
F l i g h t  Condi t ions  f u n c t i o n .  

4 . 4 . 2  INPUT 

Input  f o r  t h i s  f u n c t i o n  w i l l  b e  o b t a i n e d  from t h e  fo l lowing  
source- .  

0 Basic Data F i l e  

0 Force C o e f f i c i e n t  Datz F i l e  

0 Standard  Atmosphzre F i l e  

0 Keyboard i n p u t  a t  t h e  t e rmina l  

The i n p u t  w i l l  be  s t o r e d  i n  a temporary A i rc ra f t  F l i g h t  F i l e .  
T h i s  f i l e  w i l l  b e  used as i n p u t  t o  J- Aircraf t  Maneuvo.-s Program. 

4 . 4 . 3  PROCESSING 

From t h e  demand t e r m i n a l ,  ISAS w i l l  i n t e r a c t i v e l y  gu ide  t h e  
use r  i n  t h e  p r e p a r a t i o n  of h i s  i n p u t .  The Basic Data F i l e ,  

I) 
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t h c  Aerodynamic Datz Base, and t h e  S tanda rd  Atmosphere F i l e  w i l l  
b e  re ferenced '  as needed t o  assemble t h e  i n p u t  d a t a  f o r  t h e  pro-  
gram. A d e t a i l e d  d e s c r i p t i o n  o f  t h e  r e q u i r e d  i n p u t  values f o r  
t h e  A i r c r a f t  Maneuvers Program can b e  found i n  t h e  program 
documentat ion.  

I 

Addi t iona l  i n p u t  can be typed  i n t g  the terminal. d i r e c t l y  from 
t h e  c o n s o l e  keyboard. The i n p u t  w i l l  b e  t a b u l a t e d  and d i s p l a y e d  
on t h e  c o n s o l e  so t h a t  t h e  u s e r  can review h i s  i n p u t  and make 
any d e s i r e d  changes.  F i g u r e  4 . 4 - 2  is  an example of t h e  d i s p l a y s  
, ihich w i l l  be  a v a i l a b l e  f o r  each  case. For each  c o n f i g u r a t i o n ,  
t h e  fo l lowing  c u r v e s  f o r  a l p h a  ( p i t c h  a n g l e )  versus f o r c e  c o e f f i -  
c i e n t  can be d i s p l a y e d  i n .  t a b u l a r  form. 

1. 

2 .  

3. 

4. 

5.  

h. 

Alpha v e r s u s  CA f o r  each  b e t a  (yaw a n g l e )  

Alpha v e r s u s  Cz f o r  each  b e t a  

Alpha v e r s u s  CM f o r  each  b e t a  

Alpha v e r s u s  d e l t a  CA f o r  each e levon d e f l e c t i o n  

Alpha v e r s u s  d e l t a  Cz f o r  each e l evon  d e f l e c t i o n  

Alpha v e r s u s  d e l t a  CM f o r  each e levon d e f l e c t i o n  

An example c u r v e  f o r  a l p h a  v e r s u s  CA f o r  .:ach b e t a  i s  g iven  i n  
f i g u r e  4 . 4 - 3 .  Hardcopies  o f  tnese d i s p l a y s  may b e  o b t a i n e d  f o r  
r e p o r t  purposes .  

The i n p u t  w i l l  be  s t o r e d  i n  a I n p u t  F l i g h t  Conditions F i l e  
t o  b c  u s e d  by t h c  A i r c r a f t  Maneuvers Program. The program w i l l  
b c  c sccu ted  and o u t p u t  w i l l  be s t o r e d  i n  t h e  Batch F l i g h t  Condi- 
t i o n s  F i l e  and an A i r c r a f t  P l o t  Data F i l e .  

T h e  A i r c r a f t  P l o t  Data F i l e  w i l l  c o n t a i n  c u r v e s  of o u t p u t  param- 
c t e r s  v e r s u s  time. These cu rves  can b e  p l o t t e d  d i r e c t l y  by t h e  
h a t c h  program or d i s p l a y e d  on t h e  c o n s o l e  screen. Table  4 . 4 - 1  
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c o n t a i n s  a l i s t  of t h e  16 d i s p l a y s  t h a t  w i l l  be  a v a i l a b l e .  Each 
L-onsists O C  thr-cc plcts oi J i f f c r c n t  v a r i n h l c s  v c r s u s  timc i n  
s c c m d s .  The o u t p u t  can  a l s o  be shown i n  t a b u l a r  form. T h i s  
w i l l  c o n s i s t  of a l l  pa rame te r s  c a l c u l a t e d  a t  a p a r t i c u l a r  time 
i n t e r v a l ,  as shown i n  f i g u r e  4.4-4. A l l  of t h e  d i s p l a y s  can  
be o b t a i n e d  i n  hardcopy form a l s o .  

4 . 4 . 4  OUTPUT 

The  Ba tch  F l i g h t  Cond i t ions  F i l e  w i l l  c o n t a i n  d a t a  t o  b e  used  
by o t h e r  ISAS f u n c t i o n s .  I t  w i l l  be  r e f o r m a t t e d  by REFOR, t h e  
F l i g h t  Condi t ions  Reformat Func t ion ,  t o  g e n e r a t e  t h e  ISAS F l i g h t  
Cond i t ions  F i l e .  

Console o u t p u t  fo r  t h i s  f u n c t i o n  w i l l  c o n s i s t  of t a b u l a r  d i s -  
p l a y s  of  t h e  i npu t  and o u t p u t .  P l o t s  o f  t h e  o u t p u t  v a l u e s  w i l l  
bz  a v a i l a b l e  a s  d e t a i l e d  i n  t a b l e  4 . 4 - 1 .  The p l o t  d a t a  w i l l  be  
s t o r e d  i n  an A i r c r a f t  P l o t  Data F i l e .  A l l  t e r m i n a l  d i s p l a y s  
w i l l  a l s o  h e  a v a i l a b l e ’ i n  hardcopy form as  computer p r i n t o u t s  
o r  SC-4060  p l o t s .  
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TABLE 4.4-1. - AIRCRAFT MANEUVERS PROGRAM PLOT CAPABILITIES 

Plot 
Number 

1 

7 

3 

4 

5 

Variable 

NXXD 
NYYD 
N m  

TXXD 
‘1 Y Y I )  
‘r;lll) 

A I .  I’t I 

Ill: L I A  

QHAR 
MACll 
V R L L  

ALT 
G I M  
THRUST 

i{i:rA 

PRI.SS 
7 I) i. N STY 
- 1 ~ T I N P  

Description 
~~ ~~ 

Linear accelerations for load computations 

~~~~ ~~ ~~ 

An~ular accelcrations for loads 

Pitch aiiglc of attack 
Yaw anglc of attack 
lilcvon def lect ion 

~~ 

Dynam i c 1) res s iir c 
Mach number 
Relative velocity 

Altitude 
Pitch gimbal angle 
Thrust 

Bc components of f!ight winds 

Atmospheric pressure 
Atmospheric density 
Atmospheric temperature 

X ,  Y ,  2 hody components of rclativc vclocity 

Axial vclocity 
Y-body vclocity 
Z-body velocity 

Axial ;iccclcr;it ion 
Y-hody ;icccleration 
2-hods  accc1cr;ition 

Rol 1 r a t e  
Pitch r a t c  
Yaw r a t c  

Rolling accclcration 
Pitch nc-celrrat ion 
Yaw accclcrat ion 

X - l l r i  1 cr  ; ~ n g  I c vcl oc i t y 
Y-l.iiler ;ingle vclocity 
2 - hi I c r ;in K 1 c v c 1 oc i t y 

~ ~ 

X inert 1.11 p04ition 
Y -  I I I C ’ I  t i : i 1  po . ;~  t ion 
I- ini,rt ial posit ion 

X-inrrtinl v e l o c i t y  
Y-incrt i ; i l  vclocity 
2 - incr t I 3 1  vc l oc  i ty 

I 



4 . 5  AIRCRAFT GUST AND BOOST TURBULENCE LOADS 

4.5.1 PURPOSE 

Th i s  f u n c t i o n  w i l l  a l l ow a u s e r ,  working i n  t h e  demand mode from 
a remote t e r m i n a l ,  t o  p r e p a r e  i n p u t  f i l e s  f o r  v a r i o u s  b a t c h  p r o -  
grams. I n p u t  and o u t p u t  d a t a  can  b e  viewed a t  t h e  t e r m i n a l  i n  
g r a p h i c a l  and t a b u l a r  form. The b a t c h  programs w i l l  b e  t h e  
Adjusted Aerodynamics Program, Gust Response Program, and Tur- 
bu lence  Response Program. F igu re  4 .5-1  i s  a f low diagram showing 
t h e  s u b f u n c t i o n s  of t h e  A i r c r a f t  Gust and Boost Turbulence  Loads. 

4 . 5 . 2  INPUT 

The fo l lowing  s i x  f i l e s  w i l l  be used as  i n p u t  f o r  t h i s  f u n c t i o n .  

0 User Modal F i l e .  

0 Force C o e f f i c i e n t  Data F i l e  

0 T r a j e c t o r y  Data F i l e  

0 Unsteady Gust Gene ra l i zed  Forces  F i l e  

0 Load C o e f f i c i e n t  Data F i l e  

0 Standard  Atmosphere F i l e  

0 S t a t i c  Aerodynamic I n f l u e n c e  C o e f f i c i e n t s  F i l e  

a Turbulence S p e c t r a  F i l e  

The u s e r  w i l l  a l s o  be r e q u i r e d  t o  e n t e r  Foine d a t a  a t  t h e  t e r m i n a l  
v i a  t h e  keyboard. 

4 . 5 . 3  PROCESSING 

The e n t r y  p o i n t  f o r  A i r c r a f t  Gust and Boost Turbulence Loads 
w i l l  depend on t h c  u s e r ' s  o p t i o n  t o  execu te  t h e  ba t ch  Adjus ted  
Aerodynamics Program. I f  t h e  u s e r  i n t e n d s  t o  run t h i s  program, 
h e  w i l l  c n t e r  t h c  f u n c t i o n  a t  t h e  t o p  of t h e  flow diagram. 
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'l'hc Acrodynamic I:orce Cocf f i c i c ! i t  Lhta F i l e  w i  11 c o n t a i n  forc-c 
c o c f f i c i c n t  d a t a  indexed by f l i g h t  c o n d i t i o n .  The u s e r  w i l l  

t y p e  t h e  f i l e  t i t l e / I D  d a t a  and a s e t  o f  f l i g h t  c o n d i t i o n s  (Mach, 
a n g l e  o f  a t t a c k ,  a n g l e  of s i d e s l i p ,  and inboa rd  and ou tboa rd  
e l e v o n s ) .  The f o r c e  c o e f f i c i e n t  d a t a  co r re spond ing  t o  t h e  i n p u t  
f l i g h t  c o n d i t i o n s  w i l l  be r e t r i e v e d  from t h e  f i l e .  If  t h e  spec -  
i f i e d  f l i g h t  c o n d i t i o n s  a re  n o t  found i n  t h e  f i l e ,  t h e n  t h e  ISAS 
F l i g h t  Cond i t ions  I n t e r p o l a t i o n  r o u t i n e  w i l l  be  used t o  o b t a i n  
d a t a  a t  t h e  d e s i g n a t e d  f l i g h t  c o n d i t i o n s .  The d a t a  w i l l  b e  
d i s p l a y e d  a t  t h e  t e r m i n a l  i n  t a b u l a t e d  form,  as shown i n  
f i g u r e  4 . 5 -  2 .  

The Unsteady Aerodynamic Genera l i zed  Forces  F i l e  w i l l  c o n t a i n  
g r i d  p o i n t  numbers and l o c a t i o n s ,  reduced f r e q u e n c i e s ,  Mach 
numbers, g e n e r a l i z e d  f o r c e s ,  aerodynamic i n f l u e n c e  c o e f f i -  
c i e n t  m a t r i x ,  r e f e r e n c e  area m a t r i x ,  downwash m a t r i x ,  and v e l o -  
c i t y  p o t e n t i a l .  The  g e n e r a l i z e d  f o r c e s  m a t r i x  can be  t a b u l a t e d  
and d i s p l a y e d  on t h e  c a t h o d e - r a y  t u b e  (CRT) as shown i n  
f i g u r e  4.5-3. 

Formation o f  a temporary Gust Inpu t  F i l e  i s  t h e  next  s t e p  i n  
t h e  f u n c t i o n .  I n p u t  f o r  t h i s  f i l e  w i l l  be  g a t h e r e d  from t h e  
s i x  ir lput f i l e s .  Data can  a l s o  be  e n t e r e d  by t h e  u s e r  th rough 
t h e  t e r m i n a l  keyboard. 

Thc T r a j e c t o r y  Data F i l e  w i l l  c o n t a i n  t r a j e c t o r y  in fo rma t ion  
f o r  s e l e c t c d  Mach numbers. The u s e r  w i l l  i n p u t  a Mach number; 
t h e  t ime,  f l i g h t  c o n d i t i o n s ,  and t y p e  o f  wind p r o f i l e  w i l l  be  
d i s p l a y e d  on t h e  s c r e e n .  

i'hc Load C o e f f i c i e n t  Data F i l e  w i l l  c o n t a i n  s h e a r  and bending 
moment c o e f f i c i e n t s  f o r  s e l e c t e d  v e h i c l e  s t a t i o n s .  The u s e r  
c;in display t h i s  d a t a  i n  t a b u l a r  form and s e l e c t  t h e  d e s i r e d  
l o a d  s t a t i o n s .  
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Densi ty  as a f u n c t i o n  of  a l t i t u d e  w i l l  be  r e t r i e v e d  from t h e  
S tandard  Atmosphere F i l e .  

Both t h e  Gust Response Program and t h e  Turbulence  Response Pro-  
gram w i l l  o u t p u t  a Response Output F i l e .  The Response Output  
F i l e  w i l l  c o n t a i n  t h e  a i r c r a f t  r e sponse  t o  t h e  power s p e c t r a l  
d e n s i t y  (PSD) f u n c t i o n  f o r  t h e  v a r i o u s  load  c o n d i t i o n s .  In  
a d d i t i o n ,  it w i l l  c o n t a i n  s h e a r  and bending moments, f r e q u e n c i e s ,  
l oad  s t a t i o n  c o o r d i n a t e s ,  r 3 o t  mean squa re  i n t e g r a l  o f  PSD (a ) ,  

and number of times p e r  u n i t  time a l oad  w i l l  be exceeded (No). 
A n  example of  t a b u l a t i o n s  and g r a p h i c s  t o  b e  d i s p l a y e d  f o r  t h i s  
f i l e  i s  shown i n  f i g u r e  4 . 5 - 4 .  

2 

4 . 5 . 4  OUTPUT 

The o u t p u t  f o r  t h i s  f u n c t i o n  w i l l  c o n s i s t  of g r a p h i c a l  p l o t s ,  
d a t a  t a b u l a t i o n s ,  and o u t p u t  f i l e s .  The p l o t s  and t a b u l a t i o n s ,  
d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n ,  w i l l  be  d i s p l a y e d  on t h e  
s c r e e n  a t  t h e  remote t e r m i n a l .  

F i l e s  c r e a t e d  by t h i s  f u n c t i o n  w i l l  be :  

0 Unsteady Aerodynamic Genera l i zed  Forces  F i l e  

0 Response Output F i l e  

0 Combined Data F i l e  

0 Gust I n p u t  F i l e  

D e s c r i p t i o n s  of  t h e s e  f i l e s  can b e  found i n  t h e  appendix.  
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0 TRAIECTORY 

COEFI - Gr )- 
STANDARD 

ATNtSPHERE 

INFLUENCE 
COEFF I - 
C I E N T S  

GWNERALI ZED 
FORCES 

FORCE 
COEPF I - 

C I ENT 

A 

STATE AERO- 
D Y W I C S  FOR 
UNSTEADY EFFECTS 
AND CALCULATE 
GENERAL FORCES 

T E W I N A L  
INPUT 

AERODY - 
GENERALIZE 

FORCES 

, 

Figurc 4.5-1. - Data flow diagram for. Aircraft Gust 
and Boost Turbulence Loads. 
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I 

I 

Figurc 4 . 5 - 1 .  - Data flow diagram for Aircraft Gust 
and  Ijoost Turbulence Loads (concluded). 
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FORCE C O E F F I C I E N T  DATA 

MACH N O .  = X . X X X  ALPHA = X X . X X X X  

G R I D  POINT 
N 

LOAD STATION 
X Y Z  

R E F .  AREA = X U ?  I 

FORCE 
F X  F Y  FZ 

MOMENT 
MX MY 

. . 

Figure 4 . 5 - 2 .  - Force  Coefficient Data F i l e  tabulation format. 
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UNSTEAaV AERODYNAMIC7 CENFRALIZED FORCES 

MACH 4 3 .  = X . X X X  RED. FREQ'JEIUCV = X X X X X  

G R I D  P O I N T  1 2 
NUMBER 

R I R I 

1 . 0 

Figui-e 4 . :  3 .  -. Gene-alized ? rces matr ix  example. 
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RESPONSE OUTPUT 

BENDING MOMENTS 

I 

- 
w / V  ( r a d / f t )  

STATION 

X Y Z  

2 U 

SHEAR FORCES 

U 

. 

Figure 4.5-4. - Tabulations and g i a p h i c s  d i s p l a y e d  for t h e  
Response Output File. 
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8 1 . 6  AERODYNAMIC CALCULATIONS FOR WING AND BODY ELEMENTS 

4.6.1 PURPOSE 

T h i s  f u n c t i o n  w i l l  p rov ide  an i n t e r a c t i v e  i n t e r f a c e  t o  t h e  
Ana ly t i c  P r e s s u r e  D i s t r i b u t i  :n (ACE) program. The ACE Program 
w i l l  c a l c u l a t e  p r e s s u r e  c o c f f i c i e n t s  a t  p o i n t s  on a f l i g h t  
v e h i c l e  f o r  a s p e c i f i e d  aercdynamic c o n d i t i o n .  Data fro3 ACE 
w i l l  be used t o  supplement o t h e r  p r e s s u r e  c o e f f i c i e n t  d a t a  on 
t h e  wing and v e r t i c a l  t a i l  s u r f a c e s .  In  a d d i t i o n ,  t h e  program 
w i l l  c a l c u l a t e  and create an ISAS f i l e  o f  r i g i d  wing aerodynamic 
c o e f f i c i e n t s  as r e q u i r e d  by t h e  S t a t i c  A e r o e l a s t , c i t y  Program. 
F igure  4 .6-1  i s  a d a t a  flow diagram f o r  this f u n c t i o n .  

4 . 6 . 2  INPUT 

The inpu t  w i l l  c o n s i s t  of t h e  User Model F i l e  and d a t a  e n t e r e d  
by t h e  u s e r  from t h e  t e rmina l .  T h i s  d a t c  w i l l  be of two types  - 
d a t a  i n p u t  f o r  t h e  ACE Program and d a t a  e n t e r e d  t o  guide  t h e  
p rocess ing  and g r a p h i c a l  d i s p l a y s  of t h e  f u n c t i o n .  I 

4 . 6 . 3  PROCESSING 

The f i r s t  s t e p  i n  LhP p rocess ing  of t h i s  f u n c t i o n  i s  t o  b u i l d  
t h e  ACE Data F i l e ,  which  w i l l  be used as i n p u t  t o  t h e  ACE P ~ J -  
gram. The  t e rmina l  user x i 1 1  be r eques t ed  t o  enter t h e  nantes of  
d a t a  f i l e s  t o  be used €or i n p u t .  These w i l l  i nc lude :  

I .  User Model F i l e  which t h e  u s e r  w i l l  be  a b l e  t o  review a s  a 
r e f e r e n c e  f o r  adjus:  ng h i s  i npu t  d a t a .  I f  t h e  User Model 
F i l e  i s  r e q u e s t e d ,  t h e  t e r m i n a l  u s e r  w i l l  be a b l e  t o  view 
t h e  f i l e  c o n t e n t s  ( t h e  s t r u c t u r a l  model definition) on t h e  
t e rmina l  s c r e e n .  

2 .  F i l e  where t ; . c  U S C  ACE i n p u t  d a t a  a r e  s t o r e d .  The u s e r  
w i l l  h e  a b l e  t o  c a i l  up t h i s  f i l e ,  view it on t h e  s c r e e n ,  
and make m o d i f i c a t i o n s  t 9  t h e  d a t a .  The u s e r  w i l l  be a b l e  
t o  st,’re t h e  modif ied inpu t  f i l e  w i th  t h e  same f i l e  name o r  
store i t  as  a neCr f i l e .  
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The t e r m i n a l  u s e r  w i l l  a l s o  ha;re t h e  c a p a b i l i t y  of e n t e r i n g  t h e  
e n t i r e  ACE inpu t  daii i  a t  t h e  terminal. When t h e  u s e r  i s  sa t i s -  
f i e d  w i t h  t h e  i n p u t  d a t a  on h i s  f i l e ,  h e  w i l l  be  a b l e  t o  d e s i g -  
n a t e  a f i l e  as t h e  ACE Data F i l e .  The ACE Data F i l e  w i l l  be  
thc inpu t  t o  t h e  ACE Program. The u s e r  w i l l  be  able t o  v i e w  
the ACE Data F i l e  a t  t h e  terminal 2nd make any f i n a l  modi f ica-  
tioi:s needed. The u s e r  may r e q u e s t  a p r i n t o u t  of t h e  ACE Data 
F i l e .  

l h c  second s t e p  i n  t h e  p rocess ing  o f  t h i s  f u n c t i o n  w i l l  be i n i -  
L ia t ing  t h e  execu t ion  o f  t h e  b a t c h  program ACE. Here, t h e  u s e r  
will be r eques t ed  t o  name the ACE Data F i l e ,  name t h e  o u t p u t  
f i l e s ,  and s p e c i f y  which t y p e s  of  o u t p u t  are desired. 

First ,  t h e  t e r m i n a l  u s e r  w i l l  be  r eques t ed  t o  e n t e r  t h e  f i l e  
name of t h e  ACE Data F i l e  if it has  n o t  been c r e a t e d  i n  t h e  
prev ious  s t e p  o f  t h i s  f u n c t i o n .  Second, t h e  user w i l l  select 
from a menu t h e  o p t i o n s  a v a i l a b l e  f o r  execu t ing  ACE: 

1 .  Normal ba t ch  p rocess ing  of t h e  program 

2 .  Generat ing t h e  Aerodynamic In f luence  C o e f f i c i e n t s  r i l e  

3. Generat ing t h e  ACE Output Data F i l e  wi th  a r epor t - fo rm 
p r i n t  o u t  

I f  t h e  user se lec ts  normal ba t ch  p rocess ing ,  t h e  ACE Program 
w i l l  execute  normally,  and s t a n d a r d  o u t p u t  and p l o t s  w i l l  be  
produced. 

‘The u s e r  may choose i n s t e a d  t o  c r e a t e  one o r  bo th  of t h e  ISAS 
o u t p u t  f i l e s  ( 2  and 3 above ) ,  view tabL I t i o n s  arid g r a p h i c a l  
d i s p l p v s  o f  t h t  . c  f i l e s ,  and  h a v e  program o u t p u t  g e n e r a t e ?  i n  
rcpor t form. 
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The f i r s t  f i l e  t h a t  can be gene ra t ed  by t h e  ACE Program w i l l  be  
t h e  Aerodynamic I n f l u e n c e  C o e f f i c i e n t s  F i l e .  Th i s  f i l e  w i l l  
ou tpu t  c o e f f i c i e n t s  v e r s u s  pane l  c o n t r o l  p o i n t s  fo: use by t h e  
S t a t i c  A e r o e l a s t i c i t y  Program. After t h e  u s e r  s p e c i f i e s  t h a t  
he wants t h i s  f i l e  t o  be gene ra t ed ,  he  w i l l  be  r eques t ed  t o  e n t e r  
t h e  f i l e  name t o  be used. The f i l e  w i l l  be  gene ra t ed  d u r i n g  
t h e  execLtion of  ACE. After t h e  f i l e  is  produced by ACE, t h e  
u s e r  w i l l  be a b l e  t o  d i s p l a y  t h e  c o n t e n t s  o f  t h e  f i l e  a t  t h e  
t e rmina l  s c reen .  The form of  t h i s  d i s p l a y  w i l l  show t h e  c o e f f i -  
c i e n t s  ve r sus  pane l  c o n t r o l  p o i n t s  i n  a t a b l e  with headings.  
Af t e r  viewing t h e  f i l e ,  t h e  u s e r  w i l l  have t h e  o p t i o n  of s t o r i n g  
i t  as t h e  Aerodynamic I n f l u e n c e  C o e f f i c i e n t s  F i l e  o r  r e l e a s i n g  
i t .  I f  t h e  u s e r  does  n o t  s t o r e  t h e  f i l e ,  he  w i l l  b e  a b l e  t o  
r e t u r n  t o  t h e  beginning  of  t h e  f u n c t i o n  t o  form ano the r  ACE 
Input  F i l e .  

The second f i l e  t h a t  can be gene ra t ed  by t h e  ACE Program w i l l  be 
t h e  ACE Output Data F i l e .  The f i l e  w i l l  c o n t a i n  p r e s s u r e  coe f -  
f i c i e n t s  a t  panel  c o n t r o l  p o i n t s  f o r  upper and lower wing and 
d e l t a  p r e s s u r e  c o e f f i c i e n t s  (AC ) a t  each c o n t r o l  p o i n t .  A f t e r  

P 
t h e  user s p e c i f i e s  t h a t  he wants t h e  f i l e  t o  be gene ra t ed ,  he  
w i l l  be r eques t ed  t o  e n t e r  t h e  f i l e  name t o  b e  used when s t o r i n g  
the f i l e .  The f i l e  w i l l  be gene ra t ed  du r ing  t h e  execlrt ion o f  
ACE.  A f t e r  t h e  f i l e  i s  produced by ACE. t h e  u s e r  w i l l  be  a b l e  
t c  s e l e c t  from a menu t h e  type  of  d i s p l a y  t o  be genera ted .  
Cisp lay  o p t i o n s  w i l l  i nc lude :  

1. Tabular  ou tpu t  of p r e s s u r e  c o e f f i c i e n t s  ve r sus  panel  c o n t r o l  
p o i n t s  d i sp l ayed  a t  t h e  t e r m i n a l  

2 .  P l o t s  o f  p r e s s u r e  c o e f f i c i e n t s  versu; pane l  c o n t r o l  p o i n t s  
d i sp l ayed  a t  t h e  t e r m i n a l .  

3 .  ACE Program ou tpu t  i n  r e p o r t  format 
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I f  t h e  u s e r  chooses  o p t i o n  1 o r  o p t i o n  2 ,  h e  w i l l  t hen  select 
t h e  spec i f i c  t a b u l a t i o n s  from a menu of a v a i l a b l e  cho ices .  
These w i l l  be: 

- 

0 Upper wing C v e r s u s  pane l  c o n t r o l  p o i n t s  a long  wing chords  
P 

Lower wing C v e r s u s  pane l  c o n t r o l  p o i n t s  a long  wing chords  

AC v e r s u s  pane l  c o n t r o l  p o i n t s  a long  wing chords  
P 

P 
+r  wing C a long  t h e  pe rcen t  span 

,r wing C a long  t h e  p e r c e n t  span 
P 

P 
Li along t h e  p e r c e n t  span 

Upper wing C on t h e  span 
P 

Lower wing C on t h e  span 
P 

AC on t h e  spar? 

Upper wing C alorig p e r c e n t  chord 

Lower wing C a long  pe rcen t  chord 

AC along pe rcen t  chord 

P 

P 

P 

P 

P 

F o r  t h e  t a b u l a t i o n s ,  t h e  u s e r  w i l l  be  a b l e  t o  e n t e r  a d e s c r i p -  
t i v e  heading a t  t h e  t e rmina l .  Mach number and a n g l e  of a t t a c k  
w i l l  a l s o  be d i s p l a y e d  on t h e  t a b l e s .  

For t h e  p l o t s ,  t h e  u s e r  w i l l  be a b l e  t o  e n t e r  a d e s c r i p t i v e  
heading a t  t h e  t e r m i n a l .  Mach number and a n g l e  of a t t a c k  w i l l  
bc d i sp l ayed  on t h e  p l o t s .  An example of  t h e  b a s i c  form of t h e  
p l o t s  i s  shown below: 
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1; i f  the user s e l e c t s  option 3 ,  the ACE Program output and p l o t s  
w i l l  b e  generated in  a format su i tab le  €or report documents. 

4 . 6 . 4  OUTPUT 

The followi*.g f i l e s  w i l l  be avai lable  for output: 

0 Aeradynamic Influence Coeff ic ients  Fi le  

a ACE Output Data Fi le  

e ACE Data F i l e  
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PRINTOUT SC - 4063 

F i g u r e  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 F i l e  Genera tor  f u n c t i o n  w i l l  c reate  a f i l e  
c o n t a i n i n g  t h e  s u r f a c e  f u n c t i o n s  or  c o n t r o l  p o i n t s  n e c e s s a r y  t o  
a n a l y t i c a l l y  d e s c r i b e  t h e  geomet r i c  s u r f a c e s  of  a model. Basic 
curve  d e f i n i t i o n s  will be  i n p u t  t o  t h e  program, and e i t h e r  
r e g u l a r l y  shaped s h e l l s  o f  r evDlu t ion*  o r  t h e  m i l l i n g  machine 
l o f t i n g  r o u t i n e  FMILL? w i l l  be used t o  r e f i n e  t h e  s u r f a c e  d e f i n i -  
t i o n s  t o  t h e  d e s i r e d  degree .  F i g u r e  4 . 7 - 1  is a d a t a  flow diagram 
of t h e  Bas ic  Geometry F i l e  Genera tor  f u n c t i o n .  

4 . 7 . 2  INPUT 

There w i l l  be  two s o u r c e s  of i n p u t  t o  t h i s  program. 

1. Card image i n p u t  o f  X ,  Y ,  and 2 c o o r d i n a t e s  d e f i n i n g  c u r v e s  
a long  t h e  s u r f a c e .  

2 .  I n t e r a c t i v e  t e r m i n a l  i n p u t .  Th i s  t e r m i n a l  i n p u t  may be  
d i v i d e d  i n t o  two t y p e s ,  keyboard and d i s p l a y  s e l e c t a b l e  
( l i g h t  pen ) .  

a.  Terminal  keyboard e n t r i e s  

S t r u c t u r e ,  s u b s t r u c t u r e ,  and r e g i o n  i d e ? t i f i c a t i o n  

0 X ,  Y ,  and Z c o o r d i n a t e  d e f i n i t i o n  o f  b a s i c  cu rves  

0 X ,  Y ,  and 2 d i r e c t i o n  c o s i n e s  o f  t a n g e n t s  t o  s t r i n g e r s  
and c u r v e s  

0 Dimensions and mesh s i zes  f o r  s h e l l s  of r e v o l u t i o n  

0 Mesh s izes  f o r  FMILL 

"Theoretical E l a s t i c  S t r e s s  D i s t r i b u t i o n s  i n  Cass in i an  Domes. 
NASA TN D - 1 7 4 1  ( T h e  key e q u a t i o n s  o f  i n t e r e s t  were expanded by 
nr .  Freder ick  J .  S t e b b i n s  t o  encompass seven s h e l l s  of r e v o l u t i o n . )  

1 1 0 8 ,  UP4078 ,  r e v .  2 ,  pp. 9D-1 th rough 91)-15. 
'APT I h c y c l o p e d i a ,  Program Reference Manual, UNIVAC 1106 t o  
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0 Bulkhead sizing 

0 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) 

0 CuttinR plane positioning 

0 Control point positioning 

0 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 2 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- 
bilitics will include: 

0 uisplay of control poiats 

0 Display of lines connecting these control points 

0 Creation, deletion, and modification of the control points 
and the lines connecting them 

0 Means t o  loop back through the program 
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1 0 Dialogue i n  t h e  fDrm of  q u e s t i o n s  and s u g g e s t i o n s  i n i t i a t e d  
by t h e  program 

0 I n t e r p r e t a t i o n  of  u s e r  response  t o  d i a l o g u e  

0 A b i l i t y  t o  break  ( o r  t e r m i n a t e )  t h e  program a t  any s t a g e  and 
r e s t a r t  i t  a t  a l a t e r  time 

The Yrogram should  a l s o  i n c l u d e  t h e  c a p a b i l i t i e s  t o  g e n e r a t e  
t a b u l a r  d i s p l a y  and a l low e d i t i n g .  The program must be con-  
. ; t ruc t ed  s o  t h a t  s e q u e n t i a l  p r o c e s s i n g  v ' . .  accomplished 
r e a d i l y  w i t h  a minimum o f  u s e r  i n t e r a c  

The f i r s t  s t e p  r e q u i r e d  i n  t h e  p r o c e s s i n g  f u n c t i o n  w i l l  be t h e  
dynamic f i l e  ass ignment  o f  t h e  Bas i c  Geometry Data F i l e .  Once 
t h i s  i s  completed,  t h e  u s e r  must be al lowed t o  e n t e r  c o n t r o l  
p o i n t s  v i a  a c a r d  f i l e ,  t h e  remote t e r m i n a l ,  or a combinat ion 
of bo th  rcethods. 

I f  t h e r e  i s  an i n p u t  c a r d  f i l e ,  it w i l l  be  r e a d  and t h e  s u r f a c e  
d e f i n e d  by i t  w i l l  b e  d i s p l a y e d .  I f  no c a r d  f i l e  e x i s t s ,  t h e  
user  w i l l  e n t e r  t h e  b a s i c  cu rve  d e f i n i t i o n s  by means of t h e  key- 
boArd and/or  o t h e r  i n p u t  d e v i c e s .  The keyboard e n t r i e s  w i l l  
c o n s i s t  of t h e  X ,  Y ,  azd  7, c o o r d i n a t e s  o r  d e l t a  X ,  Y, and 2 
v a l u e s  from a d e f i n e d  p o i n t .  i he  t r a c k i n g  c r o s s  may be used t o  
' l c f i n e  p o i n t s  a f t e r  a r e f e r e n c e  p o i n t  and scale  have been 
e s t a b l i s h e d .  

When b u i l d i n g  a Basic  Geometry Dzta F i l e ,  i t  w i l l  be n e c e s s a r y  t o  
c:cfine t h e  c o n t r o l  p o i n t s  as s t r i i c t u r e  and s u b s t r u c t u r e  components. 
P a r t i c u l a r  g r o u p s  o f  p o i n t s  w i l l  be d i v i d e d  f u r t h e r  i n t o  r e g i o n s  
.;o th:it t h c  model h i e r a r c h y  i s  cf t h e  form shown on t h e  f c l l o w i n g  
pa gc . 

I 
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S t r u c t u r e  

* 

n t h  0 . 0  i t h  
S u b s t r u c t u r e  S u b s t r u c t u r e  S u b s t r u c t u r e  

1st 0 . 0  

Region, j = 1, N 

n t h  
Region 0 0 0  

I S t r u c t u r e  I 

* 

n t h  0 . 0  i t h  
S u b s t r u c t u r e  S u b s t r u c t u r e  S u b s t r u c t u r e  

1st 0 . 0  

Region, j = 1, N 

n t h  
Region 0 0 0  

I n i t i a l l y  t h e  t e r m i n a l  u s e r  w i l l  be  asked t o  i n p u t  th rough t h e  
t e r m i n a l  keyboard t h e  i d e n t i f i c a t i o n  ( 1  t o  1 5  alphanumeric  
c h a r a c t e r s )  o f  t h e  s t r u c t u r e  and s u b s t r u c t u r e .  Disp lay  select-  
a b l e  menu items w i l l  be  provided  f o r  subsequent  s t r u c t u r e  and 
s u b s t r u c t u r e  i d e n t i f i c a t i o n .  The same type  of  i d e n t i f i c a t i o n  
method should  be used f o r  r eg ions .  

The program should a l low f o r  t h e  s p e c i f i c a t i o n  of  c u t t i n g  p l a n e s  
and a l t e r a t i o n  of t h e  view a t  any s t a g e  o f  t h e  s u r f a c e  deve lop-  
ment t o  a s s i s t  w i t h  t h e  s u r f a c e  d e f i n i t i o n  and t o  v e r i f y  i t s  con- 
t o u r .  The c u t t i n g  p l anes  can be  e s t a b l i s h e d  a s  normal t o  a 
c o o r d i n a t e  a x i s  by s p e c i f y i n g  t h e  c o n t r o l  c o o r d i n a t e s .  The u s e r  
should be aLlowed t h e  fo l lowing  t h r e e  methods t o  s e l e c t  skewed 
c u t t i n g  plailes:  

0 I n p u t t i n g  ang le s  o f  r o t a t i o n  from t h e  c o o r d i n a t e  axes  
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0 I d e n t i f i c a t i o n  of t h r e e  p o i n t s  i n  t h e  skewed p l a n e  

0 S p e c i f i c a t i o n  of  t h e  X ,  Y ,  and 2 c o o r d i n a t e s  of two p o i n t s  
o f  t h e  normal ir, t h e  skewed p l a n e  

Once a c u t t i n g  p l ane  has  been e s t a b l i s h e d ,  t h e  t r a c e  it  makes 
w i t h  t h e  s u r f a c e  should  be  d i s p l a y e d  by s e l e c t i n g  t h e  p l ane  
and d i c p l a y  op t ion .  The v i e w - a l t e r i n g  c a p a b i l i t y  must i n c l u d e  
r o t a t i o n ,  d i sp lacement ,  and enlargement .  

The t r ace  formed by t h e  c u t t i n g  p l a n e  and t h e  model s u r l a c e  
may reveal a need f o r  a d d i t i o n a l  s u r f a c e  p o i n t s .  Two methods 
of o b t a i n i n g  a d d i t i o n a l  p o i n t s  w i l l  b e  a v a i l a b l e  depending upon 
t h e  r e g u l a r i t y  of t h e  model s u r f a c e  geometry. 

S h e l l s  of r e v o l u t i o n  w i l l  be de f ined  a n a l y t i c a l l y ,  and t h u s  
a d d i t i o n a l  p o i n t s  c;n be ob ta ined  by r e d e f i n i t i o n  of  t h e  r e g u l a r  
shape through i n p u t  parameters .  The number of mer id iona l  and 
c i r c u m f e r e n t i a l  d i v i s i o n s  d e s i r e d  w i l l  be  t h e  p e r t i n e n t  param- 
e t e r s .  The seven s h e l l s  o f  r e v o l u t i o n  t o  be s o  t r e a t e d  a r e  
(1) cone. ( 2 )  d i s k ,  ( 3 )  c y l i n d e r ,  ( 4 )  Cass in i an  s u r f a c e ,  (5 )  
e l l i p t i c a l  s u r f a c e ,  ( 6 )  s p h e r e ,  and ( 7 )  t o r u s .  

I r r e g u l a r  s u r f a c e s  w i l l  be  d e f i -  d ~j a c o n i c  l o f t i n g  program, 
FYILI,. The c o o r d i n a t e s  o f  knob. > o i n t s  ( c a l l e d  c o n t r o l  p o i l t s )  
w i l l  be  i n p u t  t o  FMILL. These c o n t r o l  p o i n t s  w i l l  d e s c r i b e  a 
mesh. The degree  of r e s o l u t i o n  d e s i r e d  w i l l  be s p e c i c i e d  by 
FMILL i npu t  parameters  which w i l l  s ubd iv ide  each  u n i t  of  t h e  
mesh through a d d i t i o n a l  p o i n t s  c a l c u l a t e d  on t h e  c o n i c  s u r f a c c .  

l’hc :surface genera ted  by t h e  preceding  methods w i l l  be  d i s p l d y e d ,  
p c r m i t t i n ?  t h e  user t o  v i s u a l l y  i n s p e c t  t h e  contour .  He may 
c l c c t  t o  d i s p l a y  c o n c u r r e n t l y  s u r f a c e s  p r e v i o u s l y  d e f i n e d  and 

form coord i f ia te  v a l u e s  and s l o p e  v a l u e s  of  s e l e c t e d  p o i n t s .  
:v r ema in i rg  c o n t r o l  p o i n t s .  Also,  h e  may d i s p l a y  i n  numeric 
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These v a l u e s  can  be modi f ied  o r  used as c a l c u l a t e d  f o r  r e i n p u t  
t o  t h z  s u r f a c e  f i t t i n g  r o u t i n e s  t o  re f ine  f u r t h e r  t h e  s u r f a c e  
d e f i n i t i o n  o r  t o  o b t a i n  a d e s i r a b l e  match-up of r e g i o n  boundar ies  
where d i s c o n t i n u i t i e s  e x i s t .  

I 

Inner  mold s u r f a c e s  should be  o b t a i n e d  i n  a s imilar  manner; i . e . ,  
i n  one of two w a y s ,  ( 1 )  by d e s c r i b i n g  i n n e r  s u r f a c e s  u s i n g  FMILL 
o r  s h e l l s  of  r e v o l u t i o n  7r ( 2 )  by expres s ing  bulkheads i n  t e .  . 
of  d i s t a n c e  a long  normals t o  t h e  o u t e r  s u r f a c e .  

The i n t e r a c t i v e  i n p u t  t echn iques ;  t h e  a l t e r e d  view c a p a b i l i t y ;  
and t h e  a b i l i t y  t o  d i s p l a y  and modify s u r f a c e  c o o r d i n a t e s ,  cu rve  
t ange i - t s ,  and s nger  t a n g e n t s  w i l l  be  t h e  impor tan t  features  
of t h i s  func t i c lA .  They w i l l  p rov ide  t h e  u s e r  t h e  c a p a b i l i t y  
t o  d e f i n e  and uniquely  i d e n t i f y  a l l  r e b i o n s  ( i n c l u d i n g  s u b s t r u c -  
t u r e s )  o f  t h e  geometry of a model t o  be  ana lyzed .  Once t h e  
u s e r  i s  s a c i s f i e d  t h a t  t h e  model meets t h e  d e s i r e d  deg ree  of  
d e f i n i t i o n ,  t h e  Eas i c  Geometry D-ta F i l e  w i l l  be ready f o r  u s e  
i n  ai1a;ysis. 

4 .  7 .  4 OIJTPUT 

‘The Bas.L Geometry Data F i l e  w i l l  be t h e  major o u t p u t  from t h i s  
ISAS fur.;tion. A complete  d e s c r i p t i o n  o f  t h i s  f i l e  can be  found 
i n  t h e  appendix of t h i s  document. As d e s c r i b e d  i n  s e c t i o n  4 . 7 . 5 ,  
g r a p h i c a l  o u t p u t s  a r e  r e q u i r e d .  
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Figure 4 . 7 - 1 .  - Data flow diagram for Basic Geometry 
Fi le  Generator 
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USE LIGHT PEN TO SELECT *CARD 
SOURCE OF SURFACE DEFINITIONS *KEY BOARD 

*TRACKING CROSS 

# . 
POSITiON TRACKING CROSS TO *CARD 
DESIRED CONTROL POINT LOCATION *KEYBOARD 
AND DEPRESS FOOT PEDAL *TRACKING CROSS 

POSITION TRACKING CROSS 19 *CUTTING PLANE 
GOVERNING COORDINATE POSITION *KEY BOARD 

*TRACKING CROSS 

Figure 4 . 7 - 2 .  - Examples of display selectable input. 

4 - 6 2  



4.8 BASIC STRUCTURAL DIMENSIONS 

4.8.1 PURPOSE 

This  f u n c t i o n  w i l l  g e n e r a t e  g r o s s  model s t r u c t u r a l  geometry d a t a  
t o  be used by t h e  P r o p e r t i e s  and Allowables f u n c t i o n  i n  computing 
buckl ing  ana lyses  and/or  s e c t i o n  a l lowab les .  The Basic S t r u c -  
t u r a l  Dimensions F i l e  w i l l  be  independent of t h e  User Model F i l e  
and w i l l  c o n t a i n  on ly  b a s i c  s t r u c t u r a l  dimensions and c o o r d i n a t e s .  
I t  i s  assumed, however, t h a t  t h e  i n p u t  t o  t h i s  f u n c t i o n  w i l l  u s e  
t h e  same c o o r d i n a t e s ,  i n  g e n e r a l ,  as t h e  User Model F i l e .  
F igure  4.8-1 i s  a data f low diagram of  t h e  Basic S t r u c t u r a l  
Dimensions f u n c t i o n .  

4 .8 .2  INPUT 

A l l  i n p u t  t o  t h i s  f u n c t i o n  w i l l  make use  of  t h e  i n t e r a c t i v e  device 
of t h e  system. The u s e r  w i l l  be r e q u i r e d  t o  d e f i n e  t h e  s t r u c t u r e  
being modeled i n  terms of r e g i o n s ,  s t a t i o n s  w i t h i n  each  r e g i o n ,  
s t r a t e g i c  c o o r u i n a t e s  w i t h i n  t h e  r e g i o n ,  and p e r t i n e n t  s e c t i o n  
p r o p e r t i e s  d a t a .  

4.8.3 PROCESSING 

The b a s i c  types  o f  s t r u c t u r e  t o  be t r e a t e d  i n  . t h i s  f u n c t i o n  w i l l  
b e  s t i f f e n e d  s k i n  pane l s  and beams. An example o f  t h e s e  types  
of s t r u c t u r e  a r e  shown i n  f i g u r e s  4.8-2 and 4.8-3.  The program 
w i l l  a l s o  have t h e  c a p a b i l i t y  t o  accep t  o t h e r  c o n f i g u r a t i o n s  
( f r e e  form) i n  t h e  pure  manual mode. The u s e r  w i l l  i n p u t  h i s  
cho ice  between s t i f f e n e d  p a n e l s ,  beams, and free form. If t h e  
choice  i s  a s t i f f e n e d  p a n e l ,  t h e  u s e r  must a l s o  select  a p a n e l  
c o n f i g u r a t i o n  from t h e  d i s p l a y e d  l i s t  of s t i f f e n e d  pane l  con- 
c e p t s  (see f i g .  4 .8 -4 ) .  A maximum of 16 concepts  w i l l  be allowed 
f o r  pane l s  and 1 f o r  beams. The program w i l l  t hen  ask t h e  u s e r  
t o  d e f i n e  t h e  number of r eg ions  r e q u i r e d  t o  d e s c r i b e  t h e  s t r u c -  
t u r e  being modeled. I t  i s  assumed t h a t  30 r e g i o n s  should  be 
s u f f i c i e n t  $0 d e s c r i b e  any s t r u c t u r e .  After t h e  c o n f i g u r a t i o n  
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and t h e  number of  r e g i o n s  have been i n p u t ,  t h e  program w i l l  
g e n e r a t e  a t a b u l a r  format ,  which w i l l  conform t o  t h e  t y p e  of  
s t r u c t u r a l  c o n f i g u r a t i o n  s e l e c t e d  earlier. 
formats  are shown i n  f i g u r e s  4 . 8 - 5  and 4 . 8 - 6 .  

Examples of t h e s e  

The  r e g i o n s  should  be  updated i n  an  automatic f a s h i o n  as each  
re::ion is completed.  The u s e r  w i l l  t hen  be  asked for t h e  number 
o f  s t a t i o n s  t h a t  w i l l  b e  d e f i n e d  w i t h i n  each r eg ion .  I t  is 
assumed t h a t  a maximum of  150 s t a t i o n s  p e r  r e g i o n  should  b e  s u f -  
f i c i e n t  t o  d e s c r i b e  t h e  s t r u c t u r e .  The progrim w i l l  t hen  f i l l  
i n  t h e  t a b l e  w i t h  r e g i o n  nunbers  and t h e  s ta t ion  numbeps i n  each  
r eg ion .  Values should  be i n p u t  f o r  t h e  X ,  Y ,  and 2 c o o r d i n a t e s  
and t h e  geometry parameters  (b ,  t ,  R, $) l i s t e d  on t h e  d i s p l a y  
f o r  each s t a t i o n  i n  t h e  r eg ion .  

For t h e  beam problem, t h e  u s e r  w i l l  be r e q u i r e d  t o  b reak  t h e  
beam c r o s s  s e c t i o n  i n t o  subelements  as shown on f i g u r e  4 .8 -7 .  
I t  i s  assumed t h a t  a maximum of 20 subelements  shou ld  be s u f f i -  
c i e n t  t o  d e s c r i b e  most s e c t i o n s .  When a l l  of t h e  d a t a  f o r  a 
r e g i o n  i s  completed,  it w i l l  be  o u t p u t  i n t o  t h e  Basic S t r u c -  
t u r a l  Dimensions F i l e .  The program w i l l  t h e n  r e c y c l e  and a l low 
t h e  s e l e c t i o n  of ano the r  r e g i o n .  After a l l  of  t h e  r e g i o n s  of  a 
s t r u c t u r e  have been completed,  t h e  u s e r  w i l l  have t h e  opt ioi i  t o  
s t a r t  ano the r  s t r u c t u r e .  

- 
b LJ 

4 . 8 . 4  OUTPUT 

The primary o u t p u t  from t h i s  f u n c t i o n  w i l l  be t h e  Basic S t r u c -  
t u r a l  Dimensions F i l e ,  c o n t a i n i n g  a l l  o f  t h e  d a t a  which w i l l  be 
developed a s  d e s c r i b e d  i n  s e c t i o n  4 . 8 . 3 .  A complete  d e s c r i p t i o n  
of t h e  format  and c o n t e n t s  of t h e  f i l e  can be  found i n  t h e  
appendix.  

Other ou tpu t  w i l l  be g r a p h i c a l  d i s p l a y s  qf t h e  chosen c o n f i g u r a -  
t i o n  of f i g u r e s  4 . 8 - 4  and 4 . 8 - 7 ,  g r a p h i c a l  d i s p l a y s  of each 
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s t a t i o n ,  and tabular l i s t i n g s  of the data. The graphical d i s -  
plays a t  each s t a t i o n  w i l l  be patterned a f t e r  f igures  4.8-4 and 
4 . 8 - 7  and w i l l  be sca led  t o  the actual  data. Figure 4 .8-8  is 
an example o f  the tabular d isplay .  
w i l l  vary with the  type o f  panel or beam. 

The format of t h i s  d isplay  

L 

4 -  65  



TERMINAL 
INPUT 

BASIC 
STRUCTURAL 

Figure 4 . 8 - 1 .  - Data flow diagram for  Basic 
Structural Dimensions. 
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Figure 4 . 8 - 3 .  - Beam concept. 

4-68 



I 
I 

It---% __+1 

I 1. , INTEGRALLY STIFFENED 

I 3. INTEGRAL 2 

Figure 4 . 8 - 4 .  - Sixteen stiffened panel confiburations. 
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S 

4. INTEGRAL T 

f 

J 6,  STRAIGHT Y-STIFFENED 

'igure 4 . 8 - 4 .  - Sixteen stiffened panel configurations 
(con t inued) 
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7. STRAIGHT Y-T STIFFEhED 

8. CURVED Y-T STIFFENED I 

9. TRAPEZOIDAL CORRUGATION SEMISANDWICH 

Figure 4.8-4. - Sixteen stiffened panel configurations 
(continued) . 
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I I 

J 10. TRUSS CORE SEMISANDWlCH 

1 
t 

1 

;" 
Pbf + 4 

11, SEMITRAPEZOIDAL CORRUGATION SEMISANDWICH 
I 

12. HAT SECTION S'iIFFENED I 
I 1 

Figure 4 . 0 - 4 .  -.- Sixt:.?n stiffened panel configurations 
{continuedj. 
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13. TRAPEZOIDAL CORRUGATION 

14, TRUSS CORE CORRUGATION 
-.- 

t c  

15. SEMICIRCLE CORRUGATION SEMISANDWICH 

I 
I 

16. Free Form - The user can Cescribe any form of 
stiffened panel using this type of input. 

Figu 4 . 8 - 4 .  - Sixteen stiffened panel configurations 
(concluded). 
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-'2lS '22, '23-' AXIS 2 

b------bs- AXIS 1 

I-SECTION 

2 - SECT I ON 

Figure 4 . 8 - 7 .  - Typical beam elements. 

4 - 8 1  



1 7  b4 
AXIS 2 

AXIS 1 

T-SECTION 

r - 7  
t 3  

'. i 
BULBED 2-SECTION 

AXIS 2 

A X I S  1 

Figure 4 . 8 - 7 .  - Typical beam elements (continued). 
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AXIS 2 

e b 4 r - q  AXIS 1 

~----%----------.1 

HAT-SECTION 

”. 
t 2  

tl ,/‘ 

f 3  

’\. 

k-,bl’ b4a-q 

BOX SECTION 

$13 ‘1 
‘14 

A X I S  1 

A X I S  2 

Figure 4 . 8 - 7 .  - Typical beam elements (concluded). 
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4.9 BOOST FLIGHT CONDITIONS 

4.9.1 PURPOSE 

Th i s  f u n c t i o n  i s  r,eeded f o r  e v a l u a t i n g  t h e  s t r u c t u r a l  l o a d s  on 
t h e  Space S h u t t l e  launch  c o n f i g u r a t i o n  d u r i n g  boos t  and r ecove ry  
phases .  Opera t ing  i n  t h e  demand mode from a remote t e r m i n a l ,  
t h e  u s e r  w i l l  have t h e  a b i l i t y  t o  (I) r e t r i e v e  h i s  i n p u t  from 
mass - s to rage  data f i l es ,  ( 2 )  d i s p l a y  and modify t h e  i n p u t  on t h e  
c o n s o l e ,  (3) schedu le  h i s  j o b  f o r  b a t c h  e x e c u t i o n ,  and (4)  d i s -  
p l a y  t h e  program o u t p u t  i n  g r a p h i c a l  form a t  t h e  console .  

A Batch F l i g h t  Cond i t ions  F i l z  w i l l  be  c r e a t e d  by t h e  Boost 
F l i g h t  Program j.n o r d e r  t o ' s t o r e  t h e  r e s u l t s .  This  f i l e  w i l l  
be accessed  t o  d i s p l a y  t h e  o u t p u t  a t  t h e  t e r m i n a l ,  t o  produce 
r e p o r t s ,  and f o r  u s e  by o t h e r  ISAS f u n c t i o n s .  F igu re  4.9-1 i s  
a d a t a  f l s w  diagram f o r  Boost F l i g h t  Cond i t ions .  

4.9.2 INPUT 

The i n p u t  f o r  t h i s  f u n c t i o n  w i l l  be  o b t a i n e d  from t h e  fo l lowing  
sources .  

0 Basic  Data F i l e  

0 Force C o e f f i c i e n t  Data F i l e  

0 Wilids A l o f t  Data F i l e  

0 Standard  Atmosphere F i l e  

0 Keyboard , input  a t  t h e  t e r m i n a l  

Input  f o r  t h e  Boost F l i g h t  Program w i l l  u t i l i z e  t h e  FORTRAN 
d e f i n e d  NAMELIST format .  Data from t h e  above sources  w i l l  be  
s t o r e d  i n  t h e  Input  F l i g h t  Condi t ions  F i l e  and read  a s  i n p u t  
by t h i s  f u n c t i o n .  

1 
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4.9.3 PROLESSING 

The ISAS system k i l l  gu ide  t h e  u s e r  i n  assembling d a t a  f o r  t h e  
c r e a t i o n  of an Inpu t  F l i g h t  Cond i t ions  F i l e .  
t h e  c a p a b i l i t y  t o  e n t e r  each i n p u t  f i l e  and s e l e c t  t h o s e  param- 
eters he wishes  t o  i n p u t  t o  t h e  program. 
con'-ents f o r  a l l  r e l e v a n t  f i les can be  found i n  t h e  appendix.  

The u s e r  w i l l  have 

D e t a i l e d  fo rma t s  ai.d 

1 .  

The Basic Data F i l e  w i l l  c o n t a i n  a r e f e r e n c e  t r a j e c t o t  -ef-  
e rence  dimensions and areas, moments and p r o d u c t s  o f  i i a ,  
weight f low rates ,  and o t h e r  similar d a t a .  T o t a l  aerou,.iramic 
c o e f f i c i e n t s  w i l l  be c o n t a i n e d  i n  t h e  Force  C o e f f i c i e n t  Data 
F i le .  

The Bas ic  Data F i l e  w i l l  d e f i n e  t h e  con r o l  system pa rame te r s ,  
i n c l u d i n g  gains  and f i l t e r  parameters .  The Winds A l o f t  F i l e  
w i l l  c o n t a i n  a l t i t u d e ,  wind v e l o c i t y ,  and wind d i r e c t i o n ,  
indexed by a number. Reference atmospheres f o r  a l l  f l i g h t  con- 
d i t i o n s  w i l l  be  con ta ined  i n  t h e  S tandard  Atmosphere F i l e .  The 
f l i g h t  c o n d i t i o n s  w i l l  be indexed by a l t i t u d e  and w i l l  i n c l u d e  
p r e s s u r e ,  d e n s i t y ,  t empera tu re ,  and speed of sound. 

Add i t iona l  d a t a  can be inpu t  through t h e  keyboard. A l l  of t h e  
inpu t  can be d i s p l a y e d  a t  t h e  conso le  i n  t a b u l a r  form and a d d i -  
tions o r  a l t e r a t i o n s  can be typed  from t h e  keyboard. The i n p u t  
r a y  be recorded  f o r  r e p o r t  purposes  a s  p r i n t o u t s  and/or  SC-4060 
p l o t s .  

These l a s t  t h r e e  f i l e s  w i l l  be  inc luded  i n  sub rn l i t i nes  of  t h e  
Boost F l i g h t  Program. Thus, u n l e s s  t h e  Boost F l i g h t  Probram i s  
r e v i s e d ,  t h e  u s e r  must i npu t  new FORTRAN s u b r o u t i n e s  i n  o r d e r  
t o  vary  t h e  b u i l t - i n  parameter v a l u e s .  

The inpu t  a r r a y s  w i l l  be  s t o r e d  i n  an Inpu t  F l i g h t  Condi t ions  
F i l e ,  Upon o b t a i n i n g  s a t i s f a c t o r y  i n p u t ,  t h e  u s e r  can ca l l  For 

I 
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execu t ion  of t h e  Boost F l i g h t  Program; i t  w i l l  execu ta  i n  t h e  
b a t c h  mode, r e a d i n g  t h e  Inpu t  F l i g h t  Condi t ion?  F i l e  f o r  i n p u t .  

Wheil t h e  Boost F l i g h t  Program h a s  campletad e x e c u t i o n ,  o u t p u t  
from t h e  program w i l l  be  s t o r e d  i n  t h e  Batch F l i g h t  Condi t ions  
F i l e  and t h e  Boost P l o t  Data F i l e .  The boost P l o t  Data F i l e  
w i l l  c o n t a i n  v a r i o u s  parameters  l o  be p l o t t e d .  (Table  4 .9-1 
l i s t s  t h e  a v a i l a b l e  pa rame te r s . )  There w i l l  be  t h r e e  cu rves  
t o  a p l o t  frame. The u s e r  may select as many of  t h e  cu rves  t o  
be d i s p l a y e d  as d e s i r e d .  Hardcopy p r i n t o u t s  and SC-4060 p l o t s  
may a l s o  be ob ta ined .  

4 . 9 . 4  OUTPUT 

Output from t h e  f u n c t i o n  w i l l  c o n s i s t  o f  t h e  fo l lowing .  

0 The i n p u t  data  may b e  d i s p l a y e d  i n  t a b u l a r  form on t h e  con- 
s o l e  s c r e e n  and a hardcopy ob ta ined .  

0 An Input  F l i g h t  Cond i t ions  F i l e  w i l l  be  c r e a t e d  f o r  s t o r i n g  
t h e  i n p u t  f o r  u s e  by t h e  ba t ch  program. 

0 Program ou tpu t  w i l l  be s t o r e d  i n  t h e  Boost P l o t  Datcl F i l e .  
Graphica l  d i s - l a y s  a t  t h e  conso le  and SC-4060 p l o t s  of t h e  
progrrm out?ut  can be  gene ra t ed .  Table  4 . 9 - 1  c o n t a i n s  a 
l i s t  of  a v a i l a b l e  p l o t s .  

0 A Batch F l i g h t  Condi t ions  F i l e  w i l l  be c r e a t e 6  to c o n t a i n  
o u t p u t  used by o t h e r  ISAS f u n c t i o n s .  
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Figure 4.9-1. - Data flow C ? I - ~ . P - ~  r ~ r  Roost 
Flight Condit i 
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TABLE 4.9-1. - AVAILABLE PLOTS FOR BOOST FLIGHT 

Frame 
Number 

1 

2 

3 

4 

s 

6 

Variable 

Q M R  
ALT 
AMACH 

VWY 

ALPHAY 

QBAR" 
ALPHAY 

VRELM 

THRUST 
WEIGHT 

vwz 
ALPHAP 

QBAR" 
ALPHAP 

X DD 
Y DD 
Z DD 

PI1 I DD 

1 HETADD 

PSI DD 

CONDITIONS FUNCTION 

Description 

Dynamic pressure 
A1 t i tude 
Mach number 

Wind velocity in the 
platform Y-direction 
Booster body yaw angle of 
attack 
Dynamic pressure multiplied 
by booster body yaw anglc 
of attack 

Vehicle relative 
velocity magnitude 
Booster thrust magnitude 
Vehicle weight 

Wind velocity in the plat- 
form Z-direction 
Booster body pitch angle 
of attack 
Dynamic pressure multiplied 
by pitch angle 

X-body acceleration 
Y-body acceleration 
Z-body acceleration 

X-platform axis, rotational 
ac c e 1 era t ion 
Y-platform axis, rotational 
acceleration 
Z-platform axis, rotational 
acceleration 

Units 

lb/ft2 
ft 

in. /sec 

deg 

deg-lb/ft2 

in./sec 

lb/106 
lb/106 
in. /see 

deg 

deg- lb/ft2 

2 

2 

2 

rad/sec 

rad/sec 

rad/sec 
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TABLE 4.9-1. -AVAILABLE PLOTS FOR BOOST FLIGHT 
CONDITIONS FUNCTION - Concluded 

0 

I I Variable Number 

PSI 

PHIC 
THETAC 
PSIC 

~~ 

Description 

I 

9 

Y LOAD 

FORE 
Y LOAD 

1 X FIT I LOAD 

Units 

I PHI Roll angle 
P i tch  angle 
Yaw angle 

Commanded r o l l  angle 
Commanded p i t ch  angle 
Commanded yaw angle 

Total  la teral  react ion on 
a f t  f i t t i n g s  
Lateral  react ion on 
forware f i t t i n g  
Total  longitudinal 
f i t t i n g  react ion 

l b  

l b  

l b  L X FIT 
LOAD 

L LEFT 
Z LOAD 
RT 
1. LOAD 
FORE 
Z LOAD 

Ver t ica l  react ion on 
l e f t  a f t  f i t t i n g  
Ver t ica l  react ion on 
r i g h t  a f t  f i t t i n g  
Vert ical  react ion on 
forward f i t t i n g  

l b  

l b  

l b  
~~ ~ ~~ ~ 

Total t h rus t  fo r  each 
engine (1 t o  5 )  
Engine gimbal angle about 
Y ax i s  
Engine gimbal angle about 
Z ax i s  

1 G 6  l b  THRUST 

BETAY 

BETAZ 
~~ ~~ 

Dynamic pressure vs.  
Mach number 
Pitch vs.  Mach number 
QBAR*ALPHAP vs. Mach nc-ber 

l b / f t 2  QBAR 

ALPHAP 
QBAR* 
ALPHAP 

del3 
deg- l b / f t Z  

-~ ~ ~ 

ALTITU3E 
ALPHAY 

~~ ~ ~ ~~ ~~~ ~~ 

Alti tude vs .  Mach number 
Yaw angle-of-at tack vs.  
Mach number 
Dynamic pressure mult ipl ied 
by yaw angle-of-at tack vs.  
Mach number 

f t  
des 

1 7  

deg- lb / f  t QBAR" 
ALPHAY 
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4.10 DYNAMIC LOADS 

The requirement to provide support in this area was Aeleted by 
the Structures Branch (EX). Figure 4.10-1 is a data flow 
diagram of the Dynamic Loads functiqn. 

BOOST FLlGHT 
PROGRAM 

I 

FRISE PROGRAM 

I 

TAPE 52 
H S P 2  PROGRAM 

SELECT F I L E  
TO BE EDITED 
AND PLACED ON 

Figure 4.10-1. - Data f l o w  diagram for Dynamic Loads. 
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4 . 1 1  ELEMENT PROPERTY FILE GENERATOR 

4.11.1 PURPCSE 

T h i s  f u n c t i o n  w i l l  g e n e r a t e  t h e  Element P r o p e r t y  F i l e ,  which 
w i l l  p rov ide  s e c t i o n  p r o p e r t i e s  f o r  each of t h e  e lements  d e f i n e d  
i n  t h e  User Model F i l e .  
a s  i npu t  f o r  o t h e r  programs i n  tilu iSAS system. F igu re  4.11-1 
i s  a d a t a  f low diagram for t h i s  f u n c t i o n .  

rhe Element P r o p e r t y  F i l e  can t h e n  sev- 

4 . i z . 2  INPUT 

The i n p u t  w i l l  c o n s i s t  of t h e  User Model F i l e ,  S e c t i o n  P r o p e r t i e s  
and Allowables  F i l e ,  and o t h e r  d a t a  provided  by t h e  u s e r .  

4.11.3 PROCESSING 

The demand p rocess ing  f u n c t i o n  w i l l  u s e  v i s u a l  d i s p l a y s  t o  l e a d  
t h e  u s e r  through t h e  procedures .  
f i l e  names o f  t h e  User Model F i l e  and t h e  S e c t i o n  P r o p e r t i e s  

f o r  t h e  p r o c e s s i n g .  The User Model F i l e  w i l l  c o n t a i n  t h e  t y p e  
of e lement ,  element number, and g r i d  p o i n t  numbers of  t h e  ele- 
ment;  t h e  S e c t i o n  P r o p e r t i e s  and .Ulowables  F i l e  w i l l  p rov ide  
s e c t i o n  p r o p e r t i e s  i n fo rma t ion  r e f e r e n c e d  by g r i d  p o i n t  i n  each 
r eg ion .  

The f i r s t  i n p u t  w i l l  b e  t h e  

d and Allowables  F i l e .  These two f i l es  w i l l  p rov ide  i n p u t  d a t a  w -  

A f t e r  t h e  f i l e  names a r e  v e r i f i e d ,  t h e  p rocess ing  f u n c t i o n  should  
g e n e r a t e  a t a b l e  o f  m a t e r i a l  p r o p e r t i e s  f o r  t h e  e lements  d e f i n e d .  
The f u n c t i o n  should s e a r c h  t h e  User Model F i l e  and S e c t i o n  Prop- 
e r t i e s  and Allowables f i l e  f o r  cor responding  g r i d  p o i n t  numbers 
w i t h i n  each r e g i o n  and g e n e r a t e  a t a b l e  f o r  t h e  element number 
cor responding  t o  t h e  g r i d  p o i n t  number. The u s e r  should  be  
provided w i t h  a menu t o  s e l e c t  t h e  p r o p e r t i e s  t o  be  inc luded  i n  
t h e  Element P rope r ty  Fi le .  The p r o p e r t i e s  w i l l  be  s i m i l a r  t o  
t h o s e  of t h e  S e c t i o n  P r o p e r t i e s  and Allowables F i l e  and i n c l u d e  
w i d t h ,  t h i c k n e s s ,  a r e a ,  and moments of i n e r t i a .  The u s e r  can 
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choose s e v e r a l  p r o p e r t i e s  OF a l l  p r o p e r t i e s ,  depending on t h e  
a n t i c i p a t e d  u s e  of  t h e  Element P rope r ty  F i l e .  

- 
S e c t i o n  P r o p e r t i e s  Element Element 

Number Type 

Rod A J  

Beam A I1 I2 J K 1  K2 

The u s e r  w i l l  be a b l e  t o  e d i t  t h e  f i l e  after it is gene ra t ed ;  
i .e . ,  t o  o v e r r i d e  t h e  p r o p e r t i e s  by i n p u t t i n g  new d a t a  v a l u e s  
t h a t  might be r e q u i r e d  f o r  d e s i g n  changes.  
b e  r eques t ed  t o  i n p u t  a f i l e  name f o r  t h e  Element P rope r ty  F i l e .  
The u s e r  w i l l  be  a b l e  t o  d i s p l a y  t h e  f i l e  i n  a t a b u l a r  d a t a  form 
showing element number, e lement  t y p e ,  and s e c t i o n  p r o p e r t i e s .  
The d a t a  on t h i s  f i l e  should be  r e f e r e n c e d  by element  number. 
A sample of  t h e  format  is a s  f o l l o w s :  

The u s e r  w i l l  t h e n  

where 

A - c r o s s  s e c t i o n a l  area 

- T o r s i s o n a l  Constant 

I1  - moment of i n e r t i a  about  f i r s t  p l a n e  

I2 - moment of  i n e r t i a  about  second p l a n e  

K 1  - shear a r e a  f a c t o r  about  f i rs t  p l a n e  

K 2  - s h e a r  a r e a  f a c t o r  about  second p lane  

4 . 1 1 . 4  OUTPUT 

The Element Proper ty  F i l e  w i l l  be  o u t p u t .  T h i s  f i l e  i s  d e f i n e d  
i n  t h e  appendix.  
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1 

TABULATIONS TERMINAL 
INPUT 

AND ALLOW- 

Figure 4.11-1. -Data flow diagram for Element Property 
File Generator. 
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4.12 FATIGUE ASSESSMENT 

4 . 1 2 . 1  PURPOSE 

This  f u n c t i o n  w i l l  p rov ide  a method for c a l c u l a t i n g  t h e  damage 
t a  s t r u c t u r e s  s u b j e c t e d  t o  a wide r ange  o f  l oad ing  c o n c i t i o n s .  
Th i s  a n a l y s i s  w i l l  be  performed on a wide range  of s t r u c t u r a l  
materials. The damage w i l l  be  used i n  computing t h e  expec ted  
f a t i g u e  l i f e  of  t h e  material. Graph ica l  d i s p l a y s  w i l l  be p r e -  
s en ted  showing t h e  c y c l e s  t o  f a i l u r e  fo r  d i f f e r e n t  stress 
l e v e l s .  A d a t a  flow diagram f o r  F a t i g u e  Assessment is  shown i n  
f i g u r e  4.12-1.  

4 . 1 2 . 2  INPUT 

The inpu t  d a t a  r e q u i r e d  by t h i s  f u n c t i o n  w i l l  be  ob ta ined  from 
t h e  NASTRAN Sor t ed  Data F i l e  and t h e  F a t i g u e  Input  Data F i l e .  
Desc r ip t ion>  of  t h e s e  f i l e s  can be found i n  t h e  appendix o f  t h i s  
document. 
t h e  d a t a  ob ta ined  from t h e s e  f i l e s  by t h e  use ai t h e  i'emote 
t e rmina l .  

The u s e r  w i l l  be  a b l e  t o  supplement o r  modify any of 

A t  t h e  remote t e r m i n a l ,  t h e  u s e r  w i l l  a l s o  i n p u t  any c o n t r o l  
in format ion  needed by t h i s  f u n c t i o n .  T h i s  i n fo rma t ion  w i l l  
i nc lude  t h e  l o c a t i o n  on t h e  v e h i c l e  a t  which s t r e s s e s  are t o  be 
ana lyzed ,  t h e  type  of load  t o  be used i n  t h e  a n a l y s i s ,  t h e  type  
of e lement ,  and t h e  t y p e  of  material. 

4.12.3 PROCESSIN 

Three suh func t ions  w i l l  be used i n  t h e  p rocess ing  t o  be performed 
by this f u n c t i o n .  These sub func t ions  a r e :  Form S t r e s s  Time H i s -  
t o r y  and S t r e s s  R a t i o ,  Compute Accumulative Damage, and Compute 
Equiva len t  Damage S p e c t r a .  Each of  t h e s e  sub func t ions  w i l l  
c r e a t e  a d a t a  f i l e  which w i l l  be used i n  t h e  succeeding subfunc-  
t i o n .  Therefore ,  i n  t h e  normal demand mode of o p e r a t i o n ,  t h e  
uscr can t e rmina te  h i s  j o b  a f t e r  any subfunc t ion  is completed and 
l a t e r  begin  h i s  j ob  a t  t h e  beginning of  t h e  n e x t  sub func t ion .  
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4.12.3.1 Form S t r e s s  Time H i s t o r y  and S t r e s s  Ratio 
(Subfunct ion 1) 

This  sub func t ion  w i l l  create t h e  S t r e s s  Data F i l e  u s ing  t h e  
NASTRAN Sor t ed  Data F i l e  as i n p u t .  
w i l l  c o n t a i n  load s p e c t r a  exceedance c u r v e s  which w i l l  be i den -  
t i f i e d  by l o c a t i o n  on t h e  v e h i c l e ;  l oad  t y p e  such as s h e a r  X, 
moment Y ,  a c c e l e r a t i o n s ,  o r  p r e s s u r e s ;  t y p e  o f  f l i g h t ;  and f l i g h t  
time. Th i s  sub func t ion  w i l l  create one load  spectrum f o r  each  
l o c a t i o n  on t h e  v e h i c l e  a t  which f a t i g u e  a n a l y s i s  i s  t o  be p e r -  
formed. These s p e c t r a  w i l l  i n c l u d e  t h e  d a t a  f o r  one e n t h r e  
f 1 i g h t  . 

The NASTRAN Sor t ed  Data F i l e  

The u s e r  w i l l  select  from t h e  NASTRAN Sor t ed  Data F i l e  (o r  i n p u t  
a t  t h e  t e r m i n a l )  t h e  f l i g h t  i d e n t i f i c a t i o n ,  t h e  l o c a t i o n  on t h e  
v e h i c l e  a t  which the a n a l y s i s  i s  t o  b e  performed, and t h e  t y p e  
load  t o  be  used t o  b u i l d  t h i s  spectrum. The subfunc t ion  w i l l  
r e t r i e v e  a l l  s p e c t r a  which s a t i s f y  t h e s e  c o n d i t i o n s .  The s p e c t r a  -. 

w i l l  be f o r  a l l  f l i g h t  times fo r  t h e  s p e c i f i e d  f l i g h t .  For each  
spectrum, t h e  maximum and minimum load  a t  exceedance v a l u e s  
8 x 1 0 N - l ,  4 . 5  x 1 0 N - l ,  and 2 x 10 N-l w i l l  be  saved.  A v a l u e  of 
- 3  w i l l  be  t h e  lower boundary on N and t h e  upper  boundary w i l l  
have no l i m i t .  
t h e  f i l e .  The d a t a  v a l u e s  a t  each  exceedance v a l u e  w i l l  be  con- 
s i d e r e d  a load  s t e p .  For each load  s t e p ,  t h e  c y c l e s  p e r  f l i g h t  
w i l l  be  computed us ing  t h e  fo l lowing  t a b l e .  

? l  
. >  

I t  w i l l  be de te rmined  by t h e  d a t a  a v a i l a b l e  on 

Exceedance Value 
N -  1 8 x 10 

4 . 5  x 1 0  

2 x 10 

N -  1 

N- 1 

Cycles  per F l i g h t  
N - 1  

N- 1 

N - 1  

s x 10 

3 x 10 

2 x 10 

Also f o r  each load s t e p ,  t h e  l o a d / s t r e s s  r a t i o  w i l l  be  r e t r i e v e d  
from t h e  NASTRAN Sor t ed  Data F i l e  o r  w i l l  be inpu t  a t  t h e  t e r -  
mina l .  The load s t e p  numbers, maximum and minimum l o a d s ,  cycles 

I 
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per  f l i g h t ,  and l o a d / s t r e s s  r a t i o s  w i l l  b e  o u t p u t  on t h e  S t r e s s  
Data F i l e .  The u s e r  w i l l  t h e n  s p e c i f y  t h e  c o n d i t i o n s  f o r  t h e  
next  spectrum. This  p r o c e s s  w i l l  b e  r e p e a t e d  u n t i l  a l l  d e s i r e d  
s p e c t r a  a r e  o u t p u t  on t h e  S t r e s s  Data F i l e .  

Output from t h i s  sub func t ion  w i l l  c o n s i s t  of t h e  S t r e s s  Data 
F i l e ,  t a b u l a t i o n s  of t h e  d a t a  o u t p u t  on this f i l e ,  and g r a p h i c a l  
d i s p l a y s  of any of  t h e  s p e c t r a  i n p u t  from t h e  NASTRAN S o r t e d  Data 
F i l e .  

4.12.3.2 Compute Accumulative Damage (Subfunct ion 2)  

This  sub func t ion  w i l l  be used t o  compute t h e  accumula t ive  damage 
of mechanical o r  a c o u s t i c  f a t i g u e  f o r  v a r i o u s  m a t e r i a l s  a t  d i f -  
f e r e n t  l o c a t i o n s  on t h e  v e h i c l e .  Data w i l l  be  i n p u t  from t h e  
S t r e s s  Data F i l e  and t h e  F a t i g u e  Inpu t  Data F i l e ,  and t h e  r e s u l t s  
from t h e  mechanical f a t i g u e  a n a l y s i s  w i l l  be  o u t p u t  on t h e  F a t i g u e  
Output Data F i l e .  This  sub func t ion  w i l l  be d i v i d e d  i n t o  two 
p a r t s ,  mechanical f a t i g u e  a n a l y s i s  and a c o u s t i c  f a t i g u e  a n a l y s i s .  
The mechanical f a t i g u e  i s  d i s c u s s e d  f i r s t .  

Input  t o  t h e  mechanical f a t i g u e  program w i l l  c o n s i s t  o f  load  
s p e c t r a  d a t a  from t h e  S t r e s s  Data F i l e .  These d a t a  w i l l  be iden-  
t i f i e d  by f l i g h t  i d e n t i f i c a t i o n ,  l o c a t i o n  on t h e  v e h i c l e  on which 
t h e  a n a l y s i s  is  t o  be performed, and type  o f  load .  The u s e r  w i l l  
have t h e  o p t i o n  of pz-ocessinr t h e  e n t i r e  S t r e s s  Data F i l e  o r  
s e l e c t i n g  which s p e c t r a  a r e  t o  be processed .  The user may modify 
t h e  s p e c t r a  r e t r i e v e d  from t h e  above f i l e  o r  i n p u t  a spectrum i f  
i t  is not  on t h e  f i l e .  A f t e r  a load  spectrum h a s  been i n p u t ,  t h e  
l o a d / s t r e s s  r a t i o  w i l l  be  used t o  c o n v e r t  t h e  maximum and minimum 
loads  a t  each load  s t e p  t o  stresses.  Next,  t h e  stress r a t i o  ( R )  
of  t h e  minimum stress  t o  t h e  maximum s t r e s s  a t  each  load  s t e p  
w i l l  b e  computed. The u s e r  w i l l  t hen  inpu t  t h e  i d e n t i f i c a t i o n  of  
t h e  m a t e r i a l  t o  be analyzed.  The F a t i g u e  Input  Data F i l e  w i l l  be 
searched  f o r  t h e  stress v e r s u s  c y c l e s - t o - f a i l u r e  (S-N) cu rve  d a t a  
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€or  t h i s  matcrial .  The u s c r  w i l l  have t h e  o p t i o n  of modifying 
t h e  S-N d a t a  o r  i n p u t t i n g  them i f  t h e y  a r e  n o t  a v a i l a b l e  on t h e  
d a t a  f i l e .  Graph ica l  d i s p l a y s  of t h i s  S-N d a t a  w i l l  b e  r e q u i r e d .  

For each  v a l u e  of maximum stress and co r re spond ing  R ,  t h e  c y c l e s  
t o  f a i l u r e  w i l l  be  r e t r i e v e d  from t h e  S-N curve  d a t a .  The i n c r e -  
menta l  damage f o r  each  load  s t e p  w i l l  be  computed by d i v i d i n g  t h e  
c y c l e s  p e r  f l i g h t  ( r e t r i e v e d  from t h e  S t r e s s  Data F i l e )  by t h e  
c y c l e s  t o  f a i l u r e .  The accumula t ive  damage w i l l  be  de te rmined  by 
summing t h e  inc remen ta l  damage. The l i f e  expec tancy  w i l l  b e  t h e  
r e c i p r c c a l  of t h e  accumula t ive  damage. These r e s u l t s  w i l l  be 
t a b u l a t e d  and o u t p u t  on t h e  F a t i g u e  Output Data F i l e .  The u s e r  
can t h e n  i n p u t  ano the r  t y p e  o f  mater ia l  t o  be ana lyzed  u s i n g  t h e  
c u r r e n t  load spectrum, o r  he can r e q u e s t  a n o t h e r  l oad  spec t rum t o  
be inpu t  from t h e  S t r e s s  Data F i l e .  P rocess ing  w i l l  be  t e rmina ted  
when a l l  l o a d  s p e c t r a  and a l l  t y p e s  o f  material  r e q u e s t e d  have 
been p rocessed .  

The a c o u s t i c  f a t i g u e  program w i l l  receive i t s  i n p u t  from t h e  
Fp t igue  I n p u t  Data F i l e  and from t h e  remote t e r m i n a l .  The f o l -  
lowing in fo rma t ion  w i l l  be i n p u t  a t  t h e  t e r m i n a l .  

M a t e r i a l  i d e n t i f i c a t i o n  - This  in fo rma t ion  w i l l  i n c l u d e  
m a t e r i a l  t y p e ,  a l l o y ,  temper ,  no tch  f a c t o r  (KT), modulus of  
e l a s t i c i t y ,  P o i s s o n ' s  r a t i o ,  u l t i m a t e  t e n s i l e  s t r e s s ,  and 
R -  f a c t  o r .  

Type of  e lement  - Analys i s  w i l l  b e  performed f o r  e i t h e r  a 
p l a t e  o r  a beam. For a beam, t h e  u s e r  w i l l  i n p u t  t h e  l e n g t h  
of t h e  beam and t h e  moment of i n e r t i a .  For a p l a t e ,  i n p u t  
w i l l  c o n s i s t  of  t h e  l e n g t h ,  w i d t h ,  and t h i c k n e s s .  

Densi ty  f a c t o r  - For a beam t h e  weight  w i l l  be i n p u t ;  f o r  a 
p l a t e  t h e  d e n s i t y  w i l l  be i n p u t .  

Boundary c o n d i t i o n s  - The boundary c o n d i t i o n s  f o r  bo th  t h e  
beam and t h e  p l a t c  w i l l  be  s imple  s u p p o r t ,  f r c e  end ,  o r  f i x e d  
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end. For a beam, t h e  u s w  w i l l  i n p u t  t h e  boundary c o n d i t i o n s  
f o r  each  end. For a p l a t e ,  each of t h e  f o u r  s i d e s  w i l l  b e  
i d e n t i f i e d .  

5. Number o f  f a c t o r s  - The u s e r  w i l l  i n p u t  t h e  number and name 
o f  t h e  f a c t o r s ,  o t h e r  than  l i f t o f f  and aerodynamic n o i s e ,  
which a r e  t o  be  gsed  i n  t h e  a n a l y s i s .  

6 .  Time - The u s e r  w i l l  i n p u t  t ime i n  seconds  f o r  each f a c t o r .  

A f t e r  t h e  above d a t a  a r e  i n p u t ,  t h e  fundamental  f requency  (En) of  
t h e  elemer,t w i l l  be  computed. For a beam, t h e  formula is: 

where 

C - c o n s t a n t  which is  r e t r i e v e d  from t h e  F a t i g u e  I n p u t  Data F i l e  
by l e n g t h  o f  beam and boundary c o n d i t i o n s  

E - modulus o f  e l a s t i c i t y  

I - moment of  i n e r t i a  

W - d e n s i t y  f a c t o r  pe r  l e n g t h  

L - l e n g t h  

For a p l a t e ,  t h e  formilla i s :  

where 
- E t  3 /12 (1  - )1 2 D 

t - t h i c k n e s s  
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P - Poi s son’ s  r a t i o  

a - l e n g t h  

P - ( d e n s i t y  f a c t o r  x t ) / 3 8 6  

N B C ,  K - c o n s t a n t s  r e t r i e v e d  from t h e  F a t i g u e  I n p u t  Data F i l e  and 
i d e n t i f i e d  by boundary c o n d i t i o n s  ( l e n g t h  and wid th)  

N e x t ,  t h e  sound p r e s s u r e  l e v e l  (SPL) u s i n g  o n e - t h i r d  o c t a v e  band 
f -equencies  w i l l  b e  de te rmined  f o r  each of  t h e  f a c t o r s  b e i n g  C O R -  

s - i e r e d .  Data f o r  t h e  l i f t o f f  and aerodynamic n o i s e  f a c t o r s  w i l l  
be  s t o r e d  on t h e  F a t i g u e  I n p u t  Data Fi1.e .  Data f o r  t h e  o t h e r  
f a c t o r s  can a l s o  be s t c r e d  on t h i s  f i l e .  The  u s e r  w i l l  have t h e  
o p t i o n  of re’:rieving t h e s e  d a t a  from t h e  f i l e  o r  e n t e r i n g  t h e  
d a t a  a t  t h e  t e r m i n a l .  

The SPL us ing  o n e - t h i r d  ~ c t a v e  band f r e q u e n c i e s  w i l l  t h e n  b e  used 
i n  computing t h e  SPL p e r  h e r t z  f o r  each f a c t o r  as f o l l o w s .  

1 

~i 

SPL/Hz = SPL 1 / 3  - 10 loglo  ( a / 6  f n )  

Next ,  t h e  s p e c t r a l  d e n s i t y ,  G p ( f n ) ,  w i l l  b e  computed f o r  each  
f a c t o r  u s i n g  t h e  equa t ion :  

SPL/Hz 
Cp(fn)  = (Pref )  a n t i l o g  - - =  

2 

where 
- 2 . 9  x l!~-’ l b / i n . *  o r  (.0002)+ d nes 

cm ’ref 

The s t a t i c  p r e s s u r e  (a ) w i l l  b e  de te rmined  n e x t .  A t a b l e  of 
e q u a t i o n s  w i l l  be  used t o  compute t h e  s t a t i c  p r e s s u r e .  T h e  equa-  
t i o n  t o  bc used w i l l  bc de te rmined  by t h e  t y p e  of  e lement  be ing  

0 
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analyzed  and t h e  boundary c o n d i t i o n s  of t h e  e lement .  T h e  r o o t  
mean s q u a r e  stress (arms) w i l l  bc  computed f o r  each f a c t o r  u s i n g  
t h e  formula: 

1/2 
= a 0 4 6  ["- f n ( G  p ( f  n ) ) I  J 'rms 

where 

r; is  t h e  damping r a t i o  and is  i n p u t  by t h e  u s e r  L t  t h e  t e r m i n a l .  

The p e r c e n t  r o o t  mearl s q u a r e  (rms) w i l l  be  determined f o r  each  
f a c t o r  by c i iv id ine  t h e  arms by t h e  u l t i m a t e  t e n s i l e  s t r e s s .  
The c y c l e s  t o  f a i l u r e  f o r  each  f a c t o r  w i l l  be determined f r o n  t h e  
p e r c e n t  rms cu rve  d a t a .  S e v e r a l  methods can be  used t o  o b t a i n  
t h e s e  d a t a .  F i r s t ,  t h e  F a t i g u e  Input  Data F i l e  w i l l  b e  s62arched 
us ing  t h e  m a t e r i a l  i d e n t i E i c a t i o n  as t h e  r e t r i eva l  parameter .  I f  
t h e  d a t a  a r e  n o t  on t h i s  f i l e ,  t h e  u s e r  may i n ? u t  t h e  d a t a .  A 

t h i r d  method w i l l  be t o  compute t h z  p e r c e n t  rms c\:i-ve d a t a  frcm 
t h e  S-N d a t a .  The  S-N d a t a  w i l l  b e  r e t r i e v e d  f r o n  t ; ) ~  F a t i g u e  
Input  Data F i l e  o r  w i l l  be i n p u t  a t  t h e  t e r m i n a l .  A f t e r  t h e  S-N 

d a t a  have been i n p u t ,  t h e  c y c l e s  t o  f a i l u r e  (h,) w i l l  be computed 
f o r  each urms u s ing  t h e  equa t ion :  

whcrc - 

c - 2.71828 

4 - 1 0 1  
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- st ress  leve l  on t h e  S-N curve  a x  

- cycles  t o  f a i l u r e  of 
gX 

N 

A ,  B - i n t e g r a t i o n  limits inpu t  by t h e  u s e r  a t  t h e  t e r m i n a l  
G X  

T h e  c y c l e s  p e r  f l i g h t  (n)  w i l l  be computed f o r  each  f a c t o r  by 
mul t ip ly ing  t h e  t ime by t h e  fundamental f requency ( f n ) .  
incremental  damage w i l l  t hen  be computed f o r  each f a c t o r  by 
d i v i d i n g  n b y  NR . Fina”y  t h e  t o t a l  damage f o r  a c o u s t i c  
f a t i g u e  w i l l  be determined by summing t h e  incrementa l  damage of 
each f a c t o r .  

The 

Oqtput w i l l  c o n s i s t  of a t a b u l a t i o n  o f  t h e  t o t a l  damage. The 
L;scr should have t h e  c a p a b i l i t y  t o  update  t h e  F a t i g u e  Inpu t  Data 
F i l e  w i t h  t h e  new S - t i  d a t a  o r  SPL d a t a  i n p u t  a t  t h e  t e r m i n a l  and 
w i t h  t h e  gene ra t ed  pe rcen t  rms curve  d a t a .  

4.12.3.3 Compute Equiva len t  Damage S p e c t r a  (Subfunct ion 3) 

This  subfunct ion  w i l l  be used t o  compute e q u i v a l e n t  damage 
s p e c t r a  from datr :  Lontained on t h e  F a t i g u e  Ovtput Data F i l e  and 
output  t h e s e  d a t a  on t h e  F a t i g u e  S p e c t r a l  Data F i l e .  The u s e r  
w i l l  se lect  t h e  1oc;i t ion on t h e  v e h i c l e  a t  which t h e  e q u i v a l e n t  
damage spectrum is  t o  be  c a l c u l a t e d .  The u s e r  w i l l  a l so  i d e n t i f y  
t h e  type  of m a t e r i a l  f o r  which t h e  e q u i v a l e n t  damage spectrum is 
t o  be  c a l c u l a t e d .  The F a t i g u e  Output Data F i le  w i l l  be searched  
for  a l l  s p e c t r a  which s a t i s f y  t h e  above c o n d i t i o n s .  

Each spectrt.m w i l l  be  f o r  a given f l i g h t .  For each of t h e s e  
s p e c t r a ,  t h e  c y c l e s  t o  f a i l u r e  f o r  t h e  maximum and minimum p e r -  
cent stress w i l l  be r e t r i e v e d .  The t o t a l  accumulated damage w i l l  
a l s o  be r e t r i e v e d .  The e q u i v a l e n t  a p p l i e d  cycles t o  f a i l u r e  w i l l  
be computed by mul t ip ly ing  t h e  c y c l c s  i o  f a i l u r e  by t h e  t o t a l  
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accumulated damage. The maxir.um and minimum p e r c e n t  s t ress  w i l l  
b c  conver ted  t o  a c t u a l  s tress by m u l t i p l y i n g  t h e  pe.cent stress 
times t h e  u l t i m a t e  t e n s i l e  stress (FTU) and d i v i d i n g  by 100. The 
a c t u a l  maximum and minimm stress and t h e  e q u i v a l e n t  a p p l i e d  
cyc le s  t o  f a i l u r e  w i l l  b e  t a b u l a t e d  and o u t p u t  on t h e  F a t i g u e  
S p e c t r a l  Data F i l e .  A f t e r  a l l  f l i g h t s  for  t h e  g iven  material  and 
l o c a t i o n  on t h e  v e h i c l e  are  p rocessed ,  t h e  n e x t  material and 
l o c a t i o n  on t h e  v e h i c l e  w i l l  be  i n p u t  and t h e  p r o c e s s  r epea ted .  

4 . 1 2 . 4  OUTPUT 

Th i s  f u n c t i o n  w i l l  o u t p u t  t h e  fo l lowing  d a t a  f i l es  which a re  
d e s c r i b e d  i n  t h e  appendix of  t h i s  document. 

0 S t r e s s  Data F i l e  

e F a t i g u e  Output Data F i i e  

e Fa t igue  S p e c t r a l  Data F i l e  

This  f u n c t i o n  w i l l  a l s o  upda te  t h e  F a t i g u e  Inpu t  Data F i l e .  

Tabu la t ions  w i l l  be  r e q u i r e d  o f  t h e  d a t a  c a l c u l a t e d  i n  each of 
t h e  sub func t ions .  Graphica l  d i s p l a y s  a r e  r e q u i r e d  f o r  t h e  load  
s p e c t r a  d a t a  from t h e  NASTRAN S o r t e d  Data F i l e ,  and t h e  S-N d a t a  
an8  pe rcen t  rvs d a t a  from t h e  F a t i g u e  Input  Data F i l e .  
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4 . 1 3  FLIGHT CONDITIONS MERGE 

4.13.1 PURPOSE 

This  f u n c t i o n  shou ld  p rov ide  t h e  c a p a b i l i t y  t o  merge f l i g h t  c o n d i -  
t i o n s  d a t a  from m u l t i - i n p u t  f i l es  i n t o  a s i n g l e  o u t p u t  f i l e .  
F igu re  4.13-1 i s  a d a t a  flow diagram o f  t h e  F l i g h t  Cond i t ions  
Merge f u n c t i o n .  

4.13.2 INPUT 

The i n p u t  t o  t h i s  f u n c t i o n  w i l l  be  one o r  more ISAS F l i g h t  Condi- 
t i o n s  F i l e s  and some c o n t r o l  i n fo rma t ion  s u p p l i e d  by t h e  u s e r  a t  
t h e  demand t e r m i n a l .  Th i s  c o n t r o l  i n fo rma t ion  w i l l  be t h e  f i l e  
i d e n t i f i c a t i o n  and t h e  times used t o  s e l e c t  t h e  r e q u i r e d  d a t a .  

4.13.3 Pkc :; G 

I n  t h i s  f u n c t i c i .  t h e  u s e r  should  be  al lowed t o  merge f l i g h t  con-  
d i t i o n  d a t a  from s e v e r a l  ISAS F l i g h t  Cond i t ions  F i l e s  o n t o  a 
s i n g l e  Merged F l i g h t  Cond i t ions  F i l e .  There  shou ld  be  no l imi ta -  
t i o n  on t h e  number o f  i n p u t  f i l e s  o r  t h e  number of  t h e  p o i n t s  
t r a n s f e r r e d .  The hand l ing  o f  t h e  o u t p u t  f i l e  must a l l o w  f o r  
a d d i t i o n a l  d a t a  t o  b e  p l aced  on an a l r e a d y  e x i s t i n g  Merged F l i g h t  
Condi t ions  F i l e  o r  t o  be  used t o  c r sa t e  a new o u t p u t  f i l e .  

A r e s t r i c t i o n  w i l l  e x i s t  t h a t  o n l y  f l i g h t  c o n d i t i o n s  f i l e s  g e n e r -  
a t e d  by t h e  same program w i l l  be  merged; t h a t  i s ,  t h e  f i r s t  two 
words of t h e  t i t l e  b lock  must be  i d e n t i c a l  t o  t h e  same words of  
t h c  f i r s t  f i l e  used t o  s t a r t  t h i s  f u n c t i o n .  

: \ f tc r  a n  input  f i l e  ha,s been a s s i g n e d ,  t h e  program should  d i s p l a y  
t h c  s t a r t  and s t o p  times. Upon a u s e r  command, t h e  times f o r  
r a c k  d a t a  b lock  should be d i s p l a y e d .  With t h i s  i n f o r m a t i o n ,  t h e  
u se r  w i l l  b e  a b l e  t o  s e l e c t  t h e  d a t a  b locks  t o  be p laced  on t h e  
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o u t p u t  f i l e .  Two methods w i l l  b e  used  t o  select t h e  data  t o  be 
t r a n s f e r r e d .  

1. I n d i v i d u a l l y  selected time p o i n t  d a t a  transfer 

2 .  Range o f  time p o i n t  d a t a  t r a n s f e r  

In  t h e  f i r s t  method, t h e  u s e r  must i n p u t  a v a l u e  fo r  t i m e ,  and 
t h e  d a t a  f o r  t h a t  t i m e  p o i n t  w i l l  b e  t r a n s f e r r e d .  The second 
method w i l l  r e q u i r e  t h a t  a l l  data  between t h e  two time v a l u e s  
( i i . c lud ing  b o t h  end p o i n t s )  b e  t r a n s f e r r e d .  I t  i s  r e q u i r e d  t h a t  
t h e  c a p a b i l i t y  e x i s t  t o  u s e  e i t h e r  one  or b o t h  of t h e  data  selec- 
t i o n  methods i n  t h e  same p a s s  through t h e  f u n c t i o n .  None of t h e  
d a t a  t r a n s f e r r e d  is t o  b e  modi f ied  e i t h e r  by t h e  program or  by 
t h e  u s e r .  The e n t i r e  Header Informat ion  Biock from each  i n p u t  
f i l e  must be  copied  o n t o  t h e  o u t p u t  f i l e  i f  any data  b l o c k s  are 
t r a n s f e r r e d .  T h i s  b lock  s h c u l d  be modi f ied  t o  ref lect  on ly  t h o s e  
t imes  t r a n s f e r r e d .  

I n  t h e  f i l e  t o  be  o u t p u t  by t h i s  f u n c t i o n ,  t h e  i n d i v i d u a l  time 
p o i n t s  may n o t  b e  unique.  T h e r e f o r e ,  a n o t h e r  method i s  r e q u i r e d  
t o  i d e n t i f y  t h e  time b locks .  Each b lock  should  be a s s i g n e d  a 
two-word i d e n t i f i c a t i o n  i n  a d d i t i o n  t o  t h e  e x i s t i n g  in fo rma t ion .  
The f i r s t  word w i l l  be  m alphanumeric  word (maximum s i x  of 
c h a r a c t e r s )  s u p p l i e d  by t h e  u s e r .  Th i s  word must b e  used  for  
each d a t a  b lock  on t h e  o u t p u t  f i l e .  The f i r s t  d a t a  b lock  w i l l  be  
a s s igned  number I, and t h e  n t h  b lock  w i l l  be  n . The header  
block o f  t h e  ou tpu t  f i l e  should  c o r r e l a t e  t h e  two i d e n t i f i c a t i o n  
words w i t h  t h e  time of  t h e  d a t a  block. The f i l e  must n o t  have 
any  d u p l i c a t i o n  of  t h e  two i d e n t i f i c a t i o n  words. The t h i r d  word 
o f  t h c  t i t l e  of  t h e  o u t p u t  f i l e  must c o n t a i n  t h e  F i e l d a t a  word 
"!4IIRGED". 

t 

4-106 



4 . 1 3 . 4  OUTPUT 

The output c?f t h i s  f u n c t i o n  w i l l  c o n s i s t  of o n l y  two items. The 
f i r s t  w i l l  be a d i s p l a y  of times from t h e  input f i l e s .  The 
second output w i l l  be t h e  Merged F l i g h t  Condit ions  F i le .  A 

d e s c r i p t i o n  of t h i s  f i l e  can b e  found i n  t h e  appendix. 
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4 E R M I N A L  
CONTROL 
INFORPIATION 

Figure 4 . 1 3 - 1 .  - Data flow diagram f o r  Flight 
Conditions Merge. 
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4 . 1 4  FLIGHT CONDITIONS FILE REDUCTION 

4 . 1 4 . 1  PURPOSE 

T h e  F l i g h t  Cond i t ions  F i l e  Reduct ion f u n c t i o n  w i l l  a l l ow t h e  u s e r  
t o  s e l e c t  impor tan t  time p o i n t s  from an Input  F l i g h t  Cond i t ions  
F i l e  and save o n l y  t h e  time selected p o i n t s  on a smaller f i l e ,  t h u s  
s a v i n g  mass s t o r a g e  f o r  more impor t an t  d a t a .  F i g u r e  4.14-1 is a data  
flow diagram of  t h e  F l i g h t  Cond i t ions  F i l e  Reduct ion f u n c t i o n .  

4 . 1 4 . 2  INPUT 

The i n p u t  t o  t h i s  f u n c t i o n  w i l l  c o n s i s t  of an ISAS F l i g h t  Condi- 
t i o n s  F i l e  and a p p r o p r i a t e  i n s t r u c t i o n s  as  t o  what d a t a  a r e  t o  be 
t r a n s f e r r e d  t o  t h e  Batch F l i g h t  Cond i t ions  F i l e  ( s e e  f i l e  d e s c r i p -  
t i o n s  i n  t h e  appendix) .  

4.14.3 PROCESSING 

This  f u n c t i o n  w i l l  o n l y  t r a n s f e r  t h e  d a t a  from one f i l e  t o  
a n o t h e r .  No m o d i f i c a t i o n ,  excep t  i n  t h e  f i l e  i d e n t i f i c a t i o n  
parameter  b lock ,  w i l l  be made t o  t h e  d a t a .  The change t o  t h e  
t i t l e  i n  t h e  parameter  b lock  w i l l  c o n s i s t  o f  adding t h e  word 
"REDUCE" a s  t h e  t h i r d  word of t h e  24-word t i t l e  b lock .  The 
o t h e r  d a t a  which w i l l  be changed are  t h e  s t a r t  and s t o p  tips 
parameters .  A f t e r  a l l  d a t a  have been s e l e c t e d ,  t h e  program must 
scan  t h e  t imes and de te rmine  t h e  p r o p e r  v a l u e s  f o r  t h e  new s t a r t  
and s t o p  times. 

The f u n c t i o n  should  d i s p l a y  t h e  s t a r t  and s t o p  t imes  from t h e  
i n p u t  d a t a  f i l c .  The i n d i v i d u a l  times from t h e  d a t a  b locks  
should a l s o  b e  d i s p l a y e d  upon u s e r  command. 

'Two methods w i l l  be used t o  s e l e c t  t h e  d a t a  t o  be t r a n s f e r r e d .  

1 .  I n d i v i d u a l l y  s e l e c t e d  time p o i n t  d a t a  t r a n s f e r  

3 .  Range o f  t ime p o i n t  d a t a  t r a n s f e r  
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For t h e  f i r s t  method, t h e  u s e r  w i l l  i n p u t  v a l u e s  f o r  time and 
t o l e r a n c e ,  and t h e  d a t a  f o r  t h a t  time p o i n t  w i l l  be  t r a n s f e r r e d  
t o  t h e  o u t p u t  f i l e .  The u s e r  should  t h e n  b e  a l lowed  t o  select  
the n e x t  time o r  t o  u s e  method 2 .  

The second method r e q u i r e s  t h a t  a l l  d a t a  between t h e  two t i m e  
v a l u e s  i n p u t  ( i n c l u d i n g  b o t h  t h e  end p o i n t s )  be t r a n s f e r r e d .  I t  
i s  r e q u i r e d  t h a t  t h e  c a p a b i l i t y  ex i s t  t o  u s e  e i t h e r  one o r  b o t h  
of t h e  d a t a  s e l e c t i o n  methods i n  t h e  same p a s s  through t h e  f u n c -  
t i o n .  There shou ld  b e  no r e s t r i c t i o n  on t h e  o r d e r  i n  which t h e  
u s e r  s e l e c t s  times. 

After t h e  u s e r  h a s  completed a l l  d a t a  s e l e c t i o n ,  t h e  f u n c t i o n  
should  perform t h e  fo l lowing  a c t i o n s :  

0 Order t h e  s e l e c t e d  d a t a  t o  a s s u r e  t h a t  t h e  time v a l u e s  are  
i n  ascending  o r d e r  

0 Delete any d u p l i c a t e  t i m e  p o i n t s  (f irst  one saved;  any o t h e r s  
d e l e t e d )  

0 End t h e  f i l e  w i t h  a b lock  of words which c o n t a i n s  s i x  a l p h a -  
numeric 9 ' s  ("999999"). 

Data from on ly  one i n p u t  f i l e  w i l l  be p l a c e d  on t h e  o u t p u t  f i l e .  
T h i s  f u n c t i o n  w i l l  n o t  merge d a t a  from two o r  more f i l e s .  

4 . 1 4 . 4  OUTPUT 

The pr imary o u t p u t  from t h i s  f u n c t i o n  w i l l  be  a s t a n d a r d  Batch 
F l i g h t  Cand i t ions  F i l e  ( s e e  d e s c r i p t i o n  i n  t h e  appendix)  con-  
t a i n i n g  t h e  s e l e c t e d  d a t a .  The on ly  o t h e r  o u t p u t  w i l l  be d i s -  
plays o f  t h e  s t a r t  t ime ,  s t o p  time, and i n d i v i d u a l  times from t h e  
d a t a  b l o c k s .  There w i l l  be no t a b u l a r  o r  g r a p h i c a l  d i s p l a y s  of 
any o t h e r  d a t a .  
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C O N T R O L  
I H P U T  D A T A  

Figure 4.14-1. - Data flow diagram for Flight Conditions 
File Reduction. 
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4.15 INTERNAL LOADS AND DYKAMIC CH4RACTERISTICS 

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. 

0 NASA Structural Analysis (NASTRAN) 

hutomated Structural OFtimization (ASOP) 

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

0 Structural Analysis Program (SAP)* 

0 Acoustic Fatigue Analysis" 

0 Thermal Protection System (TPS)* 

The ability of the Analysis of Aerospace Structures by the Dis- 1 
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. 
from any combination of the following seven data files. (See the 
appendix for file formats.) 

Data can be retrieved 

*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 (ESZ). 1 

I 
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e User Model File 

e Element Property File 

0 Model Material File 

e Model Temperature File 

e Model Weight File 

0 Model Loads File 

0 Structural Allowable Data File 

llsing 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 

CaTd images will be prepared for different files used in proc- 
sssing. In describing the card images, some names are flagged 
using the symbols listed below. These flags give information 
as t o  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 
T - information constructed by the software of this function 
t! - information obtained from the Element Property File 
$ - information obtained from the Model Material File 

-2.15.2.2.1 Grid Points Description 

The ectire User Model File will he read in order to obtain all 
grid points and element descriptions which define the model. 
For each grid point used in the model, a G R I D  card irrlage should 
h e  constructed in t h e  following format. 
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I - X  'b I h  1 7 - 2 4  2 5  S L  3 3 - 4 0  4 1  1 0  4'3-5(1  5 7 - 0 4  b 5 - 7 L  7s -81)  

where 

G R I D +  - c a r d  i d e n t i f i c a t i o n  

ID* - g r i d  p o i n t  i d e n t i f i c a t i o n  number 

CP* - c o o r d i n a t e  system (b lank  u n l e s s  changed manual ly)  

Xl*, Y 1 * ,  Z1* - c o o r d i n a t e s  o f  t h e  g r i d  p o i n t  ( r e a l  number) 

CD - blank  u n l e s s  changed manual ly  

PS - blank  u n l e s s  char,ged manual ly  

4 . 1 5 . 2 . 2 . 2  Elemcnt D e s c r i p t i o n  

Using t h e  p - o p e r t y  i d e n t i f i c a t i o n  number of  each element as an 
index ,  t h e  program w i l l  r e ad  t h e  Element P rope r ty  F i l e  and 
o b t a i n  p r o p e r t y  d e s c r i p t i o n s  of each  e lement .  From the in forma-  
t i o n  t h a t  i s  o b t a i n e d  from t h e  User Model and Element P r o p e r t y  
F i l e s ,  t h e  f u n c t i o n  can c o n s t r u c t  e lement  d e s c r i p t i o n  c a r d s  and 
element  p r o p e r t y  descr ip : ion  c a r d s .  The t y p e  of  e lement  w i l l  
de t e rn  le which one o f  t h e  15 element  d e s c r i p t i o n  c a r d s  w i l l  be  
used.  I f  an element  p r o p e r t y  d e s c r i p t i o n  c a r d  i s  a l s o  t o  be  
c o n s t r u c t e d ,  t h e n  t h e  t ype  of c a r d  w i l l  a l s o  b e  de te rmined  by 
t h e  element t ype .  On t h e  fo l lowing  pabes i s  a d e s c r i p t i o n  of 
t h e  1 5  e lement  d e s c r i p t i o n  c a r d s  and t h e i r  r e l a t e d  p r o p e r t y  
d c s c r i p t i o n  c a r d s .  On ly  t h o s e  d a t a  f i e l d s  i n  which t h e  program 
w i l l  p l a c e  d a t a  a r e  d i s c u s s e d .  The u s e r  w i l l  have t h e  a b i l i t y  
t o  add d a t a  f o r  any remaining d a t a  f i e l d s  u s i n g  t h e  e d i t  capa-  
b i l i t y  of t h e  remote t e r m i n a l .  A d e t a i l e d  d e s c r i p t i a n  o f  a l l  
NASTPAN c a r ' s  may be found i n  t h e  NASTRAN User 's  Manu02 (NASA 

SP-222 v e r s i o n  01) .  

4 . 1 5 . 2 . 2 . 2 . 1  SIMPLE BEAM ELEMENT. The element  d e s c r i p t i o n  ca rd  
w i l l  b e  c o n s t r u c t e d  a s  fo l lows .  
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1 - 8  ! ) - I 6  1 7 - 2 4  2 5 - 3 2  3 3 - 4 0  41-48 45-56 5 7 - 6 4  0 5 - 7 2  7 T - A O  

cnm+ I .  11)" P I I)* 

c PA PB i 

CA" GH" GO" I' bc 

Z 1A z 2A z 3A ?lB 2 2 B  z 3 n  

where 

c BAR+ - card identification for simple beam element 
description 

L In* - element identification number 
PIDT - identification number of property description 

card ( P B A R )  for this element 

G 4 * ,  GB* - grid point identification numbers of connecting 
points 

GO* - grid point identification number of  third pqint 

FT - flag indicating contents of GO (always equal 
to 2) 

abc' ,abf - cor11 inuation flag 

P A ,  PB - pin flags for bar ends A and B ,  respectively 

ZlA, Z2A, Z3A, 
Z l B ,  Z Z B ,  Z3B - sompopents of offset vectors + and 8, , 

respectively, in displacement coordinate 
systems at GA and GB, respectively (real number) 

The element property description card will be constructed as 
f o l l o w s :  

1 - 8  9-A6 17-24 2 5 - 3 2  33-40 41-40 49-56 57-64 6 5 . 7 2  73-80 

I m m  
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where 

COSROL' 1 ':Inn (; 1 
I 

PBAR+ 

P I D ~  

MT D@ 

A a  

I 1  , I2@, I12@ - area moment of inertial (real number) 
J@ 

NSM@ 

K1@, K2@ 

abc , cd 

- card identification for simple beam property 
- same as on CBAR card 

- material identification nunber 
- area of bar cross section (real number) 

@ 

- torsior constants (real number) 
- nonstructural mass per unit length (real number) 
- area factor Cor shear (real number) 

- continuation card flags * r 

C?' I HID@ I Ae [ J e  NSM@ 

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

CONROD+ - card identification for element description of a rod 
element property and connection 

G1*, C 2 *  - grid point identification numbers of connecting points 

N o  element property card will be needed. 

4.15.2.2.2.3 @P.DRILATERAL MEMBRANE ELEMENT. The element 
description card will be constructed as follows: 

1 - S  !I 1 6  1 7 - 2 4  2 5 - 3 2  33-411 4 1 - 4 0  4 9 - 5 6  5 7 - 6 4  6 5 - 7 2  7 3 - 8 0  

I 
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where 

CQDMEM+ 

C ( J I ) M F M l +  

- 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 E I D  

I 1 D* PIP G 1 *  C 2 *  C3* 

G l * y  G2*,  C3*, G4* - grid point identification numbers 

The element property description card will be constructed as 
follows : 

1 - 8  9 - 1 6  1 1 - 2 4  2 5 - 3 2  5 3 - 4 0  4 1 - 4 0  4 9 - 5 6  57-64 6 5 - 1 2  7 3 - 0 0  

where 

PQDMEM' - card identification of property card for element 
described with CQDMEM card 

T P  

NSM@ 

- thickness of me,ibrane (real number) 

- nonstructural mass per unit area 

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

4 . 1 5 . 2 . 2 . 2 . 4  ISOPARAMETRIC QUADRILATERAL ELEMENT. The element 
description card will be constructed as follows: 
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where 

CQDMEMl' - card identification of element description of an 
isoparametric quadrilateral element 

P I D ~  - identification number of PQDMEMl card describing 
properties of element EID 

The PQDMEMl element property description card will be exact1.y 
like the PQDMEM card with the exception of the new card 
identification. 

4.15.2.2.2.5 QUADRILATERAL MEMBRANE ELEMENT. The element 
description Lard 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 

CQDMEMZ' - card identification of element description of a 
quadrilateral membrane element consisting of four 
nonoverlapping triangular membrane elements 

PID* - identilltation number of PQDMEM2 card describing 
properties of element EID 

The PQDMEMZ element property description card will bc exactly 
like t h e  PQDMEM card with the exception of the new card 
identification. 

4.15.2.2.2.6 QUADRILATERAL BENDING ELEMEh. . The description 
of this t y p e  of  structural element will be placed on a CQdPLT 
c a r d  imagc. The format of the card will be like that of the 
CQDMEM c a r d  with the exception of the following two fields. 
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CQDPLTI - card identification of element description of a 

quadrilateral bending element 

PIDi - identification number of a PQDPLT property card 

The element property description card will be constructed as 

follows: 

1 - 8  !)- 16 1 7 - 2 4  2 5 - 3 2  3 3 - 4 0  4 1 - 1 8  49 -56  

where 

PQDPLT+ 

MID1@ 

I @  

- card identification of property card for quadri- 
lateral bending element described on CQDPLT card 

- material identification number for bending 
-bending area of moment of inertia per unit width 

(real number) 

MIDZ@ 

T @  

N SM' 

Zl', Z 2 @  - fiber distances for stress computations, nositive 

- material identification number for transverse shear 

- transverse shear thickness (real number) 
- nonstructural mass per unit area (real number) 

according to the right-hand sequences defined on 
the CQDPLT card (real number) 

4.15.2.2.2.7 QUADRILAIERAL MEMBRANE AND BENDING ELEMENT. The 
description of this type of  structural element will be placed on 
a CQUADl card. With the two exceptions of card identification 
and  clement property card reference, the format of the CQUADl 
c a r d  will be like that of  the CQDMEM card, where 

CQUADl' - card identification 

P I  1P - identification number o f  a PQUADl card containing thc 
property description of the element 
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The element property description card will be constructed as 
f n l  lows: 

PQUA!?l* 

+bC 
5 

i PID' MXDl@ ?le MID2' I @  WIDSC T3' NSWe abc 

21' 2 2@ 

where 

F!?tJXI I 1 + 

MIDI@ 

Tl'' 

\.I I L) 2 '? 

I '  

?I I D 3 '- 

T3'a 

NSM@ 

- card identification of element property card for a 
general quadrilateral element, including bending, 
membrane, and transverse shear effects 

- material identification number for membrane 

- membrane thickness (real number) 
- material identification number for bending 

- area moment of inertial per unit width (real number) 
I 

I - material identification number for transverse shear 

- transverse shear thickness (real number) 

- nonstructural mass per unit area (real number) 

Zl', I?@ - fiber distance for stress computations (real number) 

4.15.2.2.2.8 HOMOGENEOUS QUADRILATERAL MEMBRANE AN3 BENDING 
i:Lt:.\lLNT. The element description for this type of element will 
b c  placed on a CQUADZ card image. The format will be the same 
as f o r  the CQDMEM card with the exceptions that the card identi- 
f i c a t i o n  w i l l  be changed as noted and the element property card 
rcfcrcnccd w i l l  be the PQUADZ type. 

'lhe format of thc PQUADZ element property card will be the same 
a s  t h a t  o f  the PQDMEM, except for the change of the card type 
i d e n  t i f i c a t  ion. 
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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 1 7 - 2 6  25-32 3 3 - 4 0  h l - 4 8  6 9 - 5 6  57-64 65-72 73-00 

where 

CROD+ - card identification 

PID' - identification number of a PROD card containing 
properties of this element 

G 1 * ,  G2* - grid point identification numbers of connection 
points 

The element property description card will be constructed as 

follows: 

1-8 9- 16 l'-ZJ 25-52 33-40 41-48 59-56 57-64 65-72 73-80 

PROD' I PID' I H I D e  I A @  I 

\<here 

;'ROD+ - card identification 
MID@ - material identification number 
i! - area of rod (real number) 

J@ 

:iSMLd 

,i 

- torsion constant (real number) 

- nonstructural mass per unit length (real number) 
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4.15.2.2.2.10 SHEAR 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 1 7 - 2 4  2 5 - 3 2  33-40 4 1 - 4 0  4 9 - 5 6  57-64 6 5 - 7 2  7 3 - 8 0  

where 

C T R I A l '  - 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 PQUADl property card with the exception of the 
new card type identification. 

4 . 1 5 . 2 . 2 . 2 . 1 2  TRIANGULAR ELEMENT. The CTRIAZ card, the element 
description card for this element, will have the same format as 
t h e  CTRIAl card with two exceptions. The card cype ideptifica- 
tion will be CTRIA2' and the variable PID will reference a PTRIAZ 
type element property card. ?'he PTRIAZ card will have the same 
format as n PQDMEM card with the exception of the new card type 
idcn t i f  ica t ion. 
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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 
will 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. 
‘;he format of the card will be like that of the CTRIAl card with 
t h e  exceptions of the following two fields: 

CTRPLT’ - card identification 
PID’ - identification of a PTRFLT property card 

The PTRPLT element property card will have the Same format as 
t h e  PQDPLT card with the exception of the card identification. 

3.15.2.2.2.15 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 f o r  the CROD card. 

.he element property description card will be constructed as 
f o l l o ~ i s :  

where 

PTIJHE+ - card identification f o r  property descriptions of 

O D R  

tension-compression-torsion elements 

- o u t s i d e  diameter of  tube (real number) 

- thickness of tube (real number) 

- -  n o n s t  r u c t u r a l  mass per unit length 

,,. b’ 

NSM:) 
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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: 

I I I I 'A 

where 

MAT1' 

$ E 

GS 

MU $ 

RHO$ 

A$ 

TREF$ 

GE 

- card identification for material property inde- 
pendent of temperature 

- material identification number (same as on 
element property card images) 

- Young's modulus (real number) 
- shear modulus (real number) 
- Poisson's ratio (real number) 
- mass density (real number) 
.- thermal expansion coefficient (real number) 

- thermal expansion reference temperature (real 
number) 

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

abc T ,  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 3 data set identification number 
supplied by the user, the program will construct a TEMP card 
for each grid point as follows: 

1 - R  '1-16 17-24 25-32 33-40 41-48 49-56 57-64 65-72 75-80 

where 

TEMP' - card identi'fication for temperature definition 

SID" - data set identification number 
GX - grid point identification number 
TX - temperature at grid point (real number) 

From onc t o  three grid point temperatures can be defined on a 
single card image. 

For each material, a MAT1 card will be constructed; it will 
c o n t a i n  t h e  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 TAR!,EMl card images as follows: 
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where 

MATT1' - card identification for material property dependent 

MID' 

on temperature 

-- material property identification which matches the 
identification number from some MAT1 card 

R 1' - identification number of a table containing Youngls 
modulus versus temperature 

R 2' - identification number of a table containing shear 
modulus versus temperature 

R 3' - identification number of a table containing Poissonts 
ratio versus temperature 

R S* - identification number of a table containing thermal 
expansion coefficients versus temperature 

R 8' - identification number of a table containing stress 
limit for tension versus temperature 

R9' - identification number of a table containing stress 
limit for compression versus temperature 

R10' - ifientification number of a table containing stress 
limit for shear versus temperature 

L 

TABLFMI* I DX 

+ b c  * x1; x1; 

r T  abc,bc - continuation flag 

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

- - 
i 

r 
C ~ N M ~  + ElD* G* C I L P  Mllo M21' ML2'  M31' K32' abc 

M 3 3 O  M41' M42' M43' M44' M51' M52" M539 de +hc 
i 

- 
+e ' M54" M55' M61° M62' Mh3' M64' M6S0 M66' 

TAB L Ebll - card type identification 

I DX 

abc', bcT 

- table identification number as on a MATT1 card image 

- continuation card flag; as many continuation cards 
as needed may be used 

X X I ,  X;, X t  - temperature values (real number) 

Yi, Y:, Y: - data values which correspond to the temperature 
values (real number) 

ENDT+ - flag indicating end o f  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 
c9nstructed from the weight data. 

where 

CONM1' - idcntification 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' 

CONMZ* €ID" C" 

t b c  * I l l 0  121' 

- mass ma t r ix  v a l u e s  ( r e a l  number); on ly  t h o s e  v a l u e s  
r equ i r ed  need t o  b e  p r e s e n t ,  b u t  a l l  chase c a r d s  
a r e  r e q u i r e d  

i r abc , de - c o n t i n u a t i o n  f l a g s  

CID* M0 X 1 '  x2 ' 
122" 131' 132' 135' 

I 

The CONMZ ca rd  type  w i l l  d e f i n e  a concen t r a t ed  mass a t  a g r i d  
p o i n t  of t h e  s t r u c t u r a l  model. 

where 

CONMZ+ - c a r d  i d e n t i f i c a t i o n  

EID* - unique element i d e n t i f i c a t i o n  number as on 
an element d e s c r i p t i o n  ca rd  

G" - g r i d  p o i n t  i d e n t  i f i c a t  ion number 

CID* - c o o r d i n a t e  system i d e n t i f i c a t i o n  number 

M' - mass v a l u e  ( r e a l )  

X l O ,  X Z ' ,  X3O - o f f s e t  d i s t a n c e  

I l l ' ,  I n ' ,  I n o ,  
I31', I3Zo,  133' - m a s s  moments of i n e r t i a  measured a t  t h e  mass 

center of g r a v i t y  

4 . 1 5 . 2 . 2 . 5  Loads Data D e s c r i p t i o n s  

The Model Loads F i l e  prepared by t h e  Force Inpu t s  t o  I n t e r n a l  
Loads Analys is  f u n c t i o n  w i l l  b e  t h e  nex t  i npu t  f i l e .  The  EDIT 
subfunct ion  0 5  t h e  Force Inpu t s  t o  I n t e r n a l  Loads Analys is  func-  
t i o n  w i l l  p r o v i d e  a l l  t h e  c a p a b i l i t y  needed f o r  t he  handl ing  of 
t h i s  f i l e .  
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4.15.2.3 Output I 

Output from t h e  NASTRAN i n p u t  s u b f u n c t i o n  w i l l  c o n s i s t  of a Run- 
s t r eam Input  F i l e  t o  ’02 i n p u t  i n t o  NASTP-’.N. A t a b u l a t i o n  
( f i g .  4 . 1 5 - 2 )  of t h e  c o n s t r u c t e d  d a t a  i s  a l s -  r e q u i r e d .  The 
o u t p u t  f i l e  w i l l  c o n t a i n  c a r d  images o f  NASTRAN bu lk  d a t a  c a r d s .  
A d e t a i l e d  d e s c r i p t i o n  o f  f i l e  format and c o n t e n t s  i s  c o n t a i n e d  
i n  t h e  appendix.  

4 .15 .3  ANALYSIS OF AEROSPACE STRUCTURES BY THE DISPLACEMENT 
METHOD (AIR FORCE PROGRAM) 

4 .15 .3 .1  Inpu t  

The d a t a  t o  b e  used i n  p r e p a r i n g  t h i s  runs t ream car. be o b t a i n e d  
from any combination o f  f ’  e d i f f e r e n t  f i l e s  and from manual 
i n p u t .  The d a t a  f i l e s ,  which are  d e s c r i b e d  i n  t h e  appendix, 
w i l l  b e :  

0 User Model. F i l e  - T h i s  f i l e  w i l l  s upp ly  t h e  g r i d  p o i n t  i den -  
t i f i c a t i o n  numbers; X ,  Y ,  an3 Z c o o r d i n a t e s  o f  t he  g r i d  p o i n t s ;  
and complete elemer,t d e s c r i p t i o n s .  

e Element P r o p e r t y  F i l e  - The s t r u c t u r a l  p r o p e r t i e s  f o r  each  
element w i l l  be c o n t a i n e d  i n  t h i s  d a t a  f i l e .  

0 blodcl Temperature F i l e  - T h i s  f i l e  w i l l  c o n t a i n  d a t a  which 
d e s c r i b e  the rma l  l o a d i n g  c o n d i t i o n s .  

0 bln ter ln l  Data F i l e  - T h i s  t y p e  of  f i l e  w i l l  c o n t a i n  d e s c r i p -  
t i o n s  o f  t h c  ina t e r i a l  p r o p c r t i e s .  

0 Model Loads F i l e  - Card images,  which w i l l  be c o n s t r u c t e d  by 
o t h c r  ISAS f u n c t i o n s ,  can be r e t r i e v e d  from t h i s  f i l e  and 
inc luded  i n  t h e  new runstrc:im. 

Thc r 2 p a o i l i t y  must b e  p r o v i d e d  t o  e n t e r  a d d i t i o n a l  d a t a  of  any 
t y i j c  l i s t c d  ;itlove, t o  modify an): d a t a  o b t a i n e d  from f i l e s ,  and t o  
d e l c t e  any d a t a .  
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4 .15 .3 .2  Process ing  

4 . 1 5 . 3 . 2 . 1  Grid Po in t s  Desc r ip t ion  

The User Model F i l e  w i l l  be  r ead  i n  o r d e r  t o  o b t a i n  d e s c r i p t i o n s  
of  a l l  g r i d  poinzs and elements which d e s c r i b e  t h e  s t r u c t u r a l  
model. iiie g r i d  p o i n t  d e s c r i p t i o n s  w i l l  be  used t o  c o n s t r u c t  
inages  of NASTRAN G R I D  c a r d s .  

1-8 9-16 1 7 - 2 1  2 5 - 3 2  3 3 - 4 0  4 1 - 4 0  4 9 - 5 6  5 7 - 6 4  65-72 73-80 

where 

GRID+ - ca rd  i d e n t i f i c a t i o n  

Ili" - g r i d  p o i n t  i d e n t i f i c a t i o n  number 

CP* - c o o r d i n a t e  slstem i d e n t i f i c a t i o n  

X1*, Y1*, Z1* - g r i d  p o i n t  c o o r d i n a t e s  

PS, CD - blank u n l e s s  changed manually 

The f i e l d  CP w i l l  always c o n t a i n  b l w k s  since t h e  A i r  Force 
Program can accep t  d a t a  f o r  on ly  one c o o r d i n a t e  system. 

From t h e  element d e s c r i p t i o n s ,  t h e  program should c o n s t r u c t  
images of t h e  fo l lowing  NASTRAN element c a r d s :  

0 CONROD 

0 CROD 

0 CTRhiEM 

0 CJDMEM 

0 CSHEAR 
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'Ihc Air Force Program w i l l  h e  l i m i t e d  t o  t h e  preceding  l i s t e d  
clement t ypes .  A l l  o t h e r  NASTRAN elements  must be  conver ted  t o  

one of these  types .  The program w i l l  d i s p l a y  these KASTRAN e le -  
ments,  and t h e  u s e r  w i l l  s e lec t  h h i c h  e lements  a r e  t o  b e  con-  
v e r t e d .  This  convers ion  w i l l  be based on t h c  number of g r i d  
p i n t s  i n  t h e  element d e s c r i p t i o n .  Elements having  two g r i d  
p o i n t s  w i l ;  be  conver ted  t o  CROD; t h o s e  having t h r e e  g r i d  p o i n t s  
w i l l  be conver ted  t o  CTRMEM; and t h o s e  having f o u r  g r i d  p o i n t s  
w i l l  be conver ted  t o  CQDMEM. The conve r t ed  r e s u l t s  w i l l  be  d i s -  
played f o r  u s e r  v e r i f i c a t i o n .  D e t a i l e d  d e s c r i p t i o n s  of each of 
t h e  element c a r d s  can be  found i n  s e c t i o n  4.15.2.2 o f  t h i s  
document. 

4.15.3.2.2 Element D e s c r i p t i o n s  

Using t h e  prop-r ty  i d e n t i f i c a t i o n  number o f  each element ,  t h e  
program x i 1 1  read  t h e  Element Proper ty  F i l e  and o b t a i n  t h e  s t r u c -  
t u r a l  p r o p e r t i e s  f o r  each elcmcnt .  Xmases of NASTRAN p r c p e r t y  
c a r d s  w i l l  t hen  be gene ra t ed  f o r  each element d e s c r i b e d  or. t h e  
e l w c n t  ca rds .  Thc type  o f  p r o p e r t y  c a r d  c r e a t e d  w i l l  be  depen- 
dent  on t h e  t;Jpe of  clement ca rd  used t o  d e s c r i b e  t h e  e lement .  
T h i s  corrcsponGencc i s :  

0 C R O D  = PROD 

0 CTRhlEhl = 3TRMEBl 

0 CONROD = (no p rope r ty  ca rd  needed) 

1:;ich o f  t h c s c  p r o p c r t y  ca rd  t y p e s  i s  d e s c r i b e d  i n  s e c t i o n  4.15.2.2.  

4 . 1 S . 3  . 2 . 3  Ma t c r i a 1 Dcs c r i pt ion  s 

'rhc hloJc1 > I a t c r i n i  P i l e  w i l l  he read i n  o r d c r  t o  o b t a i n  m a t e r i a l  
propcr-t i c s  f o r  t hnsc  m a t c r i a l s  i d e n t i f i e d  on Lhe p r o p e r t y  c a r d  
iniag:cs. 'fhese d a t a  w i l l  t h e n  b e  used t o  c o n s t r u c t  m a t e r i a l  
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property definition card inages. Before these images are con- 
structed, the user will indicate if temperature is to be con- 
sidered in the analysis. 

4.15.3.2.3.1 TEMPERATURE INDEPEKDCNT ANALYSIS. - For this analysis 
case, the material properties will be placed on images of MAT1 
cards. 

1 - 8  9-16 1 7 - 2 4  2 5 - 3 2  33-40 4 1 - 4 0  4 9 - S 6  5 7 - 6 4  6 5 - 7 2  73-00 
i TREF GE abc 

where 

MAT1+ - 

MID@ - 

E$ - 

GO - 

RHO$ -- 

TREF$  - 

GE$ -- 

- $ MlJ 

- $ A 

- r T abc , bc 
ST', Sf  , SS - $ c 

card identification 

material identification number (same as on 
element property card image) 

Young's modulus (real number) 

shear modulus (real number) 

Poisson's ratio (real number) 

mass density (real number) 

thermal expansion coefficient (real number) 

thermal expansion reference temperature (real 
number) 

structural element damping coefficient (real 
number) 

continuation flag 

strzss limits for tension, compression, and 
shear (real number) 

4.15.3.2.3.2 TEMPERATURE DEPENDENT ANALYSIS. If thermal loading 
conditions are t o  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 shoulu then construct matcrial 
property card images (as described previously) and images of 
NASTRAN TEMP cards. The format of the card is shown below. 

1 - 3  ! I -  l o  1 7 - 2 4  2 5 - 3 2  33-4n 4 1 - 4 8  ~ Y I - S ~  ;?-64  6 5 - 7 2  7 3 - 8 0  

where 

TEMP+ - card identification 

SIDX 

GX 

TX - temperature (real ) er) 

- temperature set identification number 

- grid point identification number 

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  mcihanical loading conditions are to be ai ?d, the program 
should retrieve images of FORCE cards from the hdel 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 h&;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 w ; l l  have the capability to have all card images dis- 
played, t o  delete any card images, and to modify any card images. 
Also  he should have the ability t o  manually input iqages of any 
t y p c  card. 
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4 . 1 5 . 3 . 3  Output 

T h e  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 b e  displayed. A detailed description or' 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 subfunction. 

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. 

0 User Model File 

0 Element Property File 

a Model Material File 

0 Model Loads File 

Also, the user can input additional information from the remote 
terminai .  

4 . 1 5 . 4 . 2  Processing 

The primary processing required from this function of ISAS will 
be t h e  preparation of input card images for ASOP. The user must 
be ailowed 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. 
form. * cf individual segments of the input deck is provided in 
the following sections. Additional information may be obtzined 
from the technical report AFFDL-TR-74-96, An Improved Automated 

Detailed information on the composition and 
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S t rz4 c tu 2nd I L I P  t i m i  Z Q  t i o n  i 'ro!; )vim. 'I'hc fo  1 1 ow i nR 1 is t ind i c a t e s 

t h e  t y p e s  of  d a t a  which may b e  p l aced  i n  t h e  runs t r eam and t h e  
o p t i o n s  t h a t  must be  provided  t o  t h e  u s e r .  The u s e r  must have 
t h e  c a p a b i l i t y  t o  select  t h e  d a t a  t y p e s  t o  be p l aced  i n  t h e  
;uns t ream. 

Option 

1 
3 
3 
4 

5 
6 
7 

a 
9 

1 0  
11 
1 2  

Data Type 

I n i t i a l i z a t i o n  d a t a  
P r o p e r t i e s  o t  composi te  m a t e r i a l  
Allowable stress r e d u c t i o n  f a c t o r s  
Node geometry and boundary c o n d i t i o n s  
Node geometry on ly  
Boundary c o n d i t i o n s  on ly  
M a t e r i a l  p r o p e r t i e s  update  
Member d a t a  
Load d a t a  
Condensed boundary c o n d i t i o n s  
D e f l e c t i o n  c o n s t r a i n t s  
S t a b i l i t y  t a b l e s  

4 . 1 5 . 4 . 2 . 1  I n i t i a l i z a t i o n  Card 

P r i o r  t o  t h e  c r e a t i o n  of  any l a r g e  b locks  o f  d a t a  d e s c r i b i n g  
t h e  s t r u c t u r e  and l o a d i n g ,  one d a t a  c a r d  w i l l  be r e q u i r e d  t o  
c o n t r o l  t h e  sequencing o f  o p e r a t i o n s .  The format f o r  t h i s  image 
is shown below and c o n t a i n s  t h c  fo l lowing  in fo rma t ion .  

where 

IS - maximum number o f  c y c l e s  t o  be p e r m i t t e d  i n  t h e  i n i t i a l  
L , l  A .- 7tre:;s c o f i s t r n i ~ t  phase cf t h e  Fynthesis a l g o r i t h m  

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

cc - convergence criterion for weight differences 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 optian; if operative, a "1" 
will be entered (11 format) 

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

column 2 6  - intermediate output, such as element matrices, 
in the initial phase 

column 27  - debugging information ir, the deflection 
constraint phase 

column 2 8  - 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 

._ 
T I T L E  - 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 
"e entered (I1 format) 

cw - flag t o  print orthogonal element warp loads; if operative, 
a "1" will be entered (I1 format) 

co - clue to print orthogonal element stresses in the property 
axis system; if operative, a "1" will be entered (I1 
format) 

TM - title of the member matrix following redesign; this may 
be any alphanumeric name ( A 8  format) 
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4.15.4.2.2 Properties Composite Material 

1 E2 2 5 2  Card 1 MATRL 

DFta describing the properties of the composite materials will 
follow the initialization. I f  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 unidirectionai. 
The cards wil be constructed as follows: 

- 
THICK DEN u 1 2  " 2 1  

Card 2 MATRL 

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 appcar on both cards. 

E l ,  - Young's modulus for the material in the direction of  the 
fibers (1110.0 format) 

- Young's modulus f o r  the material transverse to the fibers \ ,2  2 
( E 1 0 . 0  format) 

G I  ; - shear modulus of the composite (E1O.O format) 

- !)oisson's ratio (transverse strain due to axial stress) 
Li 1 2 

( 1 : l O . O  format) 
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- P o i s s o n ' s  r a t i o  ( a x i a l  s t r a i n  due t o  t rnnsverse s t r e s s )  p 2 1  
(E1O.O format )  

T H I C K  - t h i c k n e s s  o f  a s i n g l e  l a y e r  (E1O.O fo rma t )  

DEN - d e n s i t y  i n  pounds p e r  s q u a r e  i n c h  p e r  l a y e r  (E1O.O format )  

- a l l o w a b l e  t e n s i l e  stress i n  t h e  f i b e r  d i r e c t i o n ,  i n  Ft 

FC 

FS 

pounds p e r  s q u a r e  i n c h  (E1O.O fo rma t )  

- a l l o w a b l e  compress ive  stress i n  t h e  f i b e r  d i r e c t i o n ,  
i n  pounds p e r  s q u a r e  i n c h  (E1O.O format )  

- a l l o w a b l e  s h e a r  stress r e f e r r e d  t o  axes a long  and t r a n s -  
v e r s e  t o  t h e  f i b e r  d i r e c t i o n ,  i n  pounds p e r  s q u a r e  
i n c h  (E1O.O fo rma t )  

A l l  of t h e s e  pa rame te r s  w i l l  b e  rea l  numbers w i t h  t h e  e x c e p t i o n  
of  MATRL. 

4 . 1 5 . 4 . 2 . 3  Allowable S t r e s s  Reduct ion F a c t o r s  

There w i l l  be  t h r e e  a l l o w a b l e  stress r e d u c t i o n  f a c t o r  c a r d s :  
one c a r d  each  f o r  t e n s i o n ,  compress ion ,  and s h e a r  a l l o w a b l e  
s t r e s s e s ,  i n  t h a t  o r d e r .  Each card image w i l l  c o n t a i n  20 f i e l d s  
(F4.0) f o r  up t o  20 l o a d i n g  c o n d i t i o n s ,  numbered c o n s e c u t i v e l y  
f r o n  l e f t  t o  r i g h t .  These c a r d s  w i l l  d e f i n e  f a c t o r s  t h a t  w i l l  
be a p p l i e d  t o  t h e  metall ic element  a l l o w a b l e  stresses t o  modify 
them f o r  d i f f e r e n t  l oad ing  c o n d i t i o n s .  I f  the a l l o w a b l e  stresses 
a r e  not t o  be modi f ied ,  t h r e e  b l ank  c a r d s  shou ld  be i n s e r t e d  
i n  t h e  runs t ream.  The a l l o w a b l e  stress r e d u c t i o n  f a c t o r s  w i l l  
normally be decimal  numbers g r e a t e r  t h a n  zero and less t h a n  
one. A l l  of  t h i s  d a t a  w i l l  be i n p u t  by t h e  user.  

4 . 1 5 . 4 . 2 . 4  Label Card 

A l l  o f  t h e  d a t a  s e t s  i n  t h e  fo l lowing  d e s c r i p t i o n  w i l l  s t a r t  
with a LABEL c a r d .  
form t h a t  beg ins  in column 6 .  The c a r d  should  contair .  no b l anks  
between e n t r i e s .  

The LABEL c a r d  w i l l  have t h e  fo l lowing  
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LABEL (, i ) , NAblEA , NAMEB 

where i equals 

0 - flexible supports (additional stiffnessj 

1 - geometry and boundary conditions 

2 - geometry only 

3 - boundary conditions only 

4 - matex ial properties update 

5 - member data 

6 - load data 

7 - condensed boundary conditions 

e - deflection constraints 

9 - stability tables and splice joint tables 

NAMEA and NAMEB - any alphanumeric names t o  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. 

3 . 1 5 . 4 . 2 . 5  Nodal Geometry and Boundary Conditions 

At this point, the user will identify the User Model File and 
the c-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 
format of this card type will be: 

1 - 4  5 -  1 7  18 -311  5 1 - 4 5  4 4 - 5 . 1  5 4  55 56 5 7  5 8  59 6 0 - A 9  
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where 

NODE - node number (I4 format )  

x,y $ 2  - c o o r d i n a t e s  o f  t h e  node (E13 fo imat )  

AX,AY ,AZ ,BX,BY , 0 Z  - boundary c o n d i t i o n s  

The boundary c o n d i t i o n s  can be  

0 - zero disp lacement  component. This  c l u e  w i l l  c a u s e  t h e  
row and colulnn f o r  t h e  p a r t i c u l a r  d i sp lacement  component 
t o  b e  removed from t h e  s t r u c t u r a l  m a t r i x  t h a t  is c r e a t e d .  

1 - "f ree"  ( n o t  s p e c i f i e d )  deg rees  of freedom. 

2 - same a s  0 .  (Refer  t o  AFFDL-TR-74-96 f o r  a d d i t i o n a l  

informat  i o n .  ) 

-4f te r  t h e  program has c o n s t r u c t e d  one of t h e  p reced ing  c a r d s  f o r  
each node, t h e  u s e r  w i l l  be r e q u i r e d  t o  i n p u t  t h e  boundary con- 
d i t i o n s  a t  each  node. A t  t h e  same t i m e ,  he should  be al lowed 
t o  d e l e t e  t h e  c a r d  o r  modify any d a t a  on t h e  c a r d .  
and boundary c o n d i t i o n  d a t a  should  be e n t e r e d  w i t h  t h e  nodes i n  
ascending numer ica l  o r d e r  w i t h  no numbers miss ing .  

I 
The geometry 

As i n d i c a t e d  i n  t h e  d e s c r i p t i o n  of  t h e  LABEL c a r d ,  t h i s  d a t a  
set  m u s t  be preceded by a LABEL(1) c a r d ,  where: 

NAMEA - name f o r  t h e  geometry pseudomatrix ( e i g h t  c h a r a c t e r s  
ma ximum) 

NAMEB - name f o r  t h e  boundary c o n d i t i o n  pseudomatr ix  ( e i g h t  
c h a r a c t e r s  maximum) 

A blank ca rd  must fo l low t h e  l a s t  geometry and boundary condi-  
t i o n s  c a r d .  
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4.15 .4 .2 .6  Node Geometry Only 

When t h i s  op t ion  i s  s e l e c t e d  by t h e  u s e r ,  t h e  pragram w i l l  
fo l low t h e  same procedures  a s  d e s c r i b e d  f o r  t h e  i n p u t  o f  geom- 
e t r y  and boundary c o n d i t i o n  d a t a  but  w i t h  two excep t ions .  The 
program should n o t  r e q u e s t  t h e  u s e r  t o  supply  t h e  boundary con-  
d i t i o n s ,  and t h e  f i e l d s  (columns 5 4  through 59)  should  be l e f t  
b lank .  Also ,  t h e  d a t a  s e t  should  be preceded by a LABEL(2) 
c a r d ,  where 

NAMEA - name f o r  t h e  geometry pseudomatrix 

NAMEB - blank  

4 . 1 5 . 4 . 2 . 7  Boundary Condi t ions  Only 

A l l  of  t h e  d a t a  f o r  t h i s  d a t a  se t  w i l l  be inpu t  by t h e  u s e r  
through t h e  remote t e rmina l .  The boundary c o n d i t i o n s  w i l l  be 
s p e c i f i e d  us ing  a s p e c i a l  condensed format ,  d e s c r i b e d  below, 
where t h e  " t y p i c a l "  nodal  deg rees  o f  freedom w i l l  be i n d i c a t e d  
and a l l  excep t ions  w i l l  be s p e c i f i e d .  (Refer  t o  page 4-139 
f o r  an a l t e r n a t e  method o f  i n p u t t i n g  boundary c o n d i t i o n s . )  The 
d a t a  w i l l  be preceded by a LABEL(7),NAMEA c a r d ,  where NAMEA i s  
t h e  name o f  t h e  boundary c o n d i t i o n  pseudomatr ix .  The f i r s t  
c a r d  w i l l  i n d i c a t e  t h e  staridard degcees of  freedom. Columns 1 
through 6 w i l l  c o n t a i n  0 ,  1, o r  2 c , , r respondjng t o  t h e  s i x  
deg rees  o f  freedom - A X ,  A Y ,  A Z ,  O X ,  0Y, and 0 Z .  Columns 7 
through 1 0  w i l l  c o n t a i n  t h e  t o t a l  number of  nodes i n  t h e  s t r u c -  
t u r e .  T h e  fo l lowing  i s  an example o f  t h e  f i r s t  ca rd :  

,- 

bhcre  the s t a n d a r d  degrees  o f  freedom a r e  
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ex - 0 

ASC 

0Y - 0 

ASS 1.K PR D MI 

0 z  - 0 

and t h e  number of nodes i s  324. The remaining d a t a  car& w i l l  
i n d i c a t e  deg rees  of freedom t h a t  are e x c e p t i o n s  t o  t h e  s t a n d a r d .  
Twelve f i e l d s  ( s t a r t i n g  i n  column 11)  o f  an I S  format  can be  
used t o  r e c o r d  t h i s  i n fo rma t ion ,  w i t h  a minus s i g n  i n d i c a t i n g  
" through.  For examplz: 

1 2 3 4 5 6 7 - 1 0  1 1 - 1 5  1 6 - 2 0  2 1 - 2 5  2 6 - 3 0  3 1 - 3 5  3 6 - 4 0  4 1 - 4 5  4 6 - 5 0  5 1 - 5 5  5 6 - 6 0  6 1 - 6 5  6 6 - ' 0  

Nodes 5, 8 ,  30  th rough 36, and 80 have degrees  cf freedom 1, 1, 
2 ,  0 ,  0 ,  and 0 .  A b lank  f i e l d  w i t h i n  t h e  twelve I S - f i e l d s  w i l l  
cause  t h e  remaining f i e l d s  cf t h e  c a r d  t o  be ignored .  When u s i n g  
t h i s  fo rma t ,  a l l  t h e  nodes must appear  i n  t h e  geometry d a t a  i n  
c o n s e c u t i v e  o r d e r  w i t h  no node numbers sk ipped .  

I 

~ 

4.15 .3 .2 .8  M a t e r i a l  P r o p e r t i e s  Update 

The program ASOP w i l l  have a l i m i t e d  number o f  s t a n d a r d  mater ia ls  
t h a t  can be i n c o r p o r a t e d  under  s p e c i f i c  m a t e r i a l  codes  ( s e e  
t a b l e  4 . 1 5 - 1 ) .  I f  t h e  u s e r  does n o t  f i n d  t h e  a p p r c p r i a t e  
m a t e r i a l  i n  t h e  t a b l e  o f  s t a n d a r d s  o r  i f  he  wishes  t o  i n p u t  
s t a n d a r d  minimum and niaximum s izes ,  he can s e t  up h i s  UrJn 
m a t e r i a l  codes and a s s o c i a t e d  material  t a b l e s .  T h i s  can  be  
done by p l a c i n g  a m a t e r i a l s  d a t a  se t  i n  t h e  runs t ream.  The 
u s e r  w i l l  f i r s t  i d e n t i f y  a Model M a t e r i a l  F i l e  and s p e c i f y  t h e  
m a t e r i a l s  t o  be used .  The f u n c t i o n  w i l l  r ead  t h e  f i l e  and con-  
s t r u c t  images of  s t a n d a r d  m a t e r i a l  c a r d s .  For each  mater ia l ,  
two c a r d s  a r e  r e q u i r e d  a s  f o l l o w s :  

1 0 - H  9.lb 1 7 - 2 4  25-32 33-40 4 1 - 4 8  49-56 57-72 '3 8 0  

4 - 1 4 2  



where 

blC - m a t c r i a l  code always g r c a t c r  t h a n  3 ( 1 3  Cormat) 

AST - a l l o w a b l e  s t r e s s  t e n s i o n  ( E 8 . 0  f9rmat )  

ASC - a l lowab le  s t r e s s  compression (E8.0 format )  

ASS - a l lowzb le  s t ress  shear  (E8.0 format )  

EM - e l a s t i c  modulus (E8.G format )  

PR - P o i s s o n ' s  r a t i o  ( E 8 . 0  format )  

1) - -  d e n s i t y  ( E d .  0 format )  

MI - material  i d e n t i t y  (A15 fo rma t )  

where 

MCH - Jca t e r i a l  code p l L . ,  100 ( I 3  fo rma t )  

>INS1 - minimum s i z e  (E8.0 format )  

blXS' - maximum s i z e  (E8.0 format )  

A v a l u e  f o r  each of t h e  p h y s i c a l  p r o p e r t i e s  must be inc luded  
when i n p u t t i n g  a m a t e r i a l  d a t a  s e t .  T h i s  d a t a  se t  w i l l  be  p r e -  
ceded by a LABEL(4) c a r d  and w i l i  be fol lowed by a blank c a r d .  
I f  t h i s  d a t a  s e t  i s  u s e d ,  i t  must precede  t h e  L A B E L ( 5 )  member 
d a t a .  

: t . l t  4 . 2 . 9  Member Data 

c inber (e lement )  d a t a ,  which shou ld  apoea r  immediately 
fo l lowing  t h e  l o a d  d a t a ,  w i l l  be  preceded by a LABEL(51,NAMFA 
c a r d ,  wilere NAMEA i s  any e i g h t - c h a r a c t e r  a lphanumeric  name t h e  
user wishes t o  a s s i g n  t o  t h i s  blt3ck o f  d a t a .  The t y p z s  of  

. , . 7 ~  

- --"-7- -T. 
o r  c r o s s - s e c t i o n a l  a r e a .  Minimmi s i z e  should never  be 0 . 0 .  

Yin i rnum and maximum s i z e  w i l l  us l la l ly  deno te  t h e  t h i c k n e s s  
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s t r u c t u r e  can vary  from t r u s s e s ,  which c o n t a i n  b a r  e lements  t h a t  
ccnnec t  2 e lements  and have 1 e l a s t i c  c o n s t a n t ,  t o  a n i s o t r o p i c  
s a l i d s  t h a t  have members which connec t  8 nodes and c o n t a i n  
2 1  e l a s t i c  c o n s t a n t s .  Geometric p r o p e r t i e s  can va ry  from one 
f o r  a b a r  t o  f i v e  f o r  a beam. The o n l y  r e s t r i i t i o n  w i l l  be  when 
t h e  model i n c i u d e s  b a r  e lements  a d j a c e n t  t o  membrane elements; 
t h e  Ilatz c a r ,  f o r  snv  such  b a r  e lement  must n o t  prs:ede t h e  d a t a  
c a r d s  f o r  t h e  a d j a c e n t  membralie e lements .  

The member d a t h  will b e  divicied i n t o  f i v e  b a s i c  d a t a  classes,  
which i n  t u r n  w i l l  be  f u r t h e r  subdiv ided  i n t o  s u b c l a s s e s .  The 
b a s i c  d a t a  classes w i l i  be: 

Data Class Des c r  i p t  i 3n 

1 Topolog;. ,nd geomet r i c  P r o p e r t i e s  
2 E las t ic  propertA9s 
3 ?;qerveci f o r  f u t u r e  u s e  
4 Reserved f o r  f u t u r e  u s e  
5 Allowable stresses and p r e s c r i b e d  s izes  

Cdta w i l l  be i d e n t i f i e d  as  be longing  t o  a s p e c i f i c  d a t a  c lass  by 
; l a c i n g  a d i g i t  from 1 tc;  5 i n  column 15  o f  t h e  member d a t a  c a r d  
irnages. The s u b c l a s s e s  w i i l  be  used t o  iden t iA-y  t y p e s  o f  d a t a  
con ta ined  cn a member (element)  c a r d .  The s u b c l a s s  w i l l  b e  
p l a c e d  i n  c3lumn 16. The member d a t a  c a r d  format  i s  g iven  i n  
f i g u r e  4.15-4.  

T h e  f i v e  d a t a  c l a s s e s  w i l l  b e  d i v i d e d  i n t o  items accord ing  t o  t h e  
fo l lowing  l i s t s .  The item number l o c a t i o n  oil t h e  j.nput form i s  
shown ;n f i g u r e  4 .15-e .  The numbers shown i n  columns 15 and 15 
i;i f i g u r e  4 . 1 5 - 4  a r e  a c t u a l  d a t a  c lass  and s u b c l a s s  nvimbers. 
The member number (item 1 i n  t h e  fo l lnwing  l i s t s )  uust 3 e  p laced  
on every c a r 2  inad : .  
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TOPOLOGY AND GEOMETRIC PROPERTIES - DATA CLASS 1 

Item 

1 

2 

3 

4 

5 

6 -  25 

?6-35 

Item 

3 6 - 6 C  

D e s c r i p t i o n  

Menber (e lement)  number. (I4 format)  

Plember type.  (See F i n i t e  Element Ca ta log ,  sec- 
t i o n  4.15.4.2.10.) 

Ma te r i a l  c3de w i l l  i n d i c a t e  t h e  type  of m a t e r i a l  and 
i t s  p r o p e r t i e s .  The ASOP program w i l l  have b u i l t - i n  
s t a n d a r d s ;  however, t h e  u s e r  can s p e c i f y  h i s  own 

m a t e r i a l  p r o p e r t i e s  by i n p u t t i n g  a d a t a  se t  of m a t e r i a l  
p r o p e r t i e s .  (See LABEL(4) d a t a . )  

Not used.  

Cons t ruc t ion  code w i l l  be used t o  se lec t  s t ab i1 ; ty  
t a b l e s  f o r  t h e  member. (See S t a b i l i t y  Tab le s ,  sec- 
t i o n  4.15.4.) 

A maximum of 20 nodes p e r  e lement .  This  w i l l  be t h e  
t .3pologica l  d a t a  which w i l l  i n d i c a t e  t h e  nodes t h a t  
a p a r t i c u l a r  member connec ts .  c i i i teger  numbers) 

Geometric p r o p e r t i e s  of t h e  member ( t h i c k n e s s ,  a r e a ,  
momept of i n e r t i a ,  e t c . ) .  D e t a i l s  o f  t h e s e  p r o p e i t i e s  
can be found i n  t h e  F i n i t e  Element Catalog.  ( rea l  
nunib e r s ) 

ELASTIC PROPERTIES - DATA CLASS 2 

Desc r ip t ion  - 
'r'hcse f a c t o r s  w i l l  L e  used t o  i n d i c a t e  t h e  e l a s t i c  
c o n s t a n t s .  ( r e a l  numbers) 
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DATA FOR FUTURE USE - DATA CLASSES 3 AND 4 

Item D e s c r i p t i o n  

61-.80 These items w i l l  be r e s e r v e d  f o r  p o s s i b l e  expansion 
of ASOP a p a b i l i t i e s  *qd w i l l  n o t  b e  used a t  t h i s  time. 

ALLOWABLE STRESSES AND PRESCRIBED SIZES - DATA CLASS 5 

Item D e s c r i p t i o n  

31-85 The first t h r e e  items w i l l  c o n t a i n  t h e  t e n s i o n ,  compres- 
s i o n ,  and s h e a r  a l lowab le  stresses f o r  t h e  member. As 
can be seen  from f i g u r e  4.15-4, t hey  w i l l  b e  e n t e r e d  
on t h e  ca rd  f o r  5 - 1  ( c l a s s  5, s u b c l a s s  1). The l a s t  
two items on t h e  5 - 1  c a r d  w i l l  be r e s e r v e d  f o r  minimum 
and maximum sizes. ( f l o a t i n g  p o i n t  numbers) 

86-30 These items, e n t e r e d  on t h e  5 - 2  c a r d ,  w i l l  be f a r  t h e  
composite layup and, when e n t e r e d ,  w i l l  serwe t o  e s t a b -  
l i s h  t h a t  t h e  member is o f  lamina ted  composl te  c o n s t r u c -  
t i o n .  Because t h e r e  w i l l  be  n i n e  q u a n t i t i e s  t 3  be  
e n t e r e l ,  t h e  space  a l l o c a t e d  t o  each item w i i l  be  s p l i t  
i n  h a l f .  S t a r t i n g  w i t h  t h e  second h a l f  of item 86, 
t h e  following q u a n t i t i e s  w i l l  be e n t e r e d :  1, m, R, 
' m i 3 0  mmin. nmin, lmax, mmax* and n,,,, where t h e  f irst  
t h r e e  qre s t a r t i n g  v a l u e s  of t h e  number o f  O o ,  90°, and 
+45O l a y e r s ,  r e s p e c t i v e l y ,  and t h e  o t h e r  q u a n t i t i e s  
a r e  p r e s e n t  minimvm and maximum v a l u e s  o f  t h e s e  l a y e r s .  
The q u a n t i t i e s  i n  items 86 through 90 a r e  a l l  i n t e g e r s .  

The d a t a  used t o  c o n s t r u c t  t h i s  d a t a  set (member d a t a )  w i l l  be 
obta ined  from h e r  t h e  User Model F i l e  o r  from t h e  u s e r  v i a  t h e  
remote te rn , ina l  keyboard. The element d e s c r i p t i o n s  on t h e  User 
Model F i l e  will be c o n s t r u c t e J  i n  a way t o  f i t  t h e  needs of  
KlSTRAN. This f u n c t i o n  of ISAS should  c o n s t r u c t  images o f  ASOP 
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element cards. The format of these cards is described in 
the Finite Element Catalog section of this document. 
exception, each NASTRAN element type will have a unique cor- 
responding ASOP element type. 
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. 

With one 

The TUBE element type can be con- 

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 accordr-ce with 
figure 4.15-4. 
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 fo1lowir.g pages. Only 
topology, elastic property information, and stress output are 
shown. 

The material code must be provided and may be 

Special care should be exercised in entering the angle B , 
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 (MBSTRAM - CONROD, CROD) 

INPUT 

Uote: 
E - modulus of e l a s t i c i t y  
*Thio card will be needed on'! whan overriding prograr- 
stored properties. 
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4.15.4.2.10.2 ELEMENT 2:  ]BEAM ELEMENT (MASTRAN - CBAR) 
- - .__ 

t k 

Nodes i, j ,  and k will determine reference plane R. 
orientation of yL, tL axes uith respect to reference plane R. 

Angle B will determine 

For the offset beam, nodes i and j rill be the structural connection nodes and 
nodes L and m will be <he beam centroid nodes. 
ta t ion  of the beam. 

Node k will deternine the orien- 

INPUT 

Note: 
B - is in degrees 
J - effective polar moment of inertia 
E - modulus of elasticity 
*This card will be needed only uhev overriding progras- 
stored properties. 
+This card will be ueeded only when Using induced offsets. 
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4 . 1  S. 4 . 2 . 1 0 . 3  ELEMENT 4 : TRIANGULAR M W R A N E  ELEMENT (NASTRAN - 
CTRMEM) 

k 

The local axes will be xL and yL. 
Nodes will be numbered in counterclockwise fashion. 

The local property axes will be x and yp. P 

inr6i 

Isotropic end Orthotropic 

Anisotropic 

Note : 
t - tf..ikness of element 
0 - given in degrees 
Elastic factors (All’etc.) will be ele8ents of stress-strain 
law : 

‘This card will be needed only when overriding progrea- 
stored properties. 
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4.15.4.2.10.4 ELEMENT 5: QUADRILATERAL MEMBRANE ELEMENT 
(NASTRAN -' CQDMEM , CQDMEM1) 

Element 5 will he coaposed of four triangular elements. The local axes will bc 

P' xL and yk. The local property axes will be x and y P 

INPUT 
Isotropic and Orthotropic 

Ani s o t  ron ic 

Note: 
t - thrckmss of clemcnt 
8 - Riven in degrees 
Elastic factors (Al1. etc.) will be elements o f  stress-strain 
law: 

*This card will be needed only when overriding program-stored 
properties. 
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4 . 1 5 . 4 . 2 . 1 0 . 5  ELEMENT 6:  QUADRALITERAL SHEAR PANEL 
(NASTRAN - CSHEAR) 

Pane1 can be warped o r  planar .  

INPUT 

Note: 
t - thickness  of panel 
E - modulus of  e l a s t i c i t y  
G - shear modulus 
Nates in. n. 0 ,  end p w i l l  h c  optional (data card 1 2 ) .  They 
w i l l  be used t o  specify thc d i rec t ions  of t h e  "kick" forces. 
When nodos m.  n. 0 .  and p a r c  sprc i f ied . the  dire(- t ion o f  t he  
"kick" forccs wi l l  h e  from i t o  m ,  from J t o  v i ,  from r t o  0 .  
a i d  from L t o  p. When thcac nodcs are nor spec i f ied  Icard 12 
1 %  I r f t  out , .  t he  d i rec t ion  o f  t he  "kick" Corres w i l l  h r  
pcrpcndicular t o  the  two cidjacent bides e t  a node and i t s  
sense i s  a s  shown above. 
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4.15.4.2.10.6 
CQDMEM2) 

C 
*d a 
Y u l  

at 
0. 
xul 
I - @  m u  Q U I  

1 - 5 . k . d  . r ) b  u ~ H N . c ) - ~  
u v u b  C Y  .4 
an a t a t e a u m u u o u c  
a ~ i i u w m c ~ r n w u u a  u a  Q O ~ O O ~ ~ O O O O  r z ~ ~ u u u ~ n m z ~ + z  

No. 8 1 1  i j k  L 
No. 1 2  m n o  p 

m u a  .I- 

ELEMENT 8: WARPED QUADRILATERAL (NASTRAN - 

k 3  

- ~ n s m  
C L C C s. 
0 0 0 0 0  
u e u e Y 
u u u u u 
II Q m ta Q u. u. u. u y. 

t 3 

f4  ' 
I 
bn 

Anisotropic 

Note: 
Nodes m ,  n .  0 ,  p wil l  he optional (data card 12). They wi l l  
be used t o  rpccify tlrr di rec t ions  of the "kick" forces .  I f  
data c r rd  12 is l c f t  o u t ,  di rec t ion  of "kick" forces  w i l l  bc 
perpendicular t o  adjacent s ides  a t  node and i n  the d i rec t ions  
qhown in the figrlre. 
t - thickness o f  element 
8 - angle between property axes and s ide  i - j ;  given i n  degrees. 
E las t ic  f a c t o r s  (AI l .c tc . )  wi l l  be elements o f  s t r e s s - s t r a i n  
law: 

O X  A12 A l f  L x  

Y - *21 A 2 2  5 s  c y  

X Y  A S 2  "s y x y  1 

'Thio card wi l l  he needed only when overriding program-stored 
' -opert ies. 
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4 . 1 5 . 4 . 2 . 1 0 . 7  ELEMENT 11: BEAM ELEMENT (NASTRAN - CBAR) 

t k 

llingr wi l l  exist  a t  node j on z L  a x i s .  
rcfrrence plane R .  
respect t o  refercnce plane R .  

Nodes i, j ,  and k w i l l  determine 
Angle 6 w i l l  determine orientation of y t  and t L  axes with 

INPUT 

Note: 
B - Riven i n  degices 
.I - cfrcct ivc polar moment o f  Inertia 
t! - nodulus of  c l a s t l c l t y  
'Thi$ card w i l l  he needed only when overriding program-storcd 
properties. 
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4 . 1 5 . 4 . 2 . 1 0 . 8  ELENENT 15:  TRIANGULAR BENDING ELEMENT (NASTRAN - 
CTRPLT) 

k 

Nodes will be numbered in counterclockrise fashion. The local axes will be 
xp and yg. The local property axes will be xp and yp. 

INP'JT 
lsotronic and Orthotropic 

Note: 
t - thickness oi element 
6 - given in degrees (positive direction will be clockwise 

Elastic factors (All,etc.) will be elements o f  stress-strain 
law: 

measuring from i-j line) 

"This card will be needed only when overriding proRren. 
stored properties. 
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4 . 1 5 . 4 . 2 . 1 0 . 9  ELEMENT 16: QUADRILATERAL BENDING ELEMENT 
(NASTRAN - CQDPLT) 

E1ea;nt 16 will be composed of four triangular elenents. 
xe and yE. 

The local axes will he 
The local property axes will be xp and yp. 

AnisotroDic 

Note: 
t - thickness of element . 
6 - given i,i degrees 
Elastic factors (Al1. etc.) w i l l  be elements of stress-strain 
law: 

"This card will be needed only when overriding nrogrsm-stored 
properties. 
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4 . 1 5 . 4 . 2 . 1 0 . 1 0  ELEMENT 1 7 :  TRIANGULAR MEMBRANE AND BENDING 
ELEMENT (NASTRAN - CTRIA1,  CTRIAZ). The i n p u t  format  f o r  e lement  
Lype 17 w i l l  be t h e  same as f o r  e1e;nent type  4 .  

4.15.4.2.10.11 ELEMENT 18: QUADRILATERAL MEMBRANE AND BENDING 
ELEMENT (NASTRAN - CQUAD1, CQUAD2). The i n p u l  format  f o r  e lement  
t ype  18 w i l l  b e  t h e  same as  f o r  element type  5 .  

- 

4.15.4.2.11 Load Data 

Th i s  d a t a  set  w i l l  f o l low t h e  one d e s c r i b e d  i n  t h e  Boundary Con- 
d i t i o n s  s e c t i o n  (LABEL(3), LABEL(4), o r  LABEL(7)). The f i r s t  
c a r d  w i l l  be a LABEL(6),NAME(M) c a r d ,  where NAME i s  an e i g h t -  
c h a r  
conc.l l ions (columns).  The c a r d  images c o n t a i n i n g  t h e  l o a d s  d a t a  
w i l l  f o l low t h e  LABEL c a r d .  Each o f  t h e s e  c a r d  images can  con- 
t a i n  one,  two, o r  t h r e e  load  v a l u e s .  It should  b e  n o t e d  t h a t  
on ly  nonzero v a l u e s  of t h e  l o a d s  can b e  i n p u t .  The format of 
t h e  l o a d s  c a r d  w i l l  be as f o l l o w s :  

e r  name of t h e  pseudomatr ix  and M is t h e  number of l o a d  

where 

NODE - g r i d  p o i n t  i d e n t i f i c a t i o n  nt;mber 

COMP 

COND -- column number 

- component (Fx, Fy' F,, Mx' My,  Mz) 

VAL1JE - l oad  v a l u e  ( f l o a t i n g  p o i n t )  

As w i t h  a11 c h t a  s e t s ,  a b1ar.k c a r d  w i l l  f o l low t h e  l a s t  ioad 
c a r d .  The d a t a  t o  be  p l a c e d  on t h e s e  c a r d  images w i l l  b e  
ob ta ined  from t h e  Model Loads F i l e  and manual i n iu t .  throiigh t h e  
remote t e r m i n a l .  



4 .15 .4 .2 .12  Condensed Boundary Conditions 

This  option is  t h e  same as t h a t  descr ibed i n  t h e  Boundary Condi- 
t i ons  Only sec t ion  (option 6). 

4.15.4. ' .  13 Deflect ion Constraints  

W f l e c t i o n  cons t r a in t  da ta  w i l l  be preceded by a LABEL(8) ,NAMEA 
card. Each da ta  card w i l l  contain t h e  m a x i m u m  and minimum values  
of AX,  A Y ,  and A Z  fo r  a p a r t i c u l a r  node and the  load cases  f o r  
which these cons t r a in t s  apply. Here "maximum and minimum" w i l l  
correspond t o  t h e  l a r z e s t  absolute  values of AX, AY, and A2 i n  t h e  
p o s i t i v e  and negat ive d i r ec t ions  of t h e  global coordinate  axes. 
The absolu te  values ( i .e. ,  no negat ive values) a r e  t o  be entered 
on the card.  The def l ec t ion  cons t r a in t s  l i s t e d  on any one card 
can apply t o  a maximum of 1 0  load cases ,  and t h e  cards must be  
arranged i n  ascending numerical o rder  of t h e  nedes. A l l  of t h e  
data  f o r  t h i s  da t a  set w i l l  be supplied by t h e  use r  v i a  t he  
remote terminal.  The de f l ec t ion  cons t r a in t s  d a t a  w i l l  be con- 
s t ruc t ed  i n  the following format. 

. .-. . . . . .- . 

1-4  5-b 7 - 1 4  1 5 - 2 2  i s - 2 4  25 -32  33 - IC  4 1 - 4 2  43-SO 51-58 S9-bO 61-60 

where 

NODE - g r i d  p o i n t  i d e n t i f i c a t i o n  number 

- r e a l  values f o r  maximum and minimum de f l ec t ion  'ma x *'m i n  
i n  X-direction 

- r e a l  values f o r  maximum and minimm de f l ec t ion  *'ma xAYm i n  
i n  Y-direct ion 

- r e a l  values f o r  maximum and minimum de f l ec t ion  * zmaxAZmin 
i n  2-d i rec t ion  

?,oad Cases - from 1 t o  10 load cases (I2 format) 
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4.15 .4 .2 .14  S t a b i l i t y  Tables  

For some s t r u c t u r a l  problems, d e s i g n  a l l o w a b l e  stresses may have 
t o  be  a l t e r e d  t o  p reven t  l o c a l  i n s t a b i l i t y  of various members. 
These a l l o w a b l e s  w i l l  u s u a l l y  be  f u n c t i o n s  of t h e  load  levels 
t o  which t h e  member h a s  been s u b j e c t e d  and w i l i  be  e n t e r e d  as 
tables .  S t a b i l i t y  t a b l e s  may be s u p p l i e d  for  t h e  s i z i n g  of 
element t ypes  1, 5 ,  6 ,  and 8 on ly .  The s t a b i l i t y  t a b l e  d a t a  
se t  w i l l  beg in  w i t h  t h e  LABEL(S),NAME c a r d .  
(maximum of  13) w i l l  f o l low t h i s  c a r d ,  and t h e  d a t a  set  w i l l  b e  
t e r q i n a t e d  by a b l ank  c a r d .  Each s t a b i l i t y  t a b l e  w i l l  contain 
a header  c a r d  s p e c i f y i n g  t h e  t a b l e  number ( ca rd  columns 9 t o  12 ,  
I4), t h e  number of v a l u e s  o f  t h e  a b s c i s s a  ( c a r d  columns 13 and 
1 4 ,  IZ), and t h e  number o f  cu rves  i n  t h e  t a b l e  ( ca rd  columns 1 5  
and 1 6 ,  1 2 ) .  ASOP w i l l  b e  l i m i t e d  t o  hand l ing  n i n e  a b s c i s s a s  
and n i n e  cu rves  p e r  t a b l e .  Following t h e  heade r  c a r d  w i l l  be 
a ca rd  s p e c i f y i n g  t h e  v a l u e s  o f  t h e  a b s c i s s a  € o r  which a l l o w a b l e  
s t r e s s e s  a r e  g iven .  This  d a t a  c a r d  w i l l  be  c o n s t r u c t e d  u s i n g  
t h e  fo l lowing  format .  

The s t a b i l i t y  t a b l e s  

I - i  8 - 1 4  lS-?1 2 2 - ' 8  2 9 - 5 5  3 6 - 4 2  43-19 5 0 - 5 6  57-63  64-70 7 1 - 7 2  1 3 - 8 0  

where 

-4 

I - sequcnce number (I2 format )  

t h r o u g h  Ag - v a l u e s  of  t h e  a b s c i s s a  ( r e a l  number, E7.0 format )  1 

Next,  t h e  va lue  of  t h e  second independent  v a r i a b l e  and c o r r e -  
sponding a l lowab le  stresses f o r  t h a t  v a r i a b l e  w i l l  be e n t e r e d ,  
onc per  ca rd .  T h i s  ca rd  image w i l l  b e  c o n s t r u c t e d  i n  t h e  f o l -  
low i r,p. fqrmat . 

I .  I N ; !  I $ . : !  :? :n 2 l ! -SS  i t ,  d ?  4 3 . 4 s  S U . S n  S 7 . 0 2  h4 .70  - 1 . 7 2  7 5 - 8 1 )  
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where 

Q - v a l u e  o f  t h e  second independent  v a r i a b l e  ( r e a l  
number, E7.0 format )  

S1 through Sg - va lues  o f  a l lowab le  stresses (real number, 
E7.0 format )  

I - sequence number ( I 2  *format) 

Each succeeding c a r d  (curve)  w i l l  b e  completed as d e f i n e d  by 
i t s  header  ca rd .  Another t a b l e  header  card w i l l  f o l low,  and 
t h e  p rocess  w i l l  c o n t i n u e  u n t i l  a b lank  c a r d  i n d i c a t e s  t h e  end 
o f  t h e  d a t a  se t .  A l l  o f  t h e  d a t a  r e q u i r e d  f o r  t h i s  d a t a  set  
w i l l  be s u p p i i e d  by t h e  user through t h e  remote t e r m i n a l .  

4.15.4.3 Output 

Output from t h i s  sub func t ion  w i l l  c o n s i s t  of  a Runstream Input  
F i l e  t o  be i n p u t  i n t o  ASOP. A t a b u l a t i o n  o f  t h e  c o n s t r u c t e d  
runstream is a l s o  r e q u i r e d .  The u s e r  must have t h e  c a p a b i l i t y  
t o  modify, d e l s t e ,  o r  add t o  any of  t h e  d a t a  d i s p l a y e d  i n  t h e  
t a b u l a t i o n .  The o u t p u t  f i l e  w i l l  c o n t a i n  c a r d  images o f  ASOP 
d a t a  c a r d s .  A d e t a i l e d  d e s c r i p t i o n  o f  t h e  f i l e  format  is con- 
t a i n e d  i n  t h e  appendix.  

This subfunc t ion  has  no requi rement  f o r  p l o t  o u t p u t .  

4-160 



2 .  A I R  FORCE PROGRAM 

6. ACOUSTIC FATIGUE 

F i g u r e  4.15-1. - Data flow diagram for I n t e r n a l  Loads 
and Dynamic C h a r a c t e r i s t i c s .  
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LINE 1111111122222222333333334444444455555555 
6666666677777777888888889999999900000000 

1 FORCE 

2 MOMENT 

3 FORCE 

4 MOMENT 

5 FORCE 

111 

111 

22 

222 

333 

111 
111 
111 
111 
11 1 
222 
11 1 
222 
111 
333 

1 222 111 

1 222 111 

2 222 22 

2 222 222 

3 222 333 

111 

111 

222 

222 

333 
ANY MODIFICATIONS OR DELETIONS Y OR N 

Figure 4.15-2. - Example tabulation of 
force and moment cards. 
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E L ( O ) ,  Flexible Support- 
Additional Stiffness 

LABEL(9) Stability Tables & 
Sp 1 ice Joint Tables 

Blank Card 

LABEL(8), Deflection 
Constraints 

Blank Card 

f LABEL (5) , Member Data 

(Blank Card 

f LABEL($) Material Properties 

f Blank Card 

{ LABEL(6), :.Jad Data 

or 
LABEL (1 1 
Geometry & 
Boundary I Conditions Zlank Card 

Boundary Condition 
Matrix 

Blank Card 

or 
LABEL (7) , 

Boundary 
Conditions 

( LABEL(Z), Geometry Matrix 

Allowable Stress 
Reduction Factors 

alank Card 

Properties; of Composite 
Materials 

Initialization Card 

F i g u r e  4.15-3. - Construction of  input deck. 
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4 . 1 6  LANDING FLIGHT CONDITIONS 

The requirement to provide support in this area W'S deleted by 
the  Structures Branch (ESZ). Figure 4.16-1 is a data flow 
diagram of the Landing Flight Conditions function. 

BASIC AERO- 
DYNAMIC 

BASE 
FF I C I ENT 
FILE 

NORMAL RATCH 
r------ 

REPORT FLIGHT 
CONDITIONS 

FILE 

Figure 4.16-1. - Data flow diagram for 
Landing Flight Conditions. 
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4 . 1 7  LIFTING SURFACE FLUTTER/UNSTEADY AERODYNAMIC FORCES 

The L i f t i n g  S u r f a c e  F l u t t e r / U n s t e a d y  Aerodynamic Forces f u n c t i o n  
i s  d i v i d e d  i n t o  two subsystems.  The f i r s t  subsystem i s  t h e  
Unsteady Aerodynamic ForcZs, which w i l l  g e n e r a t e  a d a t a  f i l e  f o r  
t h e  second subsystem, t h e  L i f t i n g  S u r f a c e  F l u t t e r .  F i g u r e  4 . 1 7 - 1  
i s  a d a t a  f low diagram of t h i s  f u n c t i o n .  

4 . 1 7 . 1  UNSTEADY AERODYNAMIC FORCES 

4 . 1 7 . 1 . 1  PurDose 

T h i s  subsystem i s  needed i n  o r d e r  t o  c rea te  t h e  Unsteady Aero- 
dynamic I n p u t  F i l e .  Th i s  f i l e  w i l l  c o n t a i n  a l l  t h e  d a t a  needed 
by a s e r i e s  of  b a t c h  programs t o  compute uns t eady  aerodynamic 
f o r c e s  and fo rcc  r p l a t e d  q u a n t i t i e s .  

Thesc d a t a  w i l l  be o u t p u t  by t h e  b a t c h  programs o n t o  t h e  Unsteady 
Aerodynamic Output F i l e .  This  subsystem w i l l  a l s o  produce t e r -  
rninai t a b u l a t i o n s  and g r a p h i c a l  d i s p l a y s  of  t h e  d a t a  c o n t a i n e d  on 
t h i s  o u t p u t  f i l e .  

These d a t a  a r e  a l s o  r e q u i r e d  as i n p u t  t o  s e v e r a l  o t h e r  ISAS func -  
t i o n s .  For t h i s  purpose ,  t h e  Unstcady Aerodynamic Forces  sub-  
system w i l l  r e f o r m a t  t h e  d a t a  t o  three w t p u t  f i l e s :  t h e  
Unsteady F l u t t e r  GeneralizLbd Forces  F i l e ,  t h e  Unsteady G u s t  
Gene ra l i zed  Forces  F i l e ,  and t h e  S t a t i c  Aerodynamic I n f l u e n c e  
C o e f f i c i e n t s  F i l e .  

4 . 1 ? . 1 . 2  Input  

‘The d a t a  f i l e s  r e q u i r e d  a s  i n p u t  t o  t h i s  subsystem w i l l  be  t h e  
Uscar  Modal F i l e  and t h e  S tandard  Atmosphere F i l e .  The d e s c r i p -  
t i o n s  of t h e s e  f i l e s  can  be found i n  t h e  appendix of t h i s  docu- 
ment. The u s e r  w i l l  have t h e  c a p a b i l i t y  t o  supplement or modify 
a n y  of  t h e  d a t a  o b t a i n e d  from t h e s c  f i l e s .  
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The u s c r  w i l l  a l s o  i n p u t  by c a r d s  o r  a t  t h e  remote t e rmina l  any 
informat ion  needed by t h i s  subsystem t o  produce t h e  d e s i r e d  
ou tpu t .  T h i s  i n fo rma t ion  w i l l  i nc lude :  

0 Contro l  g r i d  p o i n t s  

0 Mach number 

0 A l t i t u d e  

0 Se t  of reduced f r e q u e n c i e s  

0 Format I D  f o r  t a b u l a t i o n s  and g r a p h i c s  

4 . 1 7 . 1 . 3  P r o c e s s i n g  

The p rocess ing  t o  be performed by t h i s  subsystem w i l l  be  d iv ided  
i n t o  f o u r  s i ! t func t ions  which are: 

0 I n t e r p o l a t e  modal d a t a  t o  aerodynamic c o n t r o l  p o i n t s  

0 Form Unsteady Aerodynamic Input  F i l e  

0 Display  d a t a  from Unsteady Aerodynamic Output F i l e  

0 S e l e c t  and re format  o u t p u t  f i l e  

4 . 1 7 . 1 . 3 . 1  I n t e r p o l a t e  Modal Data t o  Aerodynamic Cc-~ t ro l .  P o i n t s  
(Subfunct ion 1) 

T h i s  sub func t ion  w i l l  i n t e r p o l a t e  t h e  normal mode d isp lacement  
d a t a  o b t a i n e d  from t h e  User Modal F i l e  t o  a s e t  o f  aerodynamic 
contra' p o i n t s .  The se t  of modes and g r i d  p o i n t s  t o  be  used in t h i s  
a n a l y s i s  w i l l  be s e l e c t e d  from t h e  User Modal F i l e .  
s e l e c t e d ,  t h e  modal f requency and modal d i sp lacement  d a t a  w i l l  
b e  r e t r i e v e d  from t h e  f i l e .  The aerodynamic c o n t r o l  p o i n t  num- 
bers and t h e i r  c o o r d i n a t e s  w i l l  be i n p u t  by c a r d s  o r  a t  t h e  
terminals. 

For each mode 

A three dimensional  i n t e r p o l a t i o n  r o u t i n e  w i l l  be used t o  i n t e r -  
p o l a t e  t h e  modal d i s p l a c t . a m t  d a t a  t o  t h e  aerodynamic c o n t r o l  
p o i n t s .  The i n t e r p o l a t e d  3dal d i sp lacement  d a t a  a long  w i t h  t h e  
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t h e  mode numbers, aerodynamic c o n t r o l  p o i n t s ,  and modal f r c -  
quencies  w i l l  be  ou tpu t  on t h e  I n t e r p o l a t e d  Cont ro l  Po in t  F i l e .  

4 .17.1.3.2 Form Unsteady Aerodynamic Inpu t  F i l e  (Subiirnc?ion 2 )  

This  s u b f u n c t i o n  w i l l  g e n e r a t e  t h e  Unsteady Aerodyaamic Inpu t  
F i l e  which w i l l  c o n t a i n  a l l  t h e  i n p u t  d a t a  neesed ~y ’he ser ies  
of ba tch  programs t o  compute uns teady  aerodynaw.ic fo rc td  ~ n d  
f o r c e  r e l a t e d  q u a n t i t i e s .  

Modal f r e q u e n c i e s  and modal d i sp lacement  d a t a  w i l l  be i n p u t  from 
t h e  I n t e r p o l a t e d  Cont ro l  P o i n t  F i l e .  Mach number, a l t i t u d e ,  ana 
a sct  of reduced f r e q u e n c i e s  w i l l  be inpu t  by c a r d s  o r  a t  t h c  
remote t e r m i n a l .  T h e  a l t i t u d e  w i l l  be  used t o  r e t r i e v e  a i r  dcn- 
s i t y  from t h e  S tandard  Atmosphere F i l e .  The u n i t s  of a i r  d e n s i t y  
on t h i s  f i l e  w i l l  be ki lograms p e r  c u b i c  meter. I f  d i f f e r e n t  
u n i t s  a r e  r e q u i r e d  by t h e  b a t c h  a n a l y s i s  programs, t h e  u s e r  can 
inpu t  t h e  u n i t s  d e s i r e d  and t h e  sub func t ion  w i l l  conve r t  a i r  
d e n s i t y  t o  t h e  d e s i r e d  u n i t s .  

A l l  of t h e s e  d a t a  can b e  t a b u l a t e d  f o r  u s e r  v e r i f i c a t i o n  and 
w i l l  be o u t p u t  on t h e  Unsteady Aerodynamic Input  F i l e .  Graph 
d i s p l a y s  of t h e  nlJdal d i sp lacement  d a t a  w i l l  be  r e q u i r e d .  

4 . 1 7 . 1 . 3 . 3  Disp lay  Data From Unsteady Aerodynamic g u t p u t  F i l e  
(Subfunct ion  3)  

‘ i n c  Unstcady Aerodynanic Output F i l e  w i l l  , o n t a i n  a l l  uns teady  
aerodynamic f o r c e s  and f o r c c  r e l a t e d  q u a n t i t i e s  o u t p u t  by t h e  
s e r i e s  of uns teady  aerodynamic b a t c h  programs. Th i s  sub func t ion  
w i l l  produce t a b u l a t i o n s  and g r a p h i c a l  ou tpu t  of t h e  d a t a  con- 
tained on  t h i s  f j l e .  

‘I‘iibuiations w i l l  c o n s i s t  of d i s p l a y i n g  both  t h e  r e a l  and imagi-  
n a r y  p a r t s  o f  t h e  fo l lowing  complex m a t r i c e s :  downwash d i s , : r i -  
h u t i o n ,  unsteady aerodyriamic i n f l u e n c e  c o e f f i c i e n t s ,  aerodynamic 
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p r e s s u r e  d i s t r i b u t i o n ,  and uns teady  aerodynamic g e n e r a l i z e d  
f o r c e s .  Tabu la t ions  w i l l  a l s o  be  r e q u i r e d  of t h e  a r e a  matr ix .  
Examples of t h e s e  t a b u l a t i o n s  are g iven  i n  f i g u r e s  4 . 1 7 - 2  t h r - u g h  
4.17-6. 

Graphica l  d i s p l a y s  co r , s i s t i ng  of planform p l o t s  and chordwise 
p l o t s  w i l l  b e  r e q u i r e d  f o r  t h e  downwash d i s t r i b u t i o n ,  t h e  a e r o -  
dynamic p r e s s u r e  d i s t r i b u t i o n ,  and t h e  unsteady aerodynamic 
g e n e r a l i z e d  f o r c e s .  For bo th  types  of p l o t ,  t h e  u s e r  w i l l  have 
t h e  o p t i o n  of s e l e c t i n g  t h e  c o o r d i n a t e  axis t a  be used i n  gener -  
a t i n g  each d i s p l a y .  The u s e r  w i l l  a l s o  have t h e  o p t i o n  of  d i s -  
p l ay ing  both  t h e  r e a l  and imaginary components cn t h e  same 
d i s p l a y  o r  on s e p a r a t e  d i s p l a y s .  An example o f  t h e  chordwise 
p l o t  i s  g iven  i n  f i g u r e  4 . i7 -7 .  

4.17.1.3.4 S e l e c t  and Reforrnat Output F i l e  (Subfunct ion 4) 

This  sub func t ion  w i l l  refoymat t h e  d a t a  from t h e  Unsteady Aero- 
dynamic Output F i l ,  t o  t h e  format t o  be used by o t h e r  ISAS func-  
t i o n s .  The u s e r  w i l l  se lec t  which of  t h e  t h r e e  o u t p u t  f i l e s  
(Unsteady F l u t t e r  Gcr . . ra l ized Forces  F i l e ,  Unsteadv Gust Gener- 
a l i z e d  ,rces F i l e ,  o r  S t a t i c  Aerodynamics I n f l u e n c e  C c e f f i c j e n t  
F i l e )  i s  t o  be  gene ra t ed .  A d e s c r i p t i o n  of t h e s e  f i l e s  i s  given 
i n  t h e  eppendix of t h i s  document. A f t e r  t h e  user  selects  t h e  
output  f i l e ,  t h i s  subfunct i0 , i  w i l l  a u t o m a t i c a l l y  reformat  t h e  
d a t a  t o  t h i s  f i l e .  

4 . 1 7 . 1 . 4  3 U t D U t  

Output fiom t h i s  subsystem w i l l  cons is t  of  t h e  fo l lowing  d a t a  
f i l a s :  

0 I n t c r p o l a t c d  ConY:rci Point Filc 

0 Unsteady Herodynamic inpu t  F i l e  

o Unsteady A dynamic Output F i l e  
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Unsteady F l u t t e r  Genera l ized  Forces  F i l e  

0 Unsteady Gust General ized Forces  F i l e  

0 S t a t i c  Aerodynamic I n f l u e n c e  C o e f f i c i e n t s  F i l e  

I .  d e s c r i p t i o n  of t h e s e  data f i l es  is  g iven  i n  t h e  appendix o f  
t h i s  document. 

In a d d i t i o n  t o  these f i l e s ,  t a b u l a t i o n s  and g r a p h i c a l  d i s p l a y s  
of t h e  d a t a  conta ined  on t h e s e  f i l e s  w i l l  be  o u t p u t .  
w i l l  be  t h e  same as d e s c r i b e d  i n  t h e  p reced ing  s e c t i o n s .  

Th i s  ou tpu t  

4 .17 .2  LIFTING SURFACE FLUTTER 

4 .17 .2 .1  Purpose 

The purpose of t h i s  subsystem i s  two-fold.  F i r s t  it w i l l  create 
an inpu t  f i l e  c o n t a i n i n g  a l l  necessa ry  d a t a  f o r  t h e  b a t c h  F l u t t e r  
S o l u t i o n  Program; t k e  o u t p u t  from t h i s  b a t c h  program w i l l  be  con- 
t a i n e d  on t h e  L i f t i n g  Sur face  F l u t t e r  Output F i l e .  

d i s p l a y s  of  
Secondly,  

t h i s  subsystem w i l l  produce t a b u l a t i o n s  
t h e  d a t a  con ta ined  oil t h i s  f i l e .  

and g r a p h i c a l  

4 . 1 7 . 2 . 2  Input  

i h e  d a t a  f i l e s  r equ i r ed  a s  i n p u t  t o  t h i  

e NASTRAN Output-2 F i l e  

subsystem ar 

0 ! h s t e s d y  F l u t t e r  Genera l ized  Forces  F i l e  

e User Modal F i l e  

e I n t e r p o l s t e 2  Control P o i n t  F i l e  

The d e s c r i p t i o n s  of  t h e s e  f i l e s  can be  found i n  t h e  appendix of 
t h i s  document. The u s e r  w i l l  have t h e  c a p a b i l i t y  t o  supplement 
or  modify any of t h e  d a t a  ob ta ined  from t h e s e  f i l e s .  Any add i -  
t i o n a l  d a t a  needed by t h i s  subsystem w i l l  b j  i n p u t  by c a r d s  o r  
a t  t h e  remote t e rmina l .  
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4.17.2.3 P r o c e s s i n g  

The p rocess ing  t o  be performed by t h i s  subsystem is  d i v i d e d  i n t o  
two s u b f u n c t i o n s ,  t h e  Form L i f t i n g  S u r f a c e  F l u t t e r  Input  F i l e  and 
t h e  Display Data from L i f t i n g  S u r f a c e  F l u t t e r  Output F i l e .  

4.17.2.3.1 Form L i f t i n g  Sur face  F l u t t e r  Inpu t  F i l e  (Sub- 
f u n c t i o n  1) 

T h i s  sub func t ion  w i l l  g e n e r a t e  t h e  L i f t i n g  S u r f a c e  F l u t t e r  Inpu t  
F i l e  which w i l l  c o n t a i n  a l l  t h e  i n p u t  d a t a  needed by t h e  b a t c h  
F l u t t e r  S o l u t i o n  Program. These i n p u t  d a t a  w i l l  b e  r e t r i e v e d  
from s e v e r a l  d i f f e r e n t  f i l es .  Mass d a t a  w i l l  b e  r e t r i e v e d  from 
t h e  User Modal F i l e .  S t i f f n e s s  d a t a  w i l l  b e  r e t r i e v e d  from t h e  
NASTRAN Output-2 F i l e .  The uns teady  g e n e r a l i z e d  f o r c e s  w i l l  be  
r e t r i e v e d  from t h e  Unsteady F l u t t e r  Genera l ized  Forces  F i l e .  
A f t e r  t h e s e  d a t a  have been r e t r i e v e d ,  t h e y  can be  t a b u l a t e d  f o r  
u s e r  1 - e r i f i c a t i o n .  They 
f a c e  F l u t t e r  Input  F i l e .  

4.17.2.3.2 Display Data 
(Subfunct ion 2 )  

w i l l  t h e n  b e  o u t p u t  on t h e  L i f t i n g  Sur -  
- 
j ;  
. I  

From L i f t i n g  Sur face  F l u t t e r  Output F i l e  

The L i f t i n g  Sur face  F l u t t e r  Output F i l e  w i l l  c o n t a i n  a l l  t h e  
f l u t t e r  s o l u t i o n  d a t a  o u t p u t  by t h e  b a t c h  F l u t t e r  S o l u t i o n  Pro-  
gram. T h i s  sub func t ion  w i l l  produce t a b u l a t i o n s  and g r a p h i c a l  
d i s p l a y s  of  t h e  d a t a  con ta ined  on t h i s  f i l e .  These d a t a  w i l l  
c o n s i s t  of f l u t t e r  s o l u t i o n  d a t a  and f l u t t e r  mode shape  d a t a .  
The f l u t t e r  s o l u t i o n  d a t a  w i l l  i n c l u d e  Mach number, a l t i t u d e ,  
f l u t t e r  v e l o c i t y ,  f l u t t e r  damping, f l u t t e r  f r equency ,  and reduced 
frequency and should be  t a b u l a t e d  accord ing  t o  t h e  format  g iven  
i n  f i g u r e  4.17-8.  The f l u t t e r  mode shape d a t a  w i l l  i n c l u d e  mode 
number, g r i d  p o i n t s ,  and modal d i sp lacement  and should  be t abu-  
l a t e d  accord ing  t o  t h e  format  g i v e n  i n  f i g u r e  4.17-9.  
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Five  g r a p h i c a l  d i s p l a y s  are r e q u i r e d  for  d a t a  con ta ined  on t h i s  
f i l e .  
f l u t t e r  damping f o r  a g iven  Mach number and a l t i t u d e .  
f l u t t e r  v e l o c i t y  w i l l  b e  a long  t h e  a b s c i s s a  and t h e  f l u t t e r  
damping along t h e  o r d i n a t e .  
s p e c i f y i n g  t h e  units t o  be used f o r  f l u t t e r  v e l o c i t y .  

Disp lay  1 w i l l  be  a p l o t  of f l u t t e r  v e l o c i t y  v e r s u s  
The 

The u s e r  w i l l  have t h e  o p t i o n  of 

Disp lay  2 w i l l  be  a p l o t  of f l u t t e r  v e l o c i t y  v e r s u s  f l u t t e r  fre- 
quency. 
and t h e  u s e r  w i l l  have t h e  o p t i o n  of s p e c i f y i n g  t h e  u n i t s  f o r  
bo th  t h e  v e l o c i t y  and frequency.  

The f l u t t e r  f requency  w i l l  be  a long  t h e  o r d i n a t e  axis, 

Display 3 w i l l  be a p l o t  of Mach number v e r s u s  dynamic p r e s s u r e .  
The Mach number w i l l  be  a long  t h e  a b s c i s s a  and dynamic p r e s s u r e  
along t h e  o r d i n a t e .  The f l i g h t  envelope and f l u t t e r  l i m i t  w i l l  
3 1 S O  be p l o t t e d  a long  t h e  o r d i n a t e .  The f l i g h t  envelope w i l l  b e  
inpu t  by t h e  u s e r .  The f l u t t e r  l i m i t  w i l l  be equal  t o  1.32 times 
t h e  f l i g h t  envelope.  Dynamic p r e s s u r e  w i l l  be  equa l  t o  one -ha l f  
t h e  a i r  d e n s i t y  times t h e  f l u t t e r  v e l o c i t y  squared.  The a i r  den- 
s i t y  w i l l  be  r e t r i e v e d  from t h e  L i f t i n g  Sur face  F l u t t e r  Output 
F i l e ,  and t h e  f l u t t e r  v e l o c i t y  w i l l  be  r e t r i e v e d  as fo l l aws .  
For each Mach number on t h e  f i l e ,  t h e  f l u t t e r  damping v a l u e  of 
zero w i l l  be  l o c a t e d .  A t  t h i s  p o i n t ,  t h e  f l u t t e r  v e l o c i t y  w i l l  
b e  r e t r i e v e d .  An example of t h i s  d i s p l a y  i s  g iven  i n  
f i g u r e  4 .17 -10 .  

Displays 4 and 5 w i l l  be  d i s p l a y s  of t h e  f l u t t e r  moae shapes .  
Display 4 w i l l  be a f i x e d  time p o i n t  p l o t  o f  t h e  f l u t t e r  modal 
deformat ion .  Disp lay  5 w i l l  be a s i n u s o i d a l  p l o t  o f  t h e  deforma- 
t i o n .  T h i s  p l o t  w i l l  be  t h e  same as t h a  modal movies r e q u i r e d  i n  
t h e  NASTRAN Pos tp rocess ing  f u n c t i o n .  
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4 .17 .2 .4  Output 

The o n l y  data f i l es  output by t h i s  subsystem w i l l  be t h e  L i f t i n g  
Surface Flutter  Input File and the L i f t ing  Surface Flut ter  Output 
F i l e .  Descriptions ob these  f i les  are given i n  the  appendix of 
t h i s  document. 
function are described in  d e t a i l  i n  the preceding discuss ion of  
t h e  processing required by each subfunction. 

The tabulations and graphical output from t h i s  
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UNSTEADY AERODYNAMIC FORCES 

I 

UIISTEADY 
A E R O D Y W I C  

0 ATMOSPHERE 

INTEBPOLATE 
GRID FOINTS 
To CDWTROL 

InTEU- e, 

1 UNSTEADY \ 
AERODYNAMIC 
COMPUTATIONAL 
PROCRAH 

FLllTTllR 
GENERAL1 21:O 

PORCtS 

UNSTF.AI)Y 
GIIST 

CI.NlRAI.1 ZED 
I: ORC E S 

Figure 4.17-1. - Data flow diagram f o r  L i f t i n g  Surface Flutter/ 
Unsteady Aerodynamic Forces. 
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LIFTING SURFACE FLUTTER 

LIFTING 
SURFACE 
FUltTER 

POLATED 
CONTROL 

Somrm 

LIFTING 
SURFACE 
FLUTTER 
OUTPUT 

C A M  OP 
TBRJIINAL PRRPAIE 

DATA FOR 
OUTPII r 

t ] !  

GRAPHIC 

Figure 4.17-1. - Data flow diagram f o r  Lifting Surface F l u t t e r /  
Unsteady Aerodynamic Forces (concluded). 
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DOWNWASH D I S T R I B U T I O N  

T I T L E  

MACH NO. A L T I T U D E  REDUCED FREQ. 

CONTROL P O I N T  DOWNWASH CONTROL P O I N T  DOWNWASH 
NUMBER REAL IMAGINARY NUMBER REAL IMAGINARY 

0 

0 0 

0 

0 0 

Figure 4.17-2. - Example of downwash distribution 
tabulation format. 
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UNSTEADY AERODYNAMIC INFLUENCE C O E F F I C I E N T S  

T I T L E  

MACH NO. A L T I T U D E  REDUCED FREQ.  

CONTROL P O I N T  COLUMN NUMBER 

CONTROL P O I N T  C O E F F I C I E N T  CONTROL P O I N T  C O E F F I C I E N T  
NUMBER REAL IMAGINARY NUMBER REAL IMAGINARY 

Figure 4 . 1 7 - 3 .  - Example o f  unsteady aerodynamic i n f l u e n c e  
c o e f f i c i e n t s  t a b u l a t i o n  format.  
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PRESSURE D I S T R I B U T I O N  

T I T L E  

MACH NO. A L T I T U D E  REDUCED FREQ. 

CONTROL P O I Y T  PRESSURE CONTROL P O I N T  PRESSURE 
NUMBER REAL IMAGINARY NUMP'P REAL IMAGINARY 

0 0 

0 

a 

Figure 4.17-4. - Example of pressure distribution 
tabulation format. 
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MACH NO. 

MODE NO. 

GENERALIZED FORCES 

T I T L E  - 

A L T I T U D E  REOUCED FREQ. 

CONTROL P O I N T  GEN. FORCE CONTROL P O I N T  GEN. FORCE 
NUMBER REAL IMAGINARY NUMB ER REAL IMAGINARY 

0 

0 

0 0 0 

Figure 4.17-5. - Example of generalized forces 
tabulation format. 

I 
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AREA MATRIX 

T I T L E  

MACH NO. AL T I T U 0  E REDUCED FREQ.  

CONTROL P O I N T  COLUMN NO. 

CONTROL P O I N T  FORCE MOMENT CONTROL P O I N T  FORCE MOMENT 
N U M B E R  TERM TERM NUMBER TERM TERM 

Figure 4 . 1 7 - 6 .  - Example o f  a rea  matrix tabulation format. 
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T I T L E  

MACH NO. - - A L T I T U D E  

V E L U C I T Y  DAMPING FREQUENCY REDUCED RECIPROCAL 
FREQUENCY REDUCED FREQUENCY 

Figure 4 . 1 7 - 8 .  - Format for t a b u l a t i o n  of  f l u t t e r  
s o l u t i o n  d a t a .  
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T I T L E  

MACH NO. -- FLUTTER VELOCITY 

REDUCED FREQ. FLUTTER DAMPING 
MOPE NO. 

A L T I T U D E  FLUTTER FREQ. -- 

GRID DISPLACEMENT G R I D  0 I S P L A C EM E ii T 
P O I N T  REAL IMAGINARY P O I N T  REAL IMAGINARY 

e e e e 

e e e e 

e e e e e e 

igurc 1.17-9. - Examgle of f l u t t e r  mode shape data.  
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4.18 LOAll COEFFICIENT GENERATOR 
~ 

4.18.1 PURPOSE 

T h i s  f u n c t i o n  w i l l  p rov ide  t h e  means of p r e p a r i n g  t h e  i n p u t  d a t a  
f o r  t h e  Load C o e f f i c i e n t  Genera tor  Program and execu t ing  a demand 
v e r s i o n  of t h i s  program t o  ou tpu t  t h e  Load C o e f f i c i e n t  Data F i l e .  
The u s e r  w i l l  be a i d e d  i n  t h i s  p r e p a r a t i o n  through menus, t a b u l a -  
t i o n s ,  g r a p h i c a l  d i s p l a y s ,  and d a t a  e d i t i n g  c a p a b i l i t i e s .  Th i s  
f u n c t i o n  w i l l  a l s o  a l low t h e  user t o  create and/or  edit FORTRAN 
NAMELIST i n p u t  fo r  a b a t c h  run.  The u s e r  w i l l  be  a b l e  t o  d e s i g -  
n a t e  t h e  names o f  i n p u t  and o u t p u t  f i l e s  and t o  s t a r t  t h e  b a t c h  
program wi thou t  e x i t i n g  ISAS. Figure  4.18-1 is a d a t a  f low d i a -  
gram of t h e  Load C o e f f i c i e n t  Genera tor  f u n c t i o n .  

4.18.2 INPUT 

The fo l lowing  f i l e s  may be r e q u i r e d  a s  i n p u t .  

User Model F i l e  

0 User Modal F i l e  

e Model Weight F i l e  

e Running Weight F i l e  

The Mass/Grid/Modal F i l e  w i l l  be c r e a t e d  and used i n  t h i s  func-  
t i o n  a s  d i scussed  i n  t h e  Load C o e < f i c i e n t  Demand C a l c u l a t i o n  
s e c t i o n .  A d d i t i o n a l l y ,  t h e  ba t ch  Load C o e f f i c i e n t  Genera tor  PTO-  
gram w i l l  r e q u i r e  a NAMELIST d a t a  f i l e  which w i l l  be c r e a t e d  and 
e d i t e d  i n  t h i s  f u n c t i o n .  

4.18.3 PROCESSING 

The use r  w i l l  have t h e  o p t i o n  of g e n e r a t i n g  t h e  Load C o e f f i c i e n t  
Data F i l e  e i t h e r  by s t a r t i n g  t h e  ba tch  Load C o e f f i c i e n t  Genera tor  
o r  c n t i r e l y  through a demand p rocess .  These two methods a r e  d i s -  
cussed s e p a r a t e l y .  
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4.18.3.1 

I f  t h e  user chooses  t h e  b a t c h  o p t i o n ,  he w i l l  have t h e  fo l lowing  
c a p a b i l i t i e s  f o r  p r e p a r i n g  and s t a r t i n g  t h e  b a t c h  run:  

P repa r ing  and Execut ing Batch Runs 

The u s e r  w i l l  be  a b l e  t o  create and e d i t  a card image NAME- 
LIST d a t a  f i l e  (or  update  a p r e v i o u s l y  c r e a t e d  one) f o r  i n p u t  
t o  t h e  b a t c h  program. 

The u s e r  w i l l  be  a b l e  t o  s p e c i f y  t h e  fo l lowing  program i n p u t  
by name: t h e  User Modal F i l e ,  t h e  User Model F i l e ,  and/or  
t h e  Model Weight F i l e .  

The u s e r  w i l l  be  a b l e  t o  spec i f t r  a mass s t o r a g e  f i l e  as t h e  
o u t p u t  Load C o e f f i c i e n t  Data F i l e .  

The u s e r  w i l l  be  a b l e  t o  s tar t  t h e  b a t c h  run  wi thou t  e x i t i n g  
I SAS . 

4.18.3.2 

I f  t h e  use1 chooses  t h e  demand o p t i o n ,  h e  w i l l  f i rst  be  asked i f  
t h e  model w i l l  be i n p u t  from :he User Modal Fi le .  If t h e  answer 
is y e s ,  t h e  User Modal F i l e  w i l l  b e  used t o  create  t h e  Mass/Grid/ 
Modal F i l e .  The u s e r  w i l l  i npu t  t h e  User Modal F i l e  name and a 
name f o r  t h e  Mass/Grid/Modal F i l e ,  which w i l l  be c r e a t e d  wi thout  
f u r t h e r  u s e r  i n t e r a c t i o n .  The User Modal F i l e  i s  assumed t o  con- 
t a i n  only one set  of modes. 

- Prepa r ing  and Execut ing Deltland Runs 

I f  t h e  model w i l l  .lot be inpu t  from t h e  User Modal F i l e ,  t h e  user 
w i l l  answer no and w i l l  c r e a t e  t h e  Mass/Grid/Modal F i l e  us ing  t h e  
fo l lowing  procedures .  The u s e r  w i l l  be asked i f  he  wishes  t o  
reduce t h e  g r i d  p o i n t  r e p r e s e n t a t i o n  of t h e  s u b s t r u c t u r e s  of t h e  
User Model F i l e .  I f  so ,  t h e  u s e r  w i l l  have t h e  fo l lowing  ups- 
b i l i t i e s  f o r  r e d e f i n i n g  t h e  g r i d  p o i n t  r e p r e s e n t a t i o n  of t h e  
s u b s t r u c t u r e s  : 

1. The u s e r  w i l l  be a b l e  t o  g r a p h i c a l l y  d i s p l a y  and r o t a t e  t h e  
model i n  o r d e r  t o  ensu re  i t s  accuracy  and make judgements on 
how t o  reduce i t  t o  a "beam modcl." 
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2 .  The use r  w i l l  b e  a b l e  t o  superimpose t h e  g r i d  p o i n t  number 
upon t h e  model gene ra t ed  by procedure  1. 

3. The c a p a b i l i t y  t o  d i s p l a y  ( i n  t a b u l a r  form) t h e  t h r e e -  

The u s e r  w i l l  be  a b l e  t o  d e f i n e  t h i s  set 
dimensional  c o o r d i n a t e s  o f  any s p e c i f i e d  g r i d  p o i n t  set w i l l  
be  provided.  
through t h e  keyboard o r  g r a p h i c a l  e n t r y .  

4. When t h e  u s e r  has  d e f i n e d  and approved t h e  set, t h e  p o i n t s  
w i l l  a u t o m a t i c a l l y  b e  d e f i n e d  as  new g r i d  p o i n t s ,  whose c o o r -  
d i n a t e s  and ID w i l l  be p u t  i n  e i t h e r  manual ly 'o r  g r a p h i c a l l y .  

Next, t h e  e f f e c t i v e  mass m a t r i x  w i l l  b e  c a l c u l a t e d  f o r  each new 
g r i d  p o i n t  a s  fo l lows :  

1. A geometry mat r ix  [GI w i l l  b e  developed f o r  each  p o i n t  i n  
each se t  r e l a t i v e  t o  t h e  new g r i d  p o i n t .  

0 0 

1 0 

0 1 

- A 2  A Y l O O  

0 - A X  0 1 0 

AX 0 0 9 l i  

where t h e  A v a l u e s  w i l l  be  t h e  l o c a t i o n s  of the p o i n t s  
r e l a t i v e  t o  t h e  r:ew g r i d  p o i n t .  

2 .  The o p e r a t i o n  [GIi [MIi [GI! w i l l  be  performed t o  
t ransform t h e  c o n t r i b u t i o n  of each  mass p o i n t  i n  t h e  s e t  t o  
o b t a i n  t h e  mass c o n t r i b u t i o b i  of each p o i n t  t o  t h e  new g r i d  
p o i n t .  ([MI w i l l  come from t h e  Model Weight F i l e . )  The 
r e s u l t i n g  m a t r i c e s  w i l l  be  summed a l g e b r a i c a l l y  f o r  each se t .  

A t  t h i s  p o i n t ,  a reduced model cn a new User Model F i l e  and Rn 
a s s o c i a t e d  mass m a t r i x  on a new Model Weight F i l e  should e x i s t .  



However, i f  t h e  Yodel Weight F i l e  is not  a v a i l a b l e ,  t h e  model 
w i l l  s imply be reduced by d e f i n i n g  t h e  new g r i d s  and t h e  asso- 

c i a t e d  sets t h a t  t h e y . r e p r e s e n t  and by r e t a i n i n g  on ly  t h e s e  new 

4.18.3.3 Running Weights 

2.13.3.3.1 Running Weights F i l e  

'This f i l e  is d e s c r i b e d  i n  d e t a i l  i n  the Model k e i g h t  F i l e  Gener- 
a t o r  s e c t i o n .  However, a b r i e f  d e s c r i p t i o n  h e r e  is . i e lpfu l .  
This  f i l e  w i l l  contain bo th  lumped and d i s t r i b u t e d  weight  d a t a  
a long  t h r e e  r e f e r e n c e  axes.  I t  is assumed f o r  l o a d s  c o e f f i c i e n t  
purposes  t h a t  t h e  r e f e r e n c e  axes w i l l  be  made t o  c o i n c i d e  w i t h  
t h o s e  used t o  calculate  loads .  I f  n o t ,  t h i s  must be c o r r e c t e d  
i n  t h e  Model Weight F i l e  Generator  f u n c t i o n  b e f o r e  c r e a t i n g  t h e  
f i l e .  The user w i l l  be cau t ioned  v i a  a message on t h e  screen 
t h a t  t h i s  f u n c t i o n  assumes t h a t  t h e  axes c o i n c i d e .  The fo l lowing  
is an example of what t h e  f i l e  might c o n t a i n  f o r  one axis. 

Y 
A B C D 

I 

G Y 
A B C D 

The weight d i s t r i b u t i o n  w i l l  be i d e n t i f i e d  comple te ly  on t h e  f i l e  
by t h e  Y-axis ;  p o i n t s  A ,  B,  C, and D ;  and t h e  running weights  
W1, W 2 ,  and W3 . The lumped weights  w i l l  be i d e n t i f i e d  by t h e i r  
magnitudes LW1, LW2, and LW3 and t h e i r  p o i n t s  of a p p l i c a t i o n  
X I ,  Y 1 ,  Z 1 '  e tc .  

4.18.3.3.2 Running Weights C a l c u l a t i o n  

The u s e r  w i l l  be asked i f  he  wishes t o  have t h e  loads  c o e f f i c i e n t s  
c a l c u l a t e d  from a Running Weight F i le .  I f  n o t ,  t h i s  s e c t i o n  i s  
skipped.  Otherwise ,  t h e  Running Height F i l e  w i l l  b e  used t o  
c r e a t e  a Model Weight F i l e  as fo l lows .  

4-189 



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. 

m e n  integrating the running weights, the user will have the 
option of including calculation of the mass moment of inertia. 
I f  he chooses t o  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 Z), 
the dimensions of a right circular cylinder will be defined. 
For example, when working on a distributed mass szgment 
along the X-axis, the distribution will look like 

I xi I *i+l 

2 

The  products of the integration will be a diagonal matrix 
for each segment defining the lumped weights and inertias. 



a. Distribution along X-axis (constant Y and Z) 

I I *1x 
I 

1 

Segment 1 
4 

m 
I 
I 

I 
I 

Segm'ent 2 
1 M3x 

Segment 3 

The integration will be done such that the masses are 
and mass 

moments of inertia are calculated at these points. 
%l lumped at the breakpoints X19 X2'  . m e  

The first step will be to calculate the mass of each 
segment: 

The masses are to be distributed at the breakpoints as 
f 0 1 lows : 

M1 Mx = M = M, at breakpoint 1 = Y 
(at coordinates XI, Y, 2)  

+ M2 Mx = M = M, at breakpoint 2 = Y 
(at coordinates X 2 ,  Y, 2)  

Mi-l Mi Mx = My = Mz at breakpoint i = '2 + 

(at coordinates X i #  Y, Z) 
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M1 
2- 

( a t  c o o r d i n a t e s  Xi + 1, Y, Z )  

Mx = My = MZ a t  l a s t  b r e a k p o i n t  i + 1 - 
The nex t  s t e p  w i l l  be  t o  c a l c u l a t e  t h e  moments of i n e r t i a  
f o r  one h a l f  o f  each  segment about  i ts  end p o i n t :  

MiRi 2 
I of 1 / 2  of segment i = 'F xx 

The d i s t r i b u t i o n  of Ixx a t  each  b r e a k p o i n t  w i l l  be:  

M l R I  Ixx a t  b r e a k p o i n t  1 = '4 

MZR; 
4 

Ixx a t  b r e a k p o i n t  2 = M l R I  + 

.- 

I. I 
R2 Mi Ri 2 

M i - 1  i-i 
7 I a t  b r e a k p o i n t  i = '4 + xx 

Mi-l R2 i-1 
Ixx a t  f i n a l  b reakpo in t  (i + 1) = -- 

I 
w i l l  be:  

and Izz o f  one  h a l f  of segment i a t  i t s  end p o i n t  YY 

There fo re  t h e  d i s t r i b u t i o n  of I 
p o i n t  w i l l  be :  

and Izz a t  each b reak -  YY 

a t  b reakpo in t  1 = I (' s eg  1) 
YY z I = Izz 

YY 
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IYY = I,, a t  breakpoint 2 = 

= Izz  a t  breakpoint i = I (L seg i-1) + I (L s e g  i )  I Y Y  YY 2 YY 2 

- - Izz  a t  l a s t  breakpoint i + 1 = I (' seg i )  
I Y Y  YY z 

The mass matr ix  f o r  each r e s u l t i n g  lumped mass w i l l  
be  a s  follows: 

I X X  

(The form of t h i s  matrix w i l l  n o t  change f o r  the  following 
two cases . )  

b. Dis t r ibu t ion  along Y-axis 

Similar  t o  the  X-axis case ,  the f i r s t  s t e p  w i l l  be t o  
c a l c u l a t e  the  mass of each segment: 
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The masses a r e  t o  b e  d i s t r i b u t e d  a t  t h e  b r e a k p o i n t s  as 
f 0 11 ows : 

I 

Mx = M = M, a t  b r e a k p o i n t  1 = M1 
Y 

(a t  c o o r d i n a t e s  X, Y1, 2) 

M1 M2 = E = MZ a t  b reakpo in t  2 = + 
X I 

(a t  c o o r d i n a t e s  X ,  Y z ,  2) 

M, = M = MZ a t  b reakpo in t  i - Mi-l '7 + Mi 
Y 

( a t  c o o r d i n a t e s  X, Yi,  2) 

Mi 
2- Mx = M = M, a t  l a s t  b reakpo in t  i + 1 = Y 

(at c o o r d i n a t e s  X, Y i + l ,  2; 

The nex t  s t e p  will be t o  c a l c u l a t e  t h e  moments of i n e r t i a  
f o r  one h a l f  of each segment about  i t s  end p o i n t :  

MiRi 2 
I of 1 / 2  segment i = '7 
YY 

There fo re ,  t h e  d i s t r i b u t i o n  of I a t  each  b reakpo in t  
w i l l  be: 

YY 

I a t  b reakpo in t  1 = M l R I  YY 
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M2R22 MIRl + 

2 
a t  b reakpo in t  2 = -r 

IYY 

M i  - 1'; - 1 M ~ R ;  
+T I a t  b reakpo in t  i = -4 

YY 

*i-l R2 i-1 
a t  l a s t  b reakpo in t  i + 1 = -a 

I Y Y  

and I,, o f  one h a l f  of segment i a t  i t s  end p o i n t  I X X  
w i l l  be: 

The re fo re ,  t h e  d i s t r i b u t i o n  of Ixx and IZz a t  each 
b reakpo in t  w i l l  be:  

- a t  b reakpo in t  1 = I x x ( i  s e g  1) . I X X  - I Z Z  

Ixx = I Z z  a t  b reakpo in t  2 = Ixx z s e g  1 
+ Ixx s e g  2 

( l  1 (l 1 
Ixx = I,, a t  b reakpo in t  i = Ixx($ seg i - 1) + I x x ( i  seg  i) 

Ixx = I z z  a t  l a s t  b reakpo in t  i + 1 = I x x ( i  seg i) 

c. D i s t r i b u t i o n  a long  Z-axis  

The procedure i s  i d e n t i c a l  t o  b excep t  t h a t  a l l  Y ' s  and 
2 ' s  should be in t e rchanged  i n  t h e  e q u a t i o n s .  
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2 .  Following a r e p l y  t o  t h e  q u e s t i o n  concerning mass 

Y' 
Ixx9 I yy,  and I,, 

moments of i n e r t i a ,  t h e  c a l c u l a t i o n  o f  M,, M and M, can  
proceed d i r e c t l y  as i n  procedure 1. 
b e  set  t o  ze ro  and t h e  matrix w i l l  be  s e t  up a s  b e f o r e  wi th  
t h e  lumped weight  i o c a t e d  t h e  same way as i n  procedure 1. 

w i l l  

After t h e s e  procedures  f o r  lumping t h e  weights  are completed,  
a menu w i l l  a sk  trie user t o  inpu t  a f a c t o r  t o  scale  masses 
and i n e r t i a s  w i t h  a d e f a u l t  va lue  o f  1 . 0 .  

4.18.3.4 Aass/Grid/Modal F i l e  Crea t ion  

A t  t h i s  p o i n t ,  d a t a  from t h e  Model Weight and User Model F i l e s  
* . r i l l  be r e f o r m a t t e d  i n t o  t h e  MasslGridjModal F i l e .  This  f i l e  
could a l s c  be a u t o m a t i c a l l y  c r e a t e d  from a User Modal F i l e  i n  t h e  
f i r s t  s t e p  o f  demand p rocess ing  i f  t h e  u s e r  s o  chooses .  In  t h i s  
ca se ,  t h e  modal por?.ion o f  t h e  Mass/Grid/Modal F i l e  nil1 have 
v a l i d  d a t a  e n t r i e s .  

The g r i d  I D ' S  from t h e  Model Weight F i l e  w i l l  be  s t o r e d  under 
t h e  names NODES (see f i l e  c o n t e n t s  page A - 1 1 5 ) .  The c o r r e -  
sponding X ,  Y ,  and Z c o o r d i n a t e s  from t h e  User Model F i l e  w i l l  
be s t o r e d  under t h e  name XYZ.  The node d e s c r i p t i o n  from t h e  User 
Model F i l e  w i l l  be  s t o r e d  under NAME. The I D X Y Z  a r r a y  w i l l  be 
c o n s t r u c t e d  s o  t h a t  i t  c o n s i s t s  of i n t e g e r s  whose l a s t  d i g i t  w i l l  
be from 1 t o  6,  i n d i c a t i n g  t h e  degree  of freedom r e p r e s e n t e d  by 
a nonzero column i n  t h e  a s s o c l d t e d  i n d i v i d u a l  mass matrix. The 
l ead ing  d i g i t s  w i l l  be t h e  same as  t h e  node number. 
a r r a y  w i l l  be i n  one- to-one  correspondence w i t h  t h e  nonzero 
columns i n  t h e  f u l l  mass ma t r ix  M which is  now d e s c r i b e d .  

The IDXYZ 

The f u l l  mass mat r ix  a r r a y  M w i l l  be se t  up as fo l lows .  The 
Model Weight F i l e  can be v i s u a l i z e d  as sets of 6 x 6 m a t r i c e s ,  
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me f o r  each node. To form M , t hey  w i l l  be a r renged  i n  t h e  
fo l lowing  manner: 

1 6 x 6 1  

6xNNODES 

- Last  
node 

(This ma t r ix  could de c o n s t r u c t e d  from a User Modal F i l e ,  i n  
which c a s e  t h e r e  might be o f f - d i a g o n a l  e lements . )  A t  t h i s  p o i n t ,  
t h e r e  w i l l  e x i s t  a f u l l  mass mat r ix  M , whose columns a r e  
i d e n t i f i e d  by d i s t i n c t  IDXYZ e lements  and whose dimensions a r e  
NDF x NDF , where NiIF i s  t h e  number of  degrees  of  freedom i n  
t h e  mass model. 

S ince  g r i d ,  mass, and modal d a t a  w i l l  b e  on d i f f e r e n t  sou rces  
( e i t h e r  User Model F i l e  and Model Weight F i l e  o r  User Modal F i l c ) ,  
they  should  be c o l l e c t e d  n q t o  one f i l e  t o  be used i n  computing 
loads  c o e f f i c i e n t s .  The f i l e  w i l l  c o n t a i n :  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

NNODES - Number of  node p o i n t s  i n  t h e  model. 

NDF - T o t a l  number of degrees  of freedom i n  t h e  model. 

TITLE - Desc r ip t ion  of model. 

hMODES - Number o f  modes copied from User Modal F i l e .  

NODES - E i t h e r  t h e  g r i d  p o i n t  number from t h e  User Model F i l e  
and a corresponding g r i d  I D  from t h e  Model Weight F i l e  o r  t h e  
NODEID from t h e  User Modal F i l c .  

NAME - Word d e s c r i p t i o n  of each node. 
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7 .  XYZ - The t h r e e  C a r t e s i a n  c o o r d i n a t e s  of each node o b t a i n e d  
from t h e  User Model F i l e  o r  from t h e  XMAT matrix on t h e  User 
Modal F i l e .  

8 .  IDXYZ - The ' egrees-of - f reedom I D  numbers f o r  each  degree  
of freedom. On t h e  User Modal F i l e ,  t h i s  i s  i d e n t i f i e d  a s  
I D X Y Z .  ( I t  must b e  set  up i n  t h e  C r e a t e  Vass/Grid/Modal 
F i l e  subfunc t ion  i f  t h e  sou rce  of t h e  mass d a t a  i s  t h e  
Model Weight F i l e . )  8 

9. M - F u l l  mass matrix r e t r i e v e d  from t h e  Model Weight F i l e  a s  
d i r e c t e d  i n  t h e  r e fo rma t  s u b f u n c t i o n  o r  from t h e  User Modbl 
F i l e .  

10 .  PHI - The modal q a t r i x  i d e n t i f i e d  as such on t h e  Yser Modal 
F i l e .  

4 .18.3.5 S e l e c t  and E d i t  Data Subfunct ioq  

T h i s  s u b f u n c t i o n  w i l l  e n a b l e  t h e  u s e r  t c  e d i t  on ly  t h e  hIass/Grid/ 
Modal F i l e  i n  o r d e r  t o  s p e c i f y  which d a t a  a r e  t o  .,e nsed t o  c a l -  
c u l a t e  t h e  l o a d s  c o e f f i c i e n t s .  The u s e r  w i l l  s cpp ly  ;he Mass/ 
Grid/Modal F i l e  ,.ame. Th i s  f i l e  w i l l  c o n t a i n  t h e  complcte  s e t  
of masses t o  b e  used i n  t h e  c a l c u l a t i o n s ,  t h e i r  r e s p e c t i v e  I D  
numbers, and t h e i r  C a r t e s i a n  c o o r d i n a t e s .  

In  e d i t i n g ,  t h e  d i s p l a y  f o r  each node w i l l  c o n s i s t  of t h e  node 
I D ,  C a r t e s i a n  c o o r d i n a t e s ,  node d e s c r i p t i o n ,  and a 5 x 6 mass 
m a t r i x .  The u s e r  w i l l  have t h e  o p t i o n  of e d i t i n g  t h e  c?ata s e r i -  
a l l y  o r  s p e c i f y i n g  a node ID. The u s e r  w i l l  be a b l e  t o  add,  
d e l e t e ,  o r  change any of t h e  fo rego ing  d a t a .  The u s e r  w i l l  a150 
have t h e  c a p a b i l i t y  of naminqr a b lank  f i l e  and i n 7 u t t i n g  t h e  
entire d a t a  s e t  manual ly ,  bu t  i n  g e n e r a l ,  t h e  i n i t i a l  d a t a  w i l l  
come e i t h e r  from t h e  User Model F i l e  and Model Weight  F i l e  o r  
from t h e  User Modal F i i e .  
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4.18.3.6 Load C o e f f i c i e n t  Demand C a l c u l a t i o n  

The f i r s t  s t e p  i n  t h i s  sub func t ion  w i l l  be  t o  g r a p h i c a l l y  d i s p l a y  
t h e  node p o i n t  model and permit  t h e  user t o  i n p u t  new s t a t i o n s  by 
s3ec i fy ing  t h e  coord ina te s .  
d a t a  are t o  be  inpu t  v i a  an e x t e r n a l  d a t a  e lement .  I f  so,  t h e  
use r  w i l l  supply t h e  name of t h e  element on f i l e .  
could inc lude  a l l  o r  p a r t  of  t h e  fo l lowing:  

Next, t h e  u s e r  w i l l  be  asked i f  any 

These d a t a  

1. 

2 .  

3. 

4. 

5 .  

6 .  

7 .  

8 .  

9 .  

10. 

This 

Coordinates  of t h e  s t a t i o n s  for  which load  c o e f f i c i e n t s  w i l l  
be genera ted  and t h e i r  v e h i c l e  component i d e n t i f i e r s .  

Data d e f i n i n g  which nodes are t o  be inc luded  i n  t h e  l o a d s  
c o e f f i c i e n t s  c a l c u l a t i o n s  f o r  each s t a t i o n  

Flags denot ing  symmetric and asymmetric modes 

A f l a g  t o  cause  a c a l c u l a t i o n  of t h e  c e n t e r  o f  g r a v i t y  
l o c a t  ion 

Coordinates  of t h e  r e f e r e n c e  p o i n t  

Coordinaces of t h e  fo rka rd  and a f t  f i t t i n g s  f o r  t h e  c a l c u l a -  
t i o n  of l i n k  load c o e f f i c i e n t s  

Data d e f i n i n g  t h e  node p o i n t s  t o  be used i n  c a l L u l a t i n g  l i n k  
load c o e f f i c i e n t s  

Data t o  group t'-e node p o i n t s  o f  major components which a r e  
t o  be l i nked  toge the r  v i a  t h e  l i n k  l o g i c  

Dsta s p e c i f y i n g  which modes are t o  be used i n  c a l c u l a t i n g  
loads c o e f f i c i e n t s  

Data spec i fy ing  a r i g i d  body d iagonal  macs matrix and c o r r e -  
s pon d i ng Cart  e s i an coo rd  i n  a t  e s 

subfunct ion will provide  t h e  c a p a b i l i t y  of l i s t i n g  and 
e d i t i n g  t h e  preceding d a t a .  
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Next, t h e  u s e r  w i l l  be  asked i f  any d a t a  are t o  be i n p u t  from 
t h e  terminal. If  so, t h e  c u r r e n t  c o o r d i n a t e s  and v e h i c l e  i d e n -  
t i f i e r s  f o r  t h e  l o a d  s t a t i o n s  ( i t e m  1 i n  t h e  p reced ing  l i s t )  
w i l l  be  d i s p l a y e d  and t h e  u s e r  w i l l  d e c i d e  t o  accept o r  change 
them. The u s e r  w i l l  a l s o  be a b l e  t o  add more load  s t a t i o n s  a t  
t h i s  time. 

The u s e r  w i l l  be  asked t o  i n p u t  d a t a  d e f i n i n g  which nodes a r e  
t o  be  inc luded  i n  c a l c u l a t i n g  load  c o e f f i c i e n t s  a t  each  s t a t i o n  
( i t e m  2 ) .  Corresponding t o  load  s t a t i o n  i t h e r e  should  be  an 
a r r a y  similar t o  t h e  fo l lowing :  

LDNODE(1 , i )  = NODESBEGIN1, NODESEND1, NODESBEGIN2, 

Each p a i r  o f  NODESBEGIN and NODESEND words w i l l  i n c l u d e  a l l  node 
po inzs  from NODESBEGIN t o  NODESEND i n  t h e  c a l c u l a t i c n s  f o r  l o a d  
s t a t i o n  i. The nodes w i l l  be r ead ,  w i thou t  changing t h e  o r d e r ,  
from t h e  NODEID a r r a y ,  which may no t  n e c e s s a r i l y  b e  i n  numer ica l  
o r d e r .  For example, i f  nodes 1, 1 7 ,  18 ,  2 2 ,  and 6 are t o  be  
inc luded  i n  t h e  c a l c u l a t i o n  of l o a d s  a t  s t a t i o n  3 and t h e  NODEIU 
a r r a y  i s  2 ,  1, 3 ,  1 7 ,  18 ,  2 2 ,  5 ,  6 ,  t hen  LDNODE (1,3)  should  b e  
1, 1, 1 7 ,  2 2 ,  6, 6. 

The menu f o r  i n p u t t i n g  t h e  LDNODE a r r a y  should  p r i n t  o u t  t h e  
c o o r d i n a t e s  of t h e  s t a t i o n ,  t h e  v e h i c l e  component, and t h e  beg in  
and epd node I D  p a i r s .  The menu should then  a l low f o r  a d d i t i o n s  
o r  m o d i f i c a t i o n s .  

A t  t h i s  time t h e  u s e r  must s p e c i f y  whether t h e  c u r r e n t  s e t  of 
nodes is symmetric,  asymmetric,  o r  complete .  The u s e r  w i l l  



ther, be asked whether or not the vehicle’s center of gravity is 
to be -9lculated. Next, the user will be given the coordinates 
of the r2ference point and the option to modify them. 
the coordinates of the three forward and three aft fittings 
will be displayed with the option to modify them. 
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 

Likewise, 

These coor- 

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 NOiIFIT(l,l)= NODESSEGIN1, NODESEND1, . . . NoDESBEGINNS 
NODESENDN , and for the left SRB-ET it will be NODFIT(1,2) = 

NODESBEGIN1, NODESEND1, NODESBEGINM, NODESENDM . The user 
will be able to accept, reject, modify, or add to these values 
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 i s  
being calculated for each load. Currently, seven chcices w i l l  
exist. 

1. Orbiter fuselage 

2 .  Left wing 

3.  Right wing 
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4.  Vertical t a i l  I 

5. E x t e r n a l  tank  

6. Left s o l i d  r o c k e t  

7.  Right  s o l i d  r o c k e t  

This n o t a t i o n  is f o r  conveniencc and . .  w i l l  be changeable  f o r  
o t h e r  c o n f i g u r a t i o n s .  The LOADID a r r a y  w i l l  b e  an a r r a y  of  
i n t e g e r s ,  one f o r  each  l o a d  s t a t i o n ,  e . g . ,  LOADID = 1, 1, 1, 
4 ,  4 ,  4 ,  2 ,  2 ,  3, 3, etc. The c u r r e n t  va lues  of t h e  LOMID 
a r r a y  w i l l  b e  d i s p l a y e d ,  and t h e  u s e r  w i l l  be a b l e  t o  a c c e p t ,  
modify, o r  add t o  them. 

The n e x t  set  
major comgr? which are l i n k e d  t o g e t h e r  v i a  the link l o g i c .  
The node poj w i l l  be grouped by hundreds;  fai- example, node 
ID'S 200 t o  294 .ill be i n  t h e  t h i r d  group. The major components 

motor ,  and e x t e r n a l  t ank .  A menu w i l l  d i s p l a y  t h e  components 
and t h e i r  groups of node ID'S and a l low t h e  u s e r  t o  a c c e p t  o r  
modify them. 

d a t a  w i l l  be used tc? group t h e  node p o i n t s  by 

w i l l  be  t h e  O r b i t e r ,  l e f t  s o l i d  r o c k e t  motor,  r i g h t  s o l i d  r o c k e t  I 

The nex t  s t e p  w i l l  s p e c i f y  what modes a r e  t o  be used i n  c a l c u -  
l a t i n g  t h e  l o a d s  c o e f f i c i e n t s .  This  sub func t ion  w i l l  be pro-  
grammed t o  a u t o m a t i c a l l y  bypass t h i s  s t e p  i f  there  a r e  no modes 
on t h e  Mass/Grid/Modal F i l e .  
t h a t  a l l  modes a r e  t o  be used;  he may i n d i v i d u a l l y  select  them o r  
he may use  t h e  f i r s t  N modes, where N is  i n p u t  by t h e  u s e r .  

The u s e r  w i l l  be  a b l e  t o  s p e c i f y  

4.18.3.7 Load C o e f f i c i e n t  Matr ix  C a l c u l a t i o n  

The fo l lowing  ma t r ix  c a l c u l a t i o n s  a r e  t o  be performed. T h e  f i r s t  
ma t r ix  t h a t  w i l l  be c a l c u l a t e d  i s  c a l l e d  t h e  geometry ( C )  m a t r i x .  
T h i s  m a t r i x ,  when m u l t i p l i e d  by t h e  r e f e r e n c e  p o i n t  a c c e l e r a t i o n ,  

- 
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w i l l  g i v e  t h e  a c c e l e r a t i o n  lor c n c h  deg rec  o f  freedom t h a t  cxists 
i n  t h e  model being  analyzed.  Thc G-matrix w i l l  have t h c  fo l lowing  
appearance: 

G =  

where 

- 
1 0 0 0 0 0  

0 1 0 0 0 0  

0 0 1 0 0 0  

1 0 0  0 %1 '1R 
'1R 0 'R1 o i o  
'R1 x?R 0 0 0 1  
- 

XIR = x1 - XR 

The numerical  s u b s c r i p t  deno tes  t h e  node number c o o r d i n a t e ,  and 
t h e  R deno tes  t h e  r e f e r e n c e  p o i n t  Coordina te .  The Y and 2 
s u b s c r i p t s  have similar d e f i n i t i o n s .  

The G-matrix w i l l  be  c o n s t r u c t e d  on ly  f o r  t h o s e  deg rees  of 
freedom t h a t  e x i s t  in t h e  math model be ing  used ,  so a l l  s i x  
columns p e r  node p o i n t  may n o t  ex is t  for a l l  node p o i n t s .  The 
s i x  columns shown above i n  t h e  G-matrix correspond t o  t h e  X ,  Y ,  
and 2 t r a n s l a t i o n a l  and X ,  Y ,  and 7 r o t a t i o n a l  deg rees  of freedom. 
The G-matrix i s  6 x NDF. 

Next, i f  t h e  modcl i s  symmetric,  t h e  fo l lowing  o p e r a t i o n  w i l l  
be performed: 

[ G I  = [MODl) [GI 
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where 

[MOD11 = 

If the model is asymmetric, the operation will be: 

[GI = [MOD21 [GI 

where 

(MOD2 

The GTM matrix will be calculated: 

[ G W  = [ G I  [MI 

where M is the full mass matrix of size NDF x NDF.  
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These two matrices are to  b e  used t o  obtain the 6 x 6 veh ic l e  
t o t a l  mass and i n e r t i a  matrix, as follows: 

A t  t h i s  point ,  i f  the user has set the appropriate f l a g ,  the 
center of gravity w i l l  be calculated i n  the following manner: 

[RM] = [RM] [CGFACT] 

For SYM = f and ANTI = f ,  
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where, if SYM = T and ANTI = F, 

CGFACT = 

If ANTI = T, 

CGFACT = 

I f  ANTI = SYM = F, 

CGFACT = 

- 
1.0- 

0.0 

1.0 

0.0 

1.0 

- -  
0.0 

1.0 

0.0 

1.0 

0.0 

1.0 - -  

- .  
1.0 

1.0 

1 . 0  

1 . 0  

1 . 0  

1 . 0  
- . I  

i f  the c a l c u l a t e d  c e n t e r  of g r a v i t y  i s  n o t  t h e  same as t h e  ref -  
erence  p o i n t ,  t h e  r e f e r e n c e  p o i n t  w i l l  be set  equal t o  t h e  
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center of gravity. Execution will then return t o  the first step, 
where another G-matrix will be calculated and the process repeated 
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.OE-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: 

. 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: 

0 0 0 0 0  

1 0 0 

1 - 
TR - 

0 

0 0 0  

where 

x~~ - x~ - x~ 
XR 

XL 

- X-coordinate of the reference point 
- X-ioordinate of the load station 

are defined in a similar manner. y~~ and ‘RL 
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A f t e r  c a l c u l a t i n g  TR , t h e  TEF-mat r ix  w i l l  be g e n e r a t e d :  

Next, t h e  MTEF-matrix w i l l  b e  calculated,  where 

[MTEF] = - [TEF] 

GL is  a reduced v e r s i o n  of t h e  G-matr ix ,  where  o n l y  t h e  columns 
of  t h e  G-matr ix  t h a t  are  t o  b e  i n c l u d e d  i n  c a l c u l a t i n g  t h e  l o a d s  
are transferred from t h e  G-matrix i n t o  t h e  (+,-matrix. The MTEF- 
matrix is a r e q u i  red o u t p u t  matrix. - 

The RBLC and EBLC matrices w i l l  be c a l c u l a t e d  as 

[RBLC] = [TEF] [ G T M J T  

[EBLCl = [TEF] [ M a ]  

and are  r e q u i r e d  o u t p u t  matrices. In  a d d i t i o n  t o  t h e s e  t h r e e  
matrices, l o a d  c o e f f i c i e n t s  f o r  t h e  l i n k s  t h a t  connec t  t h e  
O r b i t e r  t o  t h e  t a n k ,  e t c . ,  must be c a l c u l a t e d .  

The l i n k  l o a d s  c o e f f i c i e n t :  w i l l  be  c a l c u l a t e d  i n  t h e  f o l l o w i n g  
manner. For each  l o i d  s t a t i o n ,  t h e  node I D  number of  t h e  f i r s t  
node p o i n t  b e i n g  used t o  c a l c u l a t e  l i n k  l o a d s  c o e f f i c i e n t s  a t  
t h a t  s t a t i o n  w i l l  b e  checked t o  see which s e t  of  l i n k s  i s  
involved .  For example,  i f  t h e  node ID i s  i n  t h e  300's group and 
t h e  300's group i s  a s s i g n e d  t o  t h e  l e f t  S R B ,  t h e  l i n k  se t  
involved  w i l l  be t h a t  f o r  t h e  l e f t  SRB. Th i s  check mv,t be  done 
t o  know which f i t t i n g  c o o r d i n a t e s  a r e  t o  be  compared a g a i n s t  t h e  
load  s t a t i o n s .  I f  t h e  group i s  a s s i g n e d  t o  t h e  t a n k ,  a l l  t h r e e  
s e t s  of f i t t i n g s  must be  checked.  
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The r e s u l t s  of t h i s  comparison of t h e  X-coord ina te s  w i l l  be one 
of t h e  fo l lowing  t h r e e  cases :  

1. The load s t a t i o n  is forward of t h e  forward f i t t i n g .  

2 .  The load s t a t i o n  is  between t h e  two f i t t i n g s .  

3 .  The load s t a t i o n  is a f t  of t h e  a f t  f i t t i n g .  

The r e s u l t s  of  t h i s  t e s t  w i l l  de te rmine  which p a r t s  of t h e  
LG-matrix ( f i g .  4.18-2) w i l l  be t r a n s f e r r e d  t o  t h e  LGA-matrix 
f o r  c a l c u l a t i o n  of  l i n k  c o e f f i c i e n t s .  

The LGA-matrix w i l l  be a zero  ma t r ix  of t h e  same dimensions 
( 6  x 3 6 )  a s  t h e  LG-matrix. I f  ca se  1 occur s ,  no p a r t  of LG 
w i l l  be  t r a n s f e r r e d  t o  LGA. I f  c a s e  2 o c c u r s ,  t h e  6 x 6 mat r ix  
r e p r e s e n t i n g  t h e  forward f i t t i n g  of t h e  component i n  ques t ion  
w i l l  be t r a n s f e r r e d  t o  t h e  same p l a c e  i n  LGA. I f  c a s e  3 occur s ,  
bo th  6 x 6 mat r i ces  f o r  t h e  component w i l l  be  t r a n s f e r r e d  t o  
LGA. I f  t h e  component is  t h e  t ank ,  t h e  load  s t a t i o n  p o s i t i o n  
w i l l  be  compared s e p a r a t e l y  w i t h  each of t h e  t h r e e  p a i r s  o f  
f i t t i n g s ,  and by t h e  same r u l e s ,  between ze ro  and s i x  of t h e  
6 x 6 submatr ices  w i l l  be  t r a n s f e r r e d  t o  LGA. LGA w i l l  then be  
m u l t i p l i e d  a s  fo l lows:  

[LGA] = [LGA] [MOD] 

where,  i f  t h e  model i s  symmetric,  
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If the model is asymmetric, 

In the full case 

[MOD] = 

. e. , mode is neither symmetr-c or asymmetric 

1.0 

1.0 

1.0 

1.0 

1.0 I- 1.0 

[MOD] = 

Next, the calculation 

[LTEF] = [LGA][TR] 

will be performed, where 

[TR] = 

- - 
1 0 0 0 0 0  

0 1 0 0 0 0  

0 0 1 0 0 0  

0 0 0  

0 1 0  

0 0 0 1  

0 - z~~ y~~ 

RL 0 - X ~ ~  

- yRL 
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where 

'P-L - 'R - 'L 
y~~ - y~ - y~ 

z~~ - z~ - z~ 
XR - X-coordina te  of  t h e  r e f e r e n c e  p o i n t  

XL - X-coordina te  o f  t h e  load  s t a t i o n  

'R¶ y L S  'R¶ and ZL a re  d e f i n e d  i n  a s i m i l a r  manner. 

LTEF w i l l  b e  m u l t i p l i e d  by -1 and r e f e r r e d  t o  a s  t h e  M L T E F - m a t r i x .  
This  w i l l  complete  t h e  l i n k  l o a d s  c o e f f i c i e n t s  c a l c u l a t i o n s .  

4.18.4 OUTPUT 

Output f i l e s  w i l l  c o n s i s t  of t h e  fo l lowing :  

e Load C o e f f i c i e a t  Data F i l e  

0 Mass/Grid/Modal F i l e  

0 Load C o e f f i c i e n t  NAMELIST Inpu t  Data F i l e  ( f o r  b a t c h  run 
i n p u t  ) 

Addi t iona l  o u t p u t  w i l l  c o n s i s t  of  terminal  t a b u l a t i o n s ,  g r a p h i c a l  
d i s p l a y s ,  and menus, a s  d e s c r i b e d  i n  t h e  p r o c e s s i n g  s e c t i o n .  The  
u s e r  will have t h e  c a p a b i l i t y  o f  producing  a t a b u l a r  d i s p l a y  of 
t h e  d a t a  on t h e  Load C o e f f i c i e n t  Data F i l e ,  whether  c r e a t e d  by 
t h e  b a t c h  program o r  t h e  demand program. 
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4.19 MATERIAL DATA F I L E  GENERATOR 

4.19.1 PURPOSE 

Th i s  f u n c t i o n  w i l l  allow a u s e r  t o  i n p u t ,  e d i t ,  and d i s p l a y  
g r a p h i c a l l y  a Material Data F i l e .  This  f i l e  shou ld  b e  a L e n t r a l  
r e p o s i t o r y  of a l l  m a t e r i a l - d e p e n d e n t  p r o p e r t i e s ,  c o n t a i n i n g  
cu rves  and t a b l e s  f o r  s e l e c t e d  materials. F i g u r e  4.19-1 i s  a 
d a t a  f low diagram f o r  t h e  Material Data F i l e  Generator. 

4.19.2 INPUT 

Two methods of i n p u t  f o r  t h i s  f u n c t i o n  shou ld  e x i s t .  I n p u t  
t h rough  a c a r d  r e a d e r  i n  a b a t c h  mode of  o p e r a t i o n  shou ld  be  
a v a i l a b l e  due t o  t h e  l a r g e  volume of c u r v e s  and t a b i s  t h a t  
might be  r e q u i r e d .  However, d i r e c t  i n p u t  and e d i t i n g  w i l l  a l s o  
be  a v a i l a b l e .  Due t o  t h e  s i z e  i n d  importance of t h i s  f i l e ,  a 
f i l e  manager should  be  i n  cha rge  of upda t ing  t h e  f i l e  c o n t e n t s ;  
t h e  f i l e  should  b e  secu red  and r e a d  on ly .  

I 
4.19.3 PROCESSING 

Regard less  o f  t h e  method of i n p u t ,  it w i l l  be  n e c e s s a r y  f o r  
t h e  u s e r  t o  ir lput a t i t l e  a ?  t h e  f i r s t  i n p u t  item f o r  each  c u r v e  
o r  t a b l e .  Each t i t l e  should  c o n s i s t  of t h e  material  i d e n t i f i e r  
fol lowed by a d e s c r i p t i o n  o f  t h e  i n p u t  d a t a ,  such as "aluminum 
2024-T81 a l p h a  v s .  t empera ture ."  The program will check t h e  f i l e  
t a b l e  of  c o n t e n t s  f o r  t h e  t i t l e .  I f  it is  a l r e a d y  i n  t h e  t a b l e  
of  c o n t e n t s ,  t h e n  t h e  user must s p e c i f y  a unique  t i t l e  o r  have 
t h e  o r i g i n a l  d a t a  d e l e t e d  from t h e  f i l e .  I f  t h e  i n p u t  t i t l e  
is  n o t  found i n  t h e  t a b l e  o f  c o n t e n t s ,  i t  w i l l  be  i n s e r t e d  i n  
c o r r e c t  a lphanumeric  o r d e r  and t h e  cu rve  o r  t a b l e  w i l l  be  added 
t o  t h e  f i l e .  The material i d e n t i f i e r  should  be  i n p u t  i n  t h e  
same format f o r  a l l  e n t r i e s  under  t h a t  m a t e r i a l .  For  example,  
a l l  c u r v e s  and t a b l e s  f o r  aluminum a l l o y  2 9 2 4 ,  heat treatment T81, 
should  have a t i t l e  beginning  "aluminum 2024-T81." 

\ 
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When inpu t  i s  by c a r d s  o r  t h e  keyboard, t a b u l a r  d a t a  w i l l  h c  
i npu t  by rows, i n c l u d i n g  f i e l d s  fo r  row and column labe ls .  Curve 
d a t a  w i l l  b e  inpu t  i n  terms of X and Y c o o r d i n a t e s  w i t h  a l i m i t  
of 100 d a t a  p o i n t s .  S e v e r a l  curves  having common axes w i l l  be 
a 1  lowed. 

Curve inpu t  a t  t h e  conso le  can be  accomplished by typ ing  i n  X 

and Y v a l u e s  o r  by u s i n g  t h e  l i g h t  pen. To use  t h e  l i g h t  pen, 
a se t  of axes should  be  genera ted  w i t h  limits set  by :hc ;~L;T. 

The l i g h t  pen would then  b e  used t o  select points on t h e  curve .  
These p o i n t s  w i l l  be  connected Sy a series of s t r a i g h t  l i n e s  t o  
form t h e  curve.  

The u s e r  should  have t h e  o p t i o n  of d i s p l a y i n g  oil t h e  sc reen  a l l  
cu rve  o r  t a b u l a r  d a t a  s t o r e d  on t h e  f i l e .  To do t h i s ,  he should 
f i r s t  be a b l e  t o  d i s p l a y  t h e  t a b l e  of  c o n t e n t s  o r  a p o r t i o n  of 
i t  on t h e  sc reen .  Using t a b l e  4 .19-1 a s  an exanp le ,  a l l  t i t l e s  
would be  l i s t e d  i f  t h e  e n t i r e  t a b l e  of  c o n t e n t s  i s  d e s i r e d .  Thc 
u s e r  could  then  select  a cu rve  o r  t a b l e  t o  be  d i s p l a y e d  by typ ing  
i n  t h e  l i n e  number. The user  should a l s o  have t h e  c a p a b i l i t y  of 
d i s p l a y i n g  on ly  a p o r t i o n  of  t h e  t a b l e  of c o n t e n t s .  For 
i n s t a n c e ,  aga in  rising t a b l e  4.19-1,  he could  s p e c i f y  t h e  m a t e r i a l  
"aluminum 2024" and have f o u r  t i t l e s  p r i n t e d .  A l t e r n a t e l y ,  h e  
could  s p e c i f y  a meta l  a l l o y  p l u s  h e a t  treatment number, "aluminum 
2024-T81," and have t h r e e  t i t l e s  p r i n t e d .  

Curve d a t a  can  b e  d i s p l a y e d  e i t h e r  as p l o t s  o r  t a b l e s .  T h e  u s e r  
should be a b l e  t o  e d i t  b o t h  curves  and t a b l e s  by i n t e r a c t i v e l y  
s e l e c t i n g  items and i n p u t t i n g  new v a l u e s .  With cu rves  i n  p l o t  
form, t h e  u s e r  may a l s o  type  i n  a parameter  and have i t s  c o r r e s -  
ponding v a l u e  computed by a l i n e a r  i n t e r p o l a t i o n  r o u t i n e  and 
d i sp layed  on t h e  screen. Table  4 . 1 9 - 2  and f ig t l r e  4.19-2 a r e  
samples of  t ypes  of t a b u l a r  and curve  d a t a  t o  be inc luded  i n  t h e  
M a t e r i a l  Data F i l e .  
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4.19 .4  OUTPUT 

Output for t h i s  function w i l l  c o n s i s t  of graphical and tabular 
d isplays  at  the  remote terminal,  hardcopy output of these d i s -  
p lays ,  and a Material Data F i l e .  The Material DLta File w i l l  
contain a l l  properties  ( s tructural ,  thermal, e t c . )  tha t  are 
material dependent. 
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TERNINAL 
INPUT 

Figure 4.19-1.  -Data flow diagram for  Material Data 
F i l e  Generator. 
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PROPERTIES VERSUS TEMPERATURE 
BORON/EPOXY - [ O ]  - LONGITUDINAL TENSION 
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FTU -Tensile ultimate strength 
E - Tension modulus 
u - Poisson's ratio 

Figure 4.19-2. -- Sample of curve data. 

4-218 



TABLE 4.19-1 - SAMPLE TABLE OF CONTEXTS 

Line 

1 

2 

3 

4 

s 
6 

7 

MATERIAL DATA FILE 

TABLE OF CONTENTS 

Tit le 

Aluminum 2024-T81 tab datr; at r.t. 

Aluminum 2024-T81 alpha vs .  temperature 

Aluminum 2024-T81 FTU v s .  temperature 

Aluminum 2024-T851 alpha v s .  temperature 

Aluminum 7075-T73 tab data at r.t. 

Aluminum 7075-1,' alpha vs. temperature 

Boron-Aluminum tab data at r.t. 

4 - 2 1 9  



TABLE 4.19-2. - SAMPLE OF TABULAR 3ATA 
Key Room-Temperature Properties 

Boron/Aluminum - [ 0 ]  
v, = 0.50 

Design Strengths 

Longitudinal tensile ultimate 
Transverse tensile ultimate 
Longitudinal compression ultimate 
Transverse compression ultimate 
In-plane shear ultimate 
Interlaminar shear ultimate 
Ultimate longitudinal strain 

Ultimate transverse strain 

Elastic Properties 

Longitudinal tension modulus 
Transverse tension modulus 
Longitudinal compression modulus 
Transverse compression modulus 
In-plane shear modulus 
Longitudinal Poisson's ratio 
Transverse Poisson's ratio 

Physical Constants 

Density 
Longitudinal coefficient of 
thermal expansion 
Transverse coefficient of 
thermal expansion 

Symbo 1 

FI'U 
F TU 
F CU 
FCU 
F SU 
FISU 
eTU 

€Tu 

Symbol 

E 
E 
EC 
EC 
G 
P 
CI 

Symb o 1 

- 
Measurement 

160.0 ksi 
16.0 ksi 
176.0 ksi 
23.0 ksi 
10.0 ksi 
18.3 ksi 

5,000.0 p in./in. 
6,000.0  

6 ,000 .0  p in./in. 
12,000.0 

Measurement 

34.0 msi 
20 .0  msi 
30.0 msj 
19.0 nisi 
9.5 msi 
0.23 
0.17 

Measurement 
~ -~ 

3 0.098 lbs/in. 
3 . 2  1.1 in./in./OF 

10.6 p in./in./T 
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4.20 MOTION PICTURE GENERATOR 

4.20.1 PURPOSE 

Th i s  f u n c t i o n  w i l l  c o n s i s t  of two s e p a r a t e  s u b f u n c t i o n s .  ‘ l h c  
f i r s t  s u b f u n c t i o n  w i l l  p r o v i d e  t h e  c a p a b i l i t y  t o  have nov ie  d i s -  
p l a y s  gene ra t ed  on t h e  Adage CRT. Both two-dimensional  and t h r e e -  
d imens iona l  images must b e  suppor t ed  by t h e  s u b f u n c t i o n .  The 
second subfunc t ion  w i l l  g e n e r a t e  SC-4060  micro f i lm  of any d i s p l a y  
shown on t h e  Adage CRT. F i g u r e  4 . 2 0 - 1  shows t h e  d a t a  f low.  

4.20.2 MOVIE SUBFUNCTION 

4.20.2.1 Inpu t  

The i n p u t  t o  t h i s  s u b f u n c t i o n  w i l l  b e  a mass s t o r a g e  d a t a  f i l e  
which d e s c r i b e s  t h e  image f o r  each  increment  over  t h e  movie span .  
No format  o f  t h i s  f i l e  can b e  developed u n t i l  t h e  d e t a i l e d  d e s i g n  
of  t h e  s u b f u n c t i o n  h a s  been s t a r t e d .  

4 . 2 0 . 2 . 2  P rocess ing  

T h i s  s u b f u n c t i o n  w i l l  r e a d  t h e  inpu t  f i l e  and g e n e r a t e  a series 
of images which cor respond t o  t h e  span increments .  The p e r i o d  o f  
time t h a t  each  image i s  d i s p l a y e d  must be  c o n t r o l l a b l e  by the 
aser.  The u s e r  w i l l  have t h e  c a p a b i l i t y  t o  speed up ,  slow down, 
:.rZ frt!e:e t h e  a p p a r e n t  motion. The u s e r  must a l s o  have t h e  capa-  
~ i i 1 i . 1  t o  change t h e  p o s i t i o n ,  o r i e n t a t i o n ,  and s i z e  of  t h e  d i s -  
p I&;; 5-3 i aag  e.  

Th i s  sub func t ion  w i l l  n o t  p rov ide  any c a p a b i l i t y  t o  e d i t  t h e  d a t a  
be ing  d i s p l a y e d .  This  c a p a b i l i t y  w i l l  be  provided  by t h e  func-  
t i o n s  which c r e a t e  t h e  i n p u t  f i l e .  

4 .20.2.3 Output 

The only  ou tpu t  from t h i s  sub func t ion  w i l l  be t h e  two-dimensional  
o r  t h ree -d imens iona l  movies d e s c r i b e d  i n  t h e  p reced ing  s e c t i o n s .  
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4.20.3 SC-4060 MICROFILM SUBFUNCTION 

4.20.3.1 Inpu t  

The  inpu t  t o  t h i s  sub func t ion  w i l l  be  a d a t a  f i l e  c o n t a i n i n g  t h e  
Adage d i s p l a y  l i s t  of images shown on t h e  Adage CRT. The f i l e  
w i l l  be  c r e a t e d  on t h e  Adage g r a p h i c s  t e r m i n a l  330 system. 

4.20.3.2 P r o c e s s i n g  

Upon u s e r  command, t h i s  sub func t ion  should  c a p t u r e  t h e  d i s p l a y  
l i s t  of t h e  images be ing  e x h i b i t e d  on t h e  Adage CRT. The l i s t s  
should be r e t a i n e d  u n t i l  t h e  u s e r  has  completed h i s  a c t i v i t y .  
Then they  should  5e t r a n s m i t t e d  t o  t h e  UNIVAC 1110, where they  
w i l l  be ou tpu t  t o  t h e  SC-4060 t o  o b t a i n  microf i lm.  If a t  a l l  
p o s s i b l e ,  t h e  microf i lm images should  be  e x a c t  d u p l i c a t e s  of t h e  
images d i s p l a y e d  on t h e  Adage CRT. Th i s  sub func t ion  should be 
a b l e  t o  recreate a l l  Adage d i s p l a y s ,  i n c l u d i n g  t h e  movie d i s p l a y s .  

1 
1 4.20.3.3 Output 

The o u t p u t  from t h i s  b*ibfunction w i l l  be  SC-4060 mic ro f i lm  of 
Adage d i s p l a y s .  
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TERMINAL 
MOVIES 

F i g u r e  4 . 2 0 - 1 .  - Data flow diagram f o r  Motion 
P i c t u r e  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 
t h e  'IempLLature 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: 

0 User ..lode1 File 

0 Model Temperature File 

0 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 - 2 2 4  



Next ,  t h e  Model Temperature F i l e  w i l l  b e  r e a i ,  and a d i s p l a y  w i l l  

be g e n e r a t e d  f o r  t empera tu re  a t  each node p o i n t .  
t u r e  a t  each  node o f  an element w i l l  t h e n  b e  averaged accord ing  
t o  t h e  fo l lowing  formulas .  This  k ; i l l  b e  done f t  . a l i  e l emen t s ,  
a f t e r  which t h e  r e s u l t s  w i l l  be  d i s p l a y e d  f o r  checking purposes .  

The tempera- 

I f  t he  element i s  

CBAR,  CONROD, CROD, CTORDRC, o r  CTUBE 

0 CTRBSC, CTRIA1,  CTRIAZ, C T R I A R G ,  CTRMEM, o r  CTRPLT 

T1 + T 2  + T 3  - - 
av  ;g 3 

0 C D U M i ,  CQDMEM, CQDPLT, C Q U A D i ,  CQUAD2,  CSHEAR, CTRAPRG, o r  
CTWIST 

0 CWEDGE 

T1 + T2 * T3 + T4 + T 5  + T6 
6- = -- 

Tavg 

0 CHEXAi 

T ’ ~  + ‘r2 + T~ + T~ + T~ + T~ + T, + T~ 
8 

- -  
avg 

T 

where: 

Ti 

*aVg 

- t empera tu re  a t  t h e  node p o i n t  

- e 1 emen t temper a t u r e  
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The u s e r  w i l l  then  s p e c i f y  t h e  c a f e r i a l  p r o p e r t i e s  and a l l o w a b l e s ,  I 
u s i n g  d a t a  from t h e  M a t e r i a l  Data Fllc. 
t empera tu re  dependent  w i l l  be  a u t o m a t i c a l l y  s e l e c t e d  from t h e  
M a t e r i a l  Data F i l e  by t h e  program (by r e f e r e n c i n g  the  ave rage  
t empera tu re  c a l c u l a t e d  f o r  t h e  element be ing  p rocessed )  u n l e s s  
t h e  u s e r  wishes  t o  o v e r r i d e  and s p e c i f y  ano the r  t empera tu re .  
A l l  d a t a  from t h e  M a t e r i a l  Data F i l e ,  whether  t a b u l a r  o r  cu rve  
dcita, w i l l  be  d i s p l a y - s e l e c t a b l e  by t h e  keyboard o r  by an  i n t e r -  
a c t i v e  g r a p h i c a l  d e v i c e ,  such as  a l i g h t  pen. A d d i t i o n a l l y ,  
t h i s  program w i l l  p rov ide  f o r  l i n e a r  i n t e r p o l a t i o a  o f  t h e  curve  
d a t a .  

Those v a l u e s  which a r e  

I n  t h e  f i r s t  s t e p  o f  t h i s  i n p u t ,  t h e  u s e r  w i l i  be  asked f o r  t h e  
s a t e r i a l  compris ing t h e  f i r  t elsment. Next,  h e  w i l l  be  asked 
t o  choose one of t h e  fo l lowing  problem d e s c r i p t i o n s :  

0 I s o t r o p i c  

0 A n i s o t r o p i c  

e O r t h o t r o p i c  

Each cho ice  r e q u i r e s  a r p a c i f i c  broup of d a t a  f o r  which v a l u e s  
w i l l  h e  e i t h e r  s e l e c t e d  by  t h e  u s e r  from t a b l e s  and c u r v e s  o r  
n a n u a l l y  i n p u t .  The user w i l l  be  guided i n  t h i s  s e l e c t i o n  hy 
menus. Thc user i s  n o t  r e s t r i c t e d  t o  t h e  d a t a  normal ly  grouped 
under  t h e  problem d e s c r i p t i o n  h e  has  chosen and can i n p u t  man- 
u a l l y  any e x t r a  d a t a  h e  wishes  t o  e n t e r  i n t o  t h e  Model Materi9l 
F i l e .  Table  4 . 2 1 - 1  shows t h c  normal groupinks o f  t h e  d a t a .  
These groupings  w i l l  de te rmine  t h e  d a t a  f o r  w h i c h  t h e  u s e r  w i l l  
s p e c i f i c a l l y  be asked ,  based on h i s  cho ice  of problem d e s c r i p -  
t i o n s .  T h i s  i n p u t  p r o c e s s  w i l l  be r e p e a t e d  f o r  each  e lement .  
F i n a l l y ,  d i s p l a y s  w i l l  enab le  t h e  u s e r  t o  check and hardcopy h i s  
s e l e c t i o n s .  When he i s  s a t i s f i e d ,  t h e  Model M a t e r i a l  F i l e  w i l l  
b c  g e n e r a t e d .  
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4 . 2 3 . 4  OUTPUT 

The output from this function will be of two major types, t h e  

Model Material File and terminal displays. A description of t h c  
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. 
and presented as deciribed in the previous section and will con- 
sist of tabulations and plots. 

The displays will be developed 
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0 MATERIAL 

0 MATERIAL 

Figure 4 . 2 1 - 1 .  - Data f low diagram for  Model 
Material F i l e  Generator. 
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TABLE 4 . 2 1 - 1 .  - MATERIAL D.4TA REQUIRED VERSUS 

Material Data 

Material ID nuzber 
Young’s modulus 
Shear modulus 
Poisson’s ratio 
Mass density 
Thermal expansion 
coefficient 
Thermal expansion 
reference temperature 
Structural element 
damping coefficient 
Tension stress limit 
Compression stress limit 
Shear stress limit 
Thermal condcctivity 
Thermal capacity 
per unit volume 
Material property matrix 
Thermal expansion 
coefficient vector 
Young’s moduli in X ,  Y, 
and 2 
Poisson’s ratios (XU,  Y Z ,  
ZX directions) 
Sheer moduli for XY, YZ, 
and Z X  
Thermal expansion 
coefficients (3) 

PROBLEM DESCRIPTIONS 

Isotropic 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

Anisotropic 

X 

X 

X 

X 

X 

X 

x 
X 

X 

X 

X 

Orthot ropic NASTRAN Matcrirrl 
Card Namc 

MID 
E 
G 
NU 
RHO 

A 

TREF. TO 

GE 
ST 
sc 
ss 
K 

CP 
G.. 
1J 

Ai 

€ X ,  E Y ,  E2 

NIJXY, N U Y Z .  NUiX 

CXY, GYZ, G L X  

A X ,  A Y ,  A2 - 
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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 therm1 model and tL- temperature at each node point of 
the model. The thermal mod emperzSures must be linearly 
interpolated to the structural model grid points. 
File will contain a complete description (node numbers and their 

which temperature data are required. 

The User Model 

coordinates and element descriptions) of the structural model for I 
d 

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 a .i's. 

4 . 2 2 . 3  PROCESSING 

The Temperature Data File will contain data for nivnerous tine 
frames; the program must provide the capability to display a 
tabulation o f  these times. The user will then select the times 
required for his analysis. The prDgram 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 temperaturcs at each structural 
grid point on the User Model File. The user requires the capa- 

4 - 2 3 0  

I 



h i l i t y  t o  manual ly  select  t h e  t h c r m a l  node p o i n t s  t o  be used i n  
t h e  i n t e r p o l a t i o n  o r  t o  cause  t h e  program t o  select t h e  thcrmal  
node p o i n t s .  

4 . 2 2 . 4  OUTPUT 

The  pr imary ou tpu t  from t h i s  f u n c t i o n  w i l l  b e  t h e  Model Tempera- 
t u r e  F i l e .  Th i s  f i l e  w i l l  c o n t a i n  t h e  i d e c t i f i c a t i o n  and tem- 
p e r a t u r e  o f  each  s t r u c t u r a l  g r i d  p o i n t .  

Secondary o u t p u t  w i l l  be t a b u l a t i o n  and g r a p h i c a l  d i s p l a y s  from 
t h e  Model Temperature  F i l e ,  Temperature  Data F i l e ,  and User Model 
F i l e .  The t a b u l a t i c n  d i s p l a y s  shou ld  c o n t a i n  g r i d  p o i n t  i den -  
t i f i c a t i o n ;  X ,  Y ,  and Z c o o r d i n a t e s ;  and t empera tu re .  The g raph-  
i c a l  d i s p l a y s  shou ld  p r e s e n t  t h e  geometry o f  e i t h e r  t h e  thermal  
model o r  t h e  s t r u c t u r a l  model. The program should  a l s o  have t h e  
c a p a b i l i t y  t o  d i s p l a y  t h e  t empera tu re  on i so the rms  on t h e  s u r f a c e  
of t h e  model. The u s e r  r e q u i r e s  t h e  c a p a b i l i t y  t o  e d i t  t h e  i s o -  
therms and t o  zoom i n t o  o r  o u t  of t h e  d i s p l a y e d  image. 
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TERMINAL 
INPUT 

Figure 4.22-1. -Data flow diagram for Model Temperature 
F i l e  Generator. 
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4 . 2 3  NASTRAN POSTPROCESSING 

4 . 2 3 . 1  PURPOSE 

T h i s  f u n c t i o n  w i l l  ana lyze  t h e  d a t a  ob ta ined  from a NASTRAN exe -  
c u t i o n .  I t  w i l l  u s e  t h e  NASTRAN Output-2 F i l e  t o  t a b u l a t e  cer-  
t a i n  stresses, f o r c e s ,  and d i sp lacemen t s  and t o  compute s e v e r a l  
l o a d  r e l a t i o n s h i p s .  This  f u n c t i o n  w i l l  a l s o  make u s e  of the 
NASTRAN t o  FRISBE Modal Tape Conversion Program (NASTOF) t o  crestc  
a User Modal Tape which w i l l  supply  a l l  dynamic r e sponse  programs 
i n  I S A S  w i t h  t h e  d a t a  r e q u i r e d  f o r  t h e i r  a n a l y s e s .  F i g u r e  4.23-1 
i s  t h e  f u n c t i o n ' s  d a t a  flow diagram. 

4.23.2 INPUT 

The inpu t  w i l l  c o n s i s t  o f  t h e  fo l lowing  f i l e s :  

0 Body Loads Distribution F i l e  

0 NASTRAN Output-2 F i l e  

The NASTRAN Output-2 F i l e  w i l l  be c r e a t e d  i n  an execu t ion  o f  t h c  
NASTRAN program. Input  w i l l  a l s o  c o n s i s t  of d a t a  e n t e r e d  b y  t h e  
u s e r  from t h e  t e rmina l .  

4 .23.3 PROCESSING 

A f t e r  execu t ion  of t h e  NASTRAN program, t h e  u s e r  should have 
access t o  t h e  NASTRAN Outout-2 F i l e  t h a t  can be used by t h i s  
f u n c t i o n  f o r  p o s t p r o c e s s i n g .  The p rocess ing  f u n c t i o n  will con- 
s i s t  c c  f o u r  sub func t ions .  These a r e  d e s c r i b e d  a s  fo l lows :  

1. Use of  t h e  NASTOF program t o  conve r t  t h e  NASTRAN Output-2 
F i l e  t o  t h e  User Modal Tape 

2 .  Access t o  t h e  NASTRAh Output -2  F i l e  t o  perform a f i l e  search  
t o  y i e l d  v a r i o u s  r e s u l t s  ( f i n d  maximum f o r c e s ,  maximum 
stresses ,  p l o t s  05 d i sp lacemen t ,  f r e e  body d iagrams,  modal 
movies,  i n p u t  f i l e s ,  e t c . )  
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3. Computation of  i n t e r n a l  t o  e x t e r n a l  l oad  r e l a t i o n s h i p s  

4 .  C a l c u l a t i o n  of i n t e r n a l  l o a d s  

Vi sua l  d i s p l a y s  o r  menus a r e  t o  be provided  which w i l l  l e a d  t h e  
u s e r  through t h e  p r o c e s s i n g  f u n c t i o n .  I t  should  be p o s s i b l e  f o r  
t h e  u s e r  t o  e n t e r  t h i s  f u n c t i o n  a t  t h e  beginning  of any of  t h e  
preceding  f o u r  sub func t ions  ( a  c h o i c e  made by menu s e l e c t i o n ) .  
The u s e r  should  a l s o  be a b l e  t o  t e r m i n a t e  p r o c e s s i n g  and s t o r e  
a l l  c r e a t e d  f i l e s  a t  t h e  end of  each of  t h e  phases;  i . e . ,  t h e  
u s e r  w i l l  n o t  be  c o n s t r a i n e d  t o  c y c l e  through t h e  er.'ire p rocess .  

4.23.3.1 Execution of NASTOF Program 

The f i r s t  sub f - - ?c t ion  of p rocess ing  w i l l  be t h e  execu t ion  of t h e  
NASTOF program. This  program w i l l  be  used t o  conve r t  t h e  NASTRAN 
Output-2 F i l e  t o  t h e  User Modal Tape. The User Modal Tape w i l l  
t hen  supply  a l l  dynamic response  programs i n  ISAS with the d a t a  
r e q u i r e d  f o r  t h e i r  a n a l y s e s .  

The f i r s t  i n p u t  w i l l  be t o  i d e n t i f y  t h e  f i l e  r- t h e  NASTRAN 
Output-2 F i l e .  After t h i s  name i s  v e r i f i e 3 ,  t h - ,  t s r m i n a l  u s e r  
should be r eques t ed  t o  i n p u t  t h e  r equ i r ed  d a t a  t o  t s e c u t e  NASTOF. 
The  u s e r  should have t h e  c h o i c e  of e n t e r i n g  a f i l e  name where 
these d a t a  a r e  s t o r e d  o r  e n t e r i n g  t h e  d a t a  d i r e c t l y  from t h e  t e r -  
minal .  Th i s  i npu t  should c o n s i s t  o f  t i t l e  c a r d ;  c o o r d i n a t e ,  
mass, and modal d a t a  convers ion  f a c t o r s ;  and number o f  modes. 
A f t e r  t h e  b a t c h  execu t ion  of  NASTOF, t h e  User Modal Tape w i l l  
e x i s t  on t h e  t a p e  named by t h e  u s e r .  

4 . 2 3 . 3 . 2  F i l e  Search on NASTRAN Output-2 F i l e  

In  t h e  nex t  p rocess ing  subfunc t ion ,  a demand program w i l l  be used 
t o  perform a f i l e  s ea rch  on t h e  NASTRAN Output-2 F i l e  t o  y i e l d  
r e s u l t s  s e l e c t e d  from a provided menu. The program w i l l  add res s  
t h e  NASTRAN Output-2 F i l e  t o  r e t r i e v e ,  s o r t ,  c a l c u l a t e ,  and then  
d i s p l a y  t h e  r e s u l t s .  The u s e r  w i l l  be r eques t ed  t o  e n t e r  from 
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I .  

L k  t h e  t e r m i n a l  t h e  f i l e  name of' t h c  NASTRAN Output-2 Fj lc  t o  bc 

used as i n p u t .  The d a t a  on t h e  f i l e  should  be f i l e d  by load casc  

number. Any d a t a  r e q u i r e d  t o  a d d r e s s  t h e  program and c a l l  up 
t h e  menu should  be r e q u e s t e d  from t h e  t e r m i n a l  and s u p p l i e d  by 
t h e  u s e r .  After t h e  u s e r  h a s  s e l e c t e d  an o p t i o n ,  t h e r e  may be  
a d d i t i o n a l  i n p u t  f o r  t h a t  s p e c i f i c  o p t i o n .  

The menu o p t i o n s  w i l l  be as fo l lows :  

1. Load cases can b e  sea rched  for  t h e  maximum d i sp lacemen t s  
o f  some s p e c i f i e d  g r i d  p o i n t s  i n  s e l e c t e d  d i r e c t i o n s .  The 
load  cases shou ld  b e  a d d r e s s a b l e  by l o a d  case number; t h e  
u s e r  w i l l  be r e q u e s t e d  t o  supply  t h e  needed d a t a  i n p u t .  T h e  
t e rmina l  d i s p l a y  shou ld  b e  of t a b u l a r  form c o n t a i n i n g  t h c  
l o a d  case numbers, g r i d  p o i n t s ,  and d i sp lacemen t s  o f  t h a t  
g r i d  i n  a i l  t h r e e  d i r e c t i o n s  and t h e  t o t a l  nagn i tude  o f  t h e  
d e f l e c t i o n  of t h a t  g r i d .  

An example o f  s u i t a b l e  d i s p l a y  i s :  

T I T L E *  
M A X I M U M  D I S P L A C E M E N T S  

L O A D  G R I D  x Y Z T O T A L  D I S P L A C E M E N T  
C A S E  NO. (IN.) (IN.) (IN.) (IN.) 

2 1  2 1  3 
5 1  2 

7 0 1  2 
9 1 1  1 

32 2 1  3 
5 1  2 

7 0 1  2 
9 1 1 1  

The T I T L E  o f  t h e  d i s p l a y  should be t h e  ' i t l e  on t h e  NASTRAN 
Output-2 F i l e  i f  a v a i l a b l e .  

2 .  Load c a s e s  can be sea rched  f o r  maximum element f o r c e s  w i t h i n  
"X"  percen t  of t h e  maximum va lue .  For each  t y p e  of  e l emen t ,  

- 

p 
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3 .  

t h c  f o r c e s  c a l c u l a t e d  can be  un ique ;  i.e., o n l y  ax ia l  and 
t o r s i o n a l  l o a d s  w i l l  b e  computed f o r  a r o d ,  w h i l e  +he  s h e a r  
l oad  and bending moments i n  two p l a n e s  w i l l  b e  compdted f o r  
a b a r .  Thus, any t y p e  o f  e lement  f o r c e  comparison must b e  
res t r ic ted t o  similar t y p e s .  

The u s e r  w i l l  be r e q u e s t e d  t o  supp ly  t h e  needed d a t a  i n p u t ;  a 
d i s p l a y  i n  t a b u l a r  form should  l i s t  element  nuqbers  and c o r r e -  
sponding l o a d s  meet ing  t h e  chosen r equ i r emen t s .  The d i s p l a y  
t i t l e  should  be  t h a t  o f  t h e  NASTRAN Output F i l e ,  and t h e  sub-  
t i t l e  should  i d e n t i f y  t h e  s p e c i f i c  o p t i o n .  

An example of a s u i t a b l e  d i s p l a y  i s :  

T I T L E  
S U B T I T L E  

ROD A X I A L  
ELEMENT NUMBER LOAD ( L B )  

5001 11 5000. 
6115 10351.  
7228 10017. 

Load c a s e s  can be  sea rched  f o r  s p e c i f i e d  t h r e s h o l d  f o r c e s  
exceeding  some i n p u t  l e v e l .  As i n  o p t i o n  2 ,  any type  o f  
f o r c e  comparison must be  r e s t r i c t e d  t o  s i m i l a r  t y p e s .  
element t y p e s  and f o r c e  parameters  t o  be sea rched  must 
be i n p u t  a long  w i t h  case numbers o f  i n t e r e s t .  A d i s p l a y  
i n  t a b u l a r  form w i t h  t i t l e  and s u b t i t l e  as i n  o p t i o n  2 
should  l i s t  c a s e  numbers and t h r e s h o l d  f o r c e s .  The  t h r e s h o l d  
va lue  should  a l s o  be d i s p l a y e d .  

The 

4 .  Load c a s e s  can be searched f o r  f o r c e s  o f  d e f i n e d  e l emen t s .  
The  terminal u s e r  must i n p u t  t h e  element  t y p e ,  e lement  n-.im- 
b e r s ,  f o r c e s  r e q u i r e d ,  and c a s e  numbers. The d i s p l a y  c h m l r i  
be  t h e  same a s  shown i n  o p t i o n  2 w i t h  on ly  t h e  s u b t i t l e  
change. 
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Options 5 ,  6 ,  and 7 correspond w i t h  o p t i o n s  2 ,  3 ,  and 4 except  
t h e  p rocess ing  w i l l  be on element stresses i n s t e a d  o f  element 
forces.  

5. 

6 .  

7. 

8 .  

9. 

Load cases w b i l  be searched  f o r  maximum element s t resses  and 
a l l  s tresses w i t h i n  "X" p e r c e n t  of t h e  maximum v a l u e .  

Load cases w i l l  be searched  f o r  s p e c i f i e d  t h r e s h o l d  s t resses  
exceeding sone i n p u t  l e v e l .  

Load cases w i l l  be searchccl f o r  s t resses  of  d c f i n e d  e lcmcnts .  

Load cases can be  chosen and d i sp lacemen t s  - plot tccl .  When 
t h i s  o p t i o n  i s  s e l e c t e d ,  a l l  p l o t t i n g  s p e c i f i c a t i o n  d a t a  
i n p u t  by t h e  u s e r  o r  t r k e n  from t h e  NASTRAR Output -2  F i l e  
should cor respond w i t h  t h e  NASTRAN s t r u c t u r a l .  p l o t t i n g  con- 
t r o l s  b u t  be  l i m i t e d  t o  (1)  s e t  d e f i n i t i o n ,  ( 2 )  axes d e f i n i -  
t i o n ,  ( 3 j  view a n g l e  d e f i n i t i o n ,  ( 4 )  maximum de fo rma t ion ,  
(5) FIND c a r d ,  and ( 6 )  PLOT c a r d  2nd t h e  o p t i o n s  t h a t  w i l l  be 
a v a i l a b l e  on each of  t h e s e  ca rds .  The d i s p l a y s  should  be t h e  
s e l e c t e d  s t r u c t u r a l  p l o t s ,  a p p r o p r i a t e l y  l a b e l e d  w i t h  t i t l e  
and c a s e  number from t h e  NASTRAN Output-2 F i l e .  

Load ca.ses can be searched  and f r e e  body _. diagrams p l o t t e d .  
This  o p t i o n  is  c u r r e n t l y  a v a i l a b l e  only  when t h e  s e c t i o n  t o  
be c u t  i s  ad jo ined  by t h c  fo l lowing  e lements :  (1) r o d s ,  
( 2 )  b a r s ,  ( 3 )  s h e a r  p a n e l s ,  and ( 4 )  t r i a n g u l a r  membranes. 
The reason  f o r  t h i s  l i m i t a t i o n  i s  t h a t  clement l oads  w i l l  
on ly  b e  computed i n  l e v e l  1 5 . 5  of  NASTRAN f o r  r o d s ,  b a r s ,  
and s h e a r  pane l s .  Although t h e  g r i d  loads  f o r  t r i a n g u l a r  
membranes w i l l  no t  b e  computed, i t  may sometimes be necessa ry  
t o  i n c l c d e  them i n  f i n i t e  element modeling t o  s i m u l a t e  
i r r e g u l a r  geomctr ies ;  t h e r e f o r e ,  i t  w i l l  be necessary  t o  
i n c l u d e  an approximation f o r  t h e  t r i a n g u l a r  membrane g r i d  
forces  i n  t h e  f r e e  body c a l c u l a t i o n s .  T h e  c n g i n c c r - u s e r  
w i l l  have t h e  r e s p o n s i h i l i t y  of  bc ing  c c r t s i n  t h a t  when t h i s  

o p t i o n  i s  s e l e c t e d ,  a propcr  c u t t i n g  plane i s  defi!?ctf such 
t h a t  t h e  preceding  1 imi t ; i t i on  i s  observed.  
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An example o f  u s i n g  t h i s  o p t i o n   follow^. 
A s e c t i o n  of a f i n i t e  model i s  t o  be  ana lyzed  i n  more d e t a i l  
than  i s  inc luded  i n  t h e  s t r u c t u r a l  element model ing.  A t h r e e -  
d imens iona l  s p a c e  should  b e  d e f i n e d  t o  i n c l u d e  t h e  s e c t i o n  
d e s i r e d .  The program should  s e a r c h  t h e  element  d a t a  and f i n d  
a l l  elements l y i n g  f u l l y  i n  t h i s  space .  Some e lements  w i l l  
connec t  t o  g r i d s  i n  t h e  space .  These a r e  t o  be  removed, and 
f o r c e s  a r e  t o  be  c a l c u l a t e d  t o  app ly  t o  t h e  g r i d s  t o  which 
they  ?-re cmnected.  The fo l lowing  s u b s t i t u t i o n s  w i l l  be made. 

I 

0 Rod - The ax ia l  l oad  a long  t h e  rod  a x i s  and t h e  t o r q u e  
a long  t h e  rod  a x i s  w i l l  be s u b s t i t u t e d .  

0 Bar - The ax ia l  l oad  a long  t h e  b a r  a x i s ,  t h e  t o r q u e  a long  
t h e  b a r  a x i s ,  end t h e  moments and t h e  s h e a r  i n  two p l a n e s  
a t  t h e  a p p r o p r i a t e  end w i l l  b e  s u b s t i t u t e d .  

0 Shear  p a n e l  - The a p p r o p r i a t e  c o r n e r  f o r c e s  t o  compute 
t o t a l  l o a d s  on g r i d s  i n  s e l e c t e d  space  w i l l  b e  s u b s t i t u t e d .  

0 T r i a n g u l a r  membranes - The c o r n e r  force;; w i l l  n o t  b e  a v a i l -  
a b l e ,  so approximate v a l u e s  must b e  compLted. S t r e s s  a long  
t h e  a p p r o p r i a t e  d i r e c t i o n  w i l l  be  m u l t i p l i e d  by l e n g t h  and 1 

t h i c k n e s s  t o  o b t a i n  t o t a l  f o r c e .  T h i s  t o t a l  f o r c e  w i l l  be  
d i v i d e d  ii: o n e - t h i r d  and t w o - t h i r d  p r o p o r t i o n s  f o r  c o r n e r  
i o r c e s .  

I 

There  s h o u l l  be a t  l e a s t  two methods of  d e f i n i n g  t h e  t h r e e -  
d imens iona l  space  t o  be  used i n  a n a l y z i n g  a s e c t i o n .  
f i r s t  w i l l  be  by e n t e r i n g  t h e  parameters  X1, X 2 ,  Y1, Y2, Z1, 
and Z 2 ;  t h e  second by d e f i n i n g  e i g h t  p o i n t s  i n  s p a c e  by 
c o o r d i n a t e s  X i  and Y1. 

The 

The c a p a b i l i t y  t o  p l o t  t h e  s t r u c t u r a l  e lements  t h a t  occupy 
t h e  s e l e c t e d  space  shou ld  e x i s t ,  and f o r c e  v e c t o r s  w i t h  
magnitudes should  be shown. The p l o t s  should  be l a b e l e d  
s u f f i c i e n t l y .  
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10 .  

11. 

1 2 .  

1 3 .  

1 4 .  

S C - 4 0 2 0  language d a t a  t a p e s  w i l l  be gene ra t ed  t o  b e  prc:essed 
i n t o  modal movies on 1 6 - m i l l i m e t e r  movie f i l m .  T h e  r e q u i r e -  
ments of t h i s  c a p a b i l i t y  a r e  d e t a i l e d  i n  ano the r  s e c t i o n  of 
t h i s  document. 

Modal movies w i l l  b e  gene ra t ed  t o  b e  viewed a t  t h e  Adage 
u s e r ' s  console .  The r equ i r emen t s  o f  t h i s  c a p a b i l i t y  a r e  
d e t a i l e d  i n  ano the r  s e c t i o n  o f  t h i s  document. 

App l i ca t ion  program i n p u t  f i l e s  can  b e  gene ra t ed .  In  t h i s  
o p t i o n ,  t h e  NASTRAN S o r t e d  Data F i l e  should  b e  c r e a t e d  as  an 
a p p l i c a t i o n  program i n p u t  f i l e .  T h i s  o p t i o n  should  p rov ide  
t h e  u s e r  w i t h  a menu o f  p o s s i b l e  a p p l i c a t i o n  program i n p u t  
f i le : ;  t h a t  can  b e  g e n e r a t e d ;  t h e  f i l e  should  b e  gene ra t ed  
acco rd ing  t o  t h e  format  o f  t h e  f i l e  s e l e c t e d  by t h e  u s e r  
( d e s c r i b e d  i n  t h e  appendix) .  A T i l e  name should  be  s u p p l i e d  
by t h e  u s e r  f o r  s t o r i n g  t h e  c r e a t e d  f i l e .  C u r r e n t l y ,  on ly  
one f i l e  w i l l  e x i s t  i n  t h i s  menu: t h e  program i n p u t  f i l e  t o  
F a t i g u e  Assessment p r o c e s s i n g .  

Gr id  d i sp lacemen t s  t o  A f i n e r  model - can be  g e n e r a t e d .  T h i s  
o p t i o n  should  b e  u t i l i z e d  t o  t a k e  t h e  g r i d  p o i n t  d i s p l a c e -  
ments t o r  a s p e c i f i e d  s e t  of nodes and c rea t r .  a s e t  of s i n g l e  
p o i n t  c o n s t r a i n t  (SPC) c a r d  images t o  b e  i n p u t  t o  a subse -  
q u e n t ,  though more d e t a i l e d  a n a l y s i s .  The u s e r  should  inpu t  
t h e  SPC i d e n t i f i c a t i o n  number a long  w i t h  t h e  s e t  of  g r i d  
p o i n t s  d e s i r e d .  An o p t i o n  should  e x i s t  t o  a l t e r  t h e  g r i d  
p o i n t  numbers t o  cor respond t o  t h e  new model. T h e  d a t a  
needed f o r  p r o c e s s i n g  should be accessed  from t h e  ,VAS'TKAN 
Output-2 F i l e  by r e f e r e n c i n g  c a s e  numbers. A f i l e  name 
should  be s u p p l i e d  by T h e  u se r  f o r  s t o r i n g  t h e  c r e a t e d  f i l e .  

Demand program i n p u t  f i l e s  can be  g e n e r a t e d .  In t h i s  o p t i o n ,  
t h e  NASTkAN Sor t ed  Data F i l e  should be c r e a t e d  a s  a demand 
program i n p u t  f i l e .  This  o p t i o n  should  p rov ide  t h e  u s e r  
w i th  a menu of p o s s i b l c  demand program inpu t  f i l e s  t h a t  can 
be  g c n c r a t e d ,  and based on t h e  u s e r ' s  c h o i c e ,  t h e  f i l c  > n o u l d  
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1 5 .  

be  gene ra t ed  accord ing  t o  t h e  fAle  format  ( d e s c r i b e d  i n  t h e  
appendix) .  A f i l e  name should  be s u p p l i e d  by t h e  u s e r  f o r  
s t o r i n g  t h e  c r e a t e d  f i l e .  C u r r e n t l y ,  on ly  one f i l e  (NASTRAN 
Sor t ed  Data F i l e )  w i l l  e x i s t  i n  t h i s  menu. This  f i l e  w i l l  
be used i n  t h e  n e x t  demand program f o r  computing i n t e r n a l -  
t o - e x t e r n a l  l oad  r e l a t i o n s h i p s .  The NASTRAN S o r t e d  Data 
F i l e  w i l l  be c r e a t e d  by addres s ing  t h e  NASTRAY Outprct-2 F i l e  
by c a s e  number and r e t r i e v i n g  t h c  element geometry and s t ress  
d a t a .  Element s t resses  f o r  a t  l eas t  s i x  cases are r e q u i r e d  
f o r  p rocess ing .  These cases must match i d e n t i c a l l y  t h e  body 
load  cases of  t h e  Body Loads F i l e ,  which w i l l  be used i n  t h e  
same program. The u s e r  h i 1 1  be ’- , le  f o r  v e r i f y i n g  
t h a t  t h e  c a s e s  a re  compat ib le .  

NASTRAN con tour  p l o t s  w i l l  b e  g e n e i q t z  ,>e viewed a t  t h e  
Adage u s e r ’ s  console .  The o p t i u n  W L ~ *  ,ow t h e  de. . g n  e n g i -  
n2e r  t o  immediately i d e n t i f y  t h e  c r i t i c a l  d e s i g n  a r e a s  and 
a i d  i n  t h e  e v a l u a t f m  of  t h e  large at ,ount  of  d a t a  g e n e r a t e d  
i n  a t y p i c a l  AASTRAN a n a l y s i s .  The user w i l l  be A b l e  t o  
select  NASTRAN o u t p u t  d a t a  t o  be p l o t t e d ,  such as s t resses ,  
d i sp lacemen t s ,  and mode shapes f o r  planform s u r f a c e s  o f  t h e  
s t r u c t u r e .  The u s e r  w i l l  b e  r e q u i r e d  t o  d e f i n e  t h z  s u r f a c e  
t c  be  p l o t t e d  by e n t e r i n g  g r i d  p o i n t  s e t s  and t o  select  from 
a menu t h e  p l o t  o r  p l o t s  t o  be  made. Also ,  t h e  user  w i l l  be 
r e q u i r e d  t o  s e l e c t  t h e  load ing  c o n d i t i o n  f o r  t h e  p l o t s .  

This  p l o t t i n g  o p t i o n  w i l l  cause  t h e  NASTRAN i n p u t  d a t a  t o  ’ 

searched  t o  de te rmine  t h e  g r i d  numbers and elements  t o  be 
inc luded  i n  t h e  s u r f a c e  and the  NASTRAN ou tpu t  d a t a  t o  b e  
searched  f o r  t h e  d e f l e c t i o n s ,  s t resses ,  and mode shapes t h a t  
correspond t o  t h e  g r i d  numbers and e lements .  

A f t e r  t h e  s e l e c t e d  o p t i o n s  have been execu ted ,  t h e  user should  be 
a b l e  t o  d i s p l a y  t h e  NASTRAN Sor t ed  Data ‘ . l e  on :::le t e r m i n a l .  
The type  of d a t a  on t h e  f i l e  w i l l  be dependent on t h e  o p t i o n s  
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s e l e c t e d .  The f i l e  could  c o n t a i n  i n p u t  d a t a  f o r  o t h e r  demand o r  
a p p l i c s t i o n  programs o r  t h e  r e q u e s t e d  terminal d i s p l a y s  g e n e r a t e d  
by t h e  sub func t ions .  

A f t e r  viewing t h e  NASTRAN S o r t e d  Data F i l e ,  t h o  u s e r  should  be  
a h l e  t o  p r i n t  o u t  i n  page s i z e  (8 x 10-1/2 i n c h e s )  t a b u l a r  form 
any alphanumeri, :- type d i s p l a y s  g e n e r a t e d .  After viewing a t e r -  
n i n a l  d i s p l a y  cf  t h e  p l o t s  c r e a t e d  by t h e  demand program, t h e  
u s e r  should  be  a b l e  t o  g e n e r a t 2  SC-4060 c o p i e s  o f  any of  t h e s e  
p l o t s .  

P rocess ing  can  te t e rmina ted  a t  t h i s  p o i n t  o r  c o n t i n u e  t o  t h e  
n e x t  s u b f u n c t i c  

4 . 2 3 . 3 . 3  I n t e r n a l - t o - E x c e - n a i  Load Kela,ionshiD ComDutation 

The nex t  sub func t ion  i n  p r o c e s s i n g  i s  t h e  e x e c u t i o n  of t h e  demand 
program t o  compute i n t e r n a l - t o - e x t e r n a l  load  r e l a t i o n s h i p s .  When 
beginning t h i s  phase ,  t h e  t e r m i n a l  u s e r  should  be r e q u e s t e o  J 

g i v e  t h e  names of t h e  i n p u t  f i l e s  - NASTRAN S o r t e d  Data F i l e  and 
Body Loads F i l e .  The NASTRAN S o r t e d  Data F i l e  may be t h e  f i l e  
j u s t  c r e a t e d  o r  i t  may have been c r e a t e d  d u r i s g  a p r e v i o u s  p o s t -  
processir?g s t e p .  

The Body Loads F i l e  w i l l  c o n t a i n  t h e  shear f o r c e s  and bending 
moments about  three axes  as f u n c t i o n s  of  d e f i n e d  body s t a t i o n s .  
The d a t a  w i l l  be a r ranged  by load  s t a t i o n  (de f ined  b y  C a r t e s i a n  
c o o r d i n a t e s ) ,  fo l lowed by a component i oad  breakdown of t h e  s h e a r s  
and moments. 

A s  many a s  s i x  l cad  c a s e s  can  be r e q u i r e d ,  and since a l l  t h e  c a s e s  
of i n t e r e s t  TPPV Lot be  on one f i l ? ,  tile u s e r  s n o u ? ’  b e  a b l e  t o  
e n t e r  s e v e r a l  ; i l e  n iTes  f o r  t h i s  f i l e .  The u s e r  snoa ld  a l s o  
supply t h e  f i l e  name c f  t h e  o u t p u t  5 i . e  (Load O u t p t  F i l e ) .  
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After t h e  f i l e  names have been v e r i f i e d ,  t h e  t e r m i n a l  u s e r  should 
be r eques t ed  t o  supply  t h e  i n p u t  d a t a .  The s h e a r s  and bending 
moments t o  be used i n  t h e  run  must be i d e n t i f i e d  i f  a l l  t h r e e  
s h e a r s  and a l l  t h r e e  moments a r e  no t  t o  be cons ide red .  The con- 
t r o l  p o i n t s  of  i n t e r e s t  ( i n  terms of C a r t e s i a n  c o o r d i n a t e s )  must 
be inpu t  For use i n  i e t r i e v i n g  t h e  a p p r o p r i a t e  d a t a  sets from 
t h e  Body Lcads F i l e ,  and each  element  se t  t h a t  i s  a s s o c i a t e d  
w i t h  each c o n t r o l  p o i r t  must be i d e n t i f i e d .  Th i s  should  be done 
by a s s i g n i n g  element t y p e s  and numbers t o  each c o n t r o l  p o i n t .  

The demand program should  t h e n  r ead  t h e  NASTRAN Sor t ed  Data F i l e  
and Bcdy Loads F i l e  t o  r e t r i e v e  t h e  d a t a  t o  match t h e  set  of 
load p o i n t s  of  i n t e r e s t .  Components should be summed t o  o b t a i n  
t h e  t o t a l  s h e a r s  and moments a t  d s t a t i o n .  The program should  
c a l c u l a t e  t h e  r e l a t i o n s h i p s  between t h e  c o n t r o l  p o i n t  l o a d s  and 
t h e  set of element stresses as d e f i n e d  by t h e  i n p u t  ( i . e . ,  f o r  
each  c o n t r o l  p o i n t ,  t h e r e  w i l l  e x i s t  some set of  e33ments whose 
stresses car. be c a l c u l a t e d  by assuming t h e  load ing  d i s t r i b u t i o n  
w i l l  change on ly  s l i g h t l y  l o r  t h e  i n p u t  cases and,  t h u s ,  w i l l  1 
a l l ow il l i n e a r  s o l u t i o n  f o r  t h e  fo l lowing  c o e f f i c i e n t s ) .  

Y’ rq - load ma t r ix  a t  c o n t r o l  p o i n t ;  i . e . ,  Vx, V y ,  Vz, Mx, M 

[ A ]  - c o e f f i c i e n t  m a t r i x  d e s i r e d  
MZ 

[ a ]  - element s t r e s s  m a t r i x  

The d i agona l  ma t r ix  can have maximum dimers ions  of 6 x 5 .  

However, i f  a l l  t h e  components o f  load  a t  t h e  c o n t r o l  p o i n t s  of 
i n t e r e s t  a r e  not  t o  be cons ide red ,  t h e  m a t r i x  can be reduced t o  
some va lue  N , such t h a t  1 - < N - c 6 . The r e c t a n g u l a r  m a t r i x  
[ A ]  w i l l  have dimensions N x M , wi th  N de f ined  a s  1 < N - < 6 
ar 1 M being dependent c t h e  t y p e  of element ( i .  e .  , f o r  a r o d ,  
M w i l l  have a va lue  of 2 s i n c s  two element s t resses ,  a x i a l  and 
t o r s i o n ; ’ ,  w i ’ l  be c o . , u t e d  by NASTRAN f o r  r o d s ) .  Each element 

- 
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r type w i l l  have some spec i f i c  set  of  s t resses  comFuted t o  d e f i n e  

t h e  v a l u e  of M . The r e c t a n g u l a r  m a t r i x  [a ]  w i l l  have dimen- 
s i o n s  N x M a s  abctre. The computation of  t h e  [ A ]  m a t r i x  w i l l  
r e q u i r e  t h e  i n v e r s e  of t h e  @J m a t r i x  as i n d i c a t e d  below. 

or  

S ince  t h e r e  w i l l  be as many [a ]  matrices as e lements  a s s o c i a t e d  
w i t h  a g iven  c o n t r o l  p o i n t  and m u l t i p l e  c o n t r o l  p o i n t s  will 
e x i s t ,  a number o f  [ A ]  matrices must b e  c a l c u l a t e d  ( t h e  maximum 
w i l l  be t h e  t o t a l  number o f  e lements  i n  t h e  model). Thcre w i l l  
b e ,  however, on ly  as many r4 m a t r i c e s  as c o n t r o l  p o i n t s  s e l e c t e d ;  
consequent ly ,  t h e s e  mJtrices can  be used r e p e a t e d l y  to compute 
t h e  [ A ]  matrices. 

ExecutiLn of t h i s  demand p r o c e s s  w i l l  y i e l d  t h e  Load Output 
F i l e .  T h i s  f i l e  shou ld  c o n t a i n  t h e  c o n t r o l  p c i n t , ,  t h e  
a s s o c i a t e d  elet 'ent  se ts ,  and t h e  c o e f f i c i e n t  matrices r e l a t i n g  
t h e  clemezt  stresses t o  t h e  c o n t r o l  p o i n t  l oads .  

Process ing  cdrl be  teyminated a t  t h i s  p o i n t  o r  con t inue  t c  t h e  
n e x t  sub f u n c t  ion .  

3.23.3.1 I n t e r n a l  Loads ComDutation 

T h e  exccut io-  Ff t h e  demand program t o  compute i n t e r n a l  loads  
w i l l  be t h e  : t  p rocess ing  s-ibfunction. 'The u s e r  shol;ld A d e n -  
t i f y  t h c  [;me of  t h e  inpu t  , ' i l e  as  t h e  Load J Q t p u t  F i l e  j u s t  
c r e a t e d  o r  c r e a t e d  du r ing  8 previous  postkbrocessing s t e p .  T h -  
i npu t  should cause  s e l e c t i o n  of  .-he c o n t r o l  po i rLts  of  i n t e r e s t  
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w i t h  311 a s s o c i a t e d  e lements  i n  t h a t  s e t  o r  some s p e c i f i e d  number 
of  elemeuts i n  t h a t  se t .  An a l t e r n a t e  method should  a l low t h e  
u s e r  t o  i n p u t  element types  and numbers and have t h e  program 
s e l e c t  t h e  a p p r o p r i a t e  c o e f f i c i e n t  matrices r e q u i r e d  from t h e  
Load Output F i l e .  Then t h e  va lues  of  s h e s r s  and bending moments 
a t  t h e  c o n t r o l  p o i n t s  of i n t e r e s t  must be  i n p u t  f o r  each case .  

A f t e r  t h e  c o n t r o l  p o i n t s  and t h e i r  s e l e c t e d  e lements  have been 
inpu t ,  t h e  demand program w i l l  t a k e  t h e  l o a d s  a t  t h o s e  c o n t r o l  
p o i n t s  and compute stresses f o r  t h e  elements  o f  t h a t  set. 
These stresses w i l l  be c a l c u l a t e d  a s  fo l lows :  

where t h e  m a t r i c e s  a r e  t h o s e  d e s c r i b e d  i n  t h e  p rev ious  phase of 
t h i s  s e c t i o n .  Once z t r e s s e s  are computed f o r  a l l  c o n t r o l  p o i n t s  
and a l l  cases, t h e  r e s u l t i n g  stress d a t a  w i l l  be s t o r e d  i n  a 
temporary o u t p u t  f i l e .  

The temporary o u t p u t  f i l e  w i l l  n o t  be saved a f t e r  t e r m i n a t i o n  
of t h e  run.  I t  should  c o n t a i n  t h e  c a s e  numbers, c o n t r o l  
p o i n t s  and a p p l i e d  l o a d s ,  and element i d e n t i f i c a t i o n s  and 
stresses. A l l  t h i s  i n fo rma t ion  should  be a v a i l a b l e  f o r  terminal 
d i s p l a y s .  Disp lays  should  be i n  t h e  form of t a b J a t i o n s  of t h e  
i n p u t  d a t a  and r e s u l t i n g  computed stresses p e r  c a s e  number and 
element.  

4 . 2 3 . 4  OUTPUT 

The fo l lowing  f i l e s  w i l l  be a v a i l a b l e  as  ou tpu t :  

0 Usrr Modal Tape 

8 NASTRAN Sor t ed  Data F i l e  

0 Load Outr*.it F i l e  
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These f i l e s  are defined in the appendix. Tabular printouts o f  
a l l  d isplays  produced i n  the analys is  of  the NASTRAN Output-2 
Fi le  w i l l  a l s o  be avai lable .  
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TERMINAL NASTOF 

1 

OUTPUT FILL 

OUTPUi 
FI Lt. 

::igure 4.23-1. - nata flow diagram for NASTRAN Postproccssing. 
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4 . 2 4  PANEL FLUTTER 

4 . 2 4 . 1  PURPOSE 

This  f u n c t i o n  w i l l  cons i s t  o f  two subfunc t ions .  The f i r s t  sub-  
f u n c t i o n  w i l l  p rov ide  t h e  c a p a b i l i t y  t o  p r e p a r e  an inpu t  d a t a  
f i l e  f o r  t h e  b a t c h  Panel  F l u t t e r  Program. After c r e a t i n g  t h i s  
i n p u t  f i l e ,  t h e  s u b f m c t i o n  w i l l  o u t p u t  t a b u l a t i o n s  o f  t h e  d a t a  
on t h e  f i l e  t o  ensu re  i t  i s  made c o r r e c t l y .  The second sub-  
f u n c t i o n  w i l l  p r o v i d e  t h e  c a p a b i l i t y  of  t a b u l a t i n g  d a t a  from t h e  
Panel  F l u t t e r  Output F i l e .  F igu re  4 . 2 4 - 1  i s  a d a t a  flow diagram 
fo r  Panel  F l u t t e r .  

4.24.2 INPUT 

,iput t o  t h i s  f u n c t i o n  w i l l  be ob ta ined  from d a t a  i n p u t  a t  t h e  
t e r m i n a l  a n 3  from t h e  d a t a  f i l e s  l i s t e d  be lou .  

0 Basic Data F i l e  

0 Standard  Atmosphere F i l e  

6 User Model F i l e  

0 S t i f f n e s s ,  Mass, and Modes F i l e  

0 Panel  F l u t t e r  Output F i l e  

D e t a i l e d  d e s c r i p t i o n s  o f  t h e s e  files can be  found i n  t h e  appendix.  
The u s e r  w i l l  have t h e  c a p a b i l i t y  t o  Iliodify any o f  t h e  d a t a  
ob ta ined  from t h e  above f i l e s  by t h e  u s e  o f  commands i n p u t  a t  
t h e  remote terminal. 

Data i n p u t  a t  t h e  termin31 w i l l  c o n s i s t  o f  c o n t r o l  i n f o r m a t i o n ,  
g r i d  p o i n t  i d e n t i f i - a t i o n ,  g r i d  p o i n t  c o o r d i q a t e s ,  element 
d e f i n i t i o n s ,  and nodal  c o n s t r a i n t s .  This  i npu t  w i l l  be d i scussed  
i n  , e t a i l  i n  t h e  fo l lowing  scc: ion.  

5 PROCESSING 

I., I z n ~ t i o n  w i l l  consis'c o f  two subfunc t ions .  The f i r s t  s u b -  
i l l  p r e p a r e  t h e  Pane' F l u t t e r  Input  F i l e  t o  b e  used 

4 - 2 4 7  

I 



by t h e  b a t c h  Panel  F l u t t e r  Program. The second s u b f u n c t i o n  w i l l  
p rov ide  t h e  c a p a b i l i t y  f o r  t h e  u s e r  t o  examine t h c  d a t a  con-  
t a i n e d  on t h e  Pancl  F l u t t e r  Output Vile. 

4 . 2 4 . 3 . 1  Panel  F l u t t e r  Inpu t  F i l e  P r e p a r a t i o n  

The Panel  F l u t t e r  Input  F i l e  w i l l  b e  p repa red  p r i m a r i l y  from 
t e r m i n a l  i n p u t ,  w i t h  some d a t a  be ing  r e t r i e v e d  from t h e  Basic 
Data F i l e  and t h e  S tanda rd  Atmosphere F i l e .  A t  t h i s  time, t h e  
NASTRAN Program does n o t  have a bending p l a t e  e lement  compat ib le  
w i t h  t h e  Panel  F l u t t e r  Program fo rmula t ion .  T h e r e f o r e ,  t h e  
S t i f f n e s s ,  Mass, and Modes F i l e  (which i s  o u t p u t  by NASTRA!!) 
and t h e  User Model F i l e  a r e  n o t  r e q u i r e d  a t  t h i s  time. When 
NASTRAN is updated  t o  c o n t a i n  t h e  d e s i r e d  e lement  f o r m u l a t i o n ,  
t h e s e  two f i l e s  w i l l  t hen  be  r e q u i r e d .  

Informat ion  from t h e  Basic Data F i l e  and t h e  S tanda rd  Atmosphere 
F i l e  w i l l  be gsed i n  de t e rmin ing  t h e  Mach number, dynamic p r e s -  
s u r e ,  and f r e e - s t r e a m  v e l o c i t y .  I f  a Basic Data F i l e  is a v a i l -  
a b l e ,  t h e  u s e r  w i l l  i n p u t  t h e  t r a j e c t o r y  I D  number and t h e  f l i g h t  
time a t  t h e  t e r m i n a l .  Using t h e s e  two p a : a m e t e r s ,  t h e  Mach 
number, dynamic p r e s s u r e ,  and free-stream v e l o c i t y  w i l l  be 
r e t r i e v e d  from the Basic ilata F i l e .  

I f  a Basic Data F i l e  i s  n o t  a v a i l a b l e ,  t h e  Mach number (M) and 
a l t i t u d e  w i l l  be i n p u t  a t  t h e  t e r m i n a l .  Using t h i s  a l t i t u d e ,  
t h e  a i r  d e n s i t y  (P-’ and speed of  sound ( C )  w i l l  be r e t r i e v e d  
from t h e  S tandard  .nosphere F i l e .  The f r e e - s t r e a m  v e l o c i t y  ( V )  
w i l l  be compilted a s  fo l lows :  

V = MC 

The dynamic p r e s s u r e  (9) w i l l  Ire computed a s  fo l lows :  

1 2 
2 a  q = - P  v 
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A f t e r  de t e rmin ing  t h e  Mach number, dynamic p r e s s u r e ,  and f r e e -  
s t ream v e l x i t y ,  t h e  fo l lowing  d a t a  w i l l  be i n p u t  a t  t h e  terminal:  

0 Plate t h i c k n e s s  

0 Poi s son ' s  r a t i o  

0 Young's modulus 

a Mass d e n s i t y  of p l a t e  

a Panel F l u t t e r  Program c o n t r o l  o p t i o n s  which are d e s c r i b e d  
i n  t h e  computer program documentation f o r  Panel  F l u t t e r  
Program (Program G131). 

a 1 4 4 - c h a r a c t e r  t i t l e  

e Grid p o i n t  I D  numbers 

0 Grid p o i n t  c o o r d i n a t e s  

0 Grid p o i n t  e x t e r n a l  I D  numbers 

0 D e f i n i t i o n  of e lements  

0 Nodal c o n s t r a i n t s  

After  t h e s e  d a t a  a r e  i n p u t ,  they  w i l l  be t a b u l a t e d  f o r  u se r  v e r i -  
f i c a t i o n  and then  fo rma t t ed  and o u t p u t  on t h e  Panel  F l u t t e r  input  
F i l e .  The program w i l l  thcr, r e c y c l e .  'he u s e r  can c r e a t e  a s  
many f i l e s  on t h e  Panel  F l u t t e r  Input  F i l e  a s  he w i s h e s .  

4 . 2 4 . 3 . 2  Panel F l u t t e r  Output F i l e  Display 

When this  subfunc t ion  i s  s e l e c t e d ,  t h e  user  must i npu t  t h e  namc 
of t h e  f i l e  t o  b e  d i s p l a y e d .  Each Panel F l u t t e r  Output F i l e  
can c o n t a i n  s e v e r a l  f i l e s  of  d a t a .  Each f i l e  w i l l  be i n  t h e  
same format  s o  t h e  program w i l l  have one d i s p l a y  format f o r  a l l  
f i l e s .  This  d i s p l a y  format should t a b u l a t e  t h e  fo l lowing  d a t a  
from each f i l e :  

0 1 4 4 - c h a r a c t e r  t i t l e  informat ion  

e Number of g r i d  p o i n t s  
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0 Smal l e s t  g r i d  p o i n t  ID 

0 Larges t  g r i d  p o i n t  I D  

0 Number of  e l emen t s  

0 Grid  p o i n t  I D  and g r i d  p o i n t  c o o r d i n a t e s  f o r  each  g r i d  p o i n t  

0 Element nodes f o r  each  element 

0 First  n a t u r a l  f requency  of i n p u t  pane l  

0 Second n a t u r a l  f requency  o f  i n p u t  p a n e l  

e Calcu la t ed  f l u t t e r  f requency  

e C a l c u l a t e d  dynamic p r e s s u r e  a t  f l u t t e r  f requency  

4 . 2 4 . 4  OUTPUT 

Output from t h i s  f u n c t i o n  w i l l  c o n s i s t  of  t h e  Panel  F l u t t e r  Inpu t  
F i l e ,  t h e  Pane l  F l u t r e r  Output  F i l e ,  and t a b u l a t i o n s  o f  t h e  d a t a  
c o n t a i n e d  on t h e  Panel  F l u t t e r  Inpu t  F i l e  and t h e  Panel F l u t t e r  
Output F i l e .  
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TERMINAL 
INPUT 

PANEL 

!NPIIT 
F I L E  

NORMAL BATCH FLUTTER 
r------ 1 
i n  I 

F i g u r e  4.24-1. - Data f low diagram for Panel  F l u t t e r .  
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4.25 POGO STABILITY 

4 . 2 5 . 1  PURPOSE 

This f u n c t i o n  w i l l  p rov ide  t h e  demand c a p a b i l i t y  t o  p r e p a r e  d a t a  
f i l e s  f o r  i n p u t  t o  t h e  P ropu l s ion  System Model C h a r a c t e r i s t i c s  
Program (PSMC) and t h e  S t a b i l i t y  P rep rocesso r  Program (SPP). 
Also inc luded  w i l l  be  ':he a b i l i t y  t o  g e n e r a t e  g r a p h i c a l  and t a b -  
u l a r  d i s p l a y s  of  d a t a  con ta ined  on t h e  NASA POGO S t a b i l i t y  Pro-  
gram (NAPSAP) Output Data F i l e  and t h e  L inea r  Systems Dynamics 
Program Output  F i l e .  F igu re  4.25-1 i s  t h e  d a t a  f low diagram f o r  
POGO S t a b i l i t y .  

4.25.2 INPUT 

The i n p u t  t o  t h i s  f u n c t i o n  w i l l  c o n s i s t  of  t h e  fo l lowing :  
e The F e e d l i n e  Modal Data F i l e ,  ( i n  User Modal F i l e  f o r m a t ) ,  which 

w i l l  be o u t p u t  by t h e  NASTRAN-to-FRISBE Modal Tape Conversion 
Program (NASTOF), i s  r e q u i r e d  when p r e p a r i n g  t h e  3 e l e c t e d  Feed- 
l i n e  Data F i l e .  

Modal D a t a  F i l e  f o r  t h e  S t a b i l i t y  P rep rocesso r  Program. 
0 The User Modal F i l e  i s  r e q u i r e d  when p r e p a r i n g  t h e  S e l e c t e d  

0 The NAPSAP Output Data F i l e  i s  r e q u i r e d  f o r  t h e  g e n e r a t i o n  of 
t a b u l a r  and g r a p h i c a l  d i s p l a y s  of i t s  d a t a .  

0 The Linear  Systems Dynamics Program Output  F i l e  i s  r e q u i r e d  
f o r  t h e  g e n e r a t i o n  of t a b u l a r  and g r a p h i c a l  d i s p l a y  of t h e  
d a t a  c o n t a i n e d  i n  t h a t  f i l e .  

The i n t e r a c t i v e  i n p u t  c a p a b i l i t y  of t h e  remote t e r m i n a l  w i l l  be 
used i n  c o n j u n c t i o n  w i t h  t h e  p reced ing  i n p u t  methods.  

4.25.3 PROCESSING 

Process ing  r cqu i r emcn t s  o f  t h i s  f u n c t i o n  can b e  s e p a r a t e d  i n t o  
two a r e a s :  

0 S e l e c t i o n  of modal d a t a  and c r e a t i o n  of an i n p u t  f i l e  f o r  t h e  
b a t c h  a n a l y s i s  programs 
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0 Genera t ion  of t a b u l a r  and g r a p h i c a l  d i s p l a y s  from inpu t /ou tpu t  
f i l e t  used by t h e  demand f u n c t i o n  

In t h e  s e l e c t i o n  o f  modal d a t a ,  t h e  u s e r  w i l l  be r e q u i r e d  t o  
i d e n t i f y  t h e  User Model F i l e  t o  be a s  i n p u t .  After t h e  f i l e  has  I ~ C C ~ I I  
a s s i g n e d ,  t h e  program w i l l  i d e n t i f y  t h e  d a t a  s e t s  conta ined  i n  
t h e  f i l e  and k i l l  r e q u e s t  t h e  user t o  se lec t  t h e  d a t a  s e t  which 
is  r e q u i r e d .  The program w i l l  t h e n  d i s p l a y  t h e  t i t l e  block from 
t h e  s e l e c t e d  d a t a  se t  f o r  v a l i d a t i o n .  

A t  t h i s  p o i n t ,  t h e  program w i l l  a l l ow t h e  u s e r  t o  d i s p l a y  t h e  
modal d a t a ,  se lec t  t h e  deg rees  of freedom, and se l ec t  t h e  Format. 
The u s e r  must be  al lowed t o  s e l ec t  t h e  modes o r  deg rees  of  freedom 
e i t h e r  i n d i v i d u a l l y ,  i n  groups ,  o r  by i n d i c a t i n g  a l l .  

After t h e  s e l e c t i o n  has  been made, t h e  program w i l l  p rov ide  a 
d i s p l a y  of  on ly  t h e  s e l e c t e d  d a t a .  T h e  modal d a t a  w i l l  be d i s -  
played u s i n g  two t a b u l a r  f w m a t s .  The f i r s t  t a b u l a r  d i s p l a y  w i l l  
c o n t a i n  d a t a  which d e s c r i b e  each node. F igu re  4 . 2 5 - 2  i s  an 
example of t h i s  t ype  of  d i s p l a y .  T h e  second d i s p l a y  ( f i g .  4 . 2 5 - 3 )  
w i l l  c o n t a i n  t h e  mode ve r sus  f requency t a b l e .  Each tb ; !?  w i l l  be  
d i s p l a y e d  a page a t  a tjme, and t h e  u s e r  w i l l  c o n t r o l  t h e  advancc- 
mcnt. The u s e r  w i l l  hay t h e  c a p a b i l i t y  t o  t e r m i n a t e  t h e  d i s p l a y  
a t  any time and s e l e  anothe;. program o p t i o n .  

Another method f o r  s e l e c t i n g  modal d a t a  w i l l  be through t h e  use  
of  modal ga in .  In  t h i s  case ,  t h e  u s e r  w i l l  s e l ec t  t h e  modes and 
degrees  of freedom e i t h e r  i n d i v i d u a l l y ,  i n  g roups ,  o r  by i n d i -  
c a t i n g  a l l ,  and t h e  i n p u t  f i l e  w i l l  be  used t o  o b t a i n  ;WI f o r  
each s e l e c t e d  mode. One o f  t h e  fo l lowing  expres s ions  w i l l  b e  
e v a l u a t e d  f o r  each s e l e c t e d  mode and degree  of  freedom. 

PHI(I)**2 
GMASS Modal g a i n  = 
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Modal g a i n  = PHI(I)*PHI~J)/GM.4.SS 

where 

PHI(1) -modal  d i sp lacement  of  I t h  s e l e c t e d  degree  of  freedom 

PHI(J) - modal d isp lacement  of  s e l e c t e d  r e f e r e n c e  degree  o f  
freedom 

GMASS - g e n e r a l i z e d  mass 

These computed v a l u e s  w i l l  be  o rde red  i n  descending magnitude 
and d i s p l a y e d  f o r  each degree  of  f r eedox .  ( I f  (1) i s  u s e d ,  
PHI(J) = ?HI(I).) Figure  0.25-2 is an example of t h i s  d i s p l a y .  

The u. w i l l  a l s o  have t h e  c a p a b i l i t y  of o r d e r i n g  t h e  mode 
numbers by t h e  number of  occur rences  and d i s p l a y i n g  them as  
shown i n  f i g u r e  4 . 2 5 - 5 .  A d d i t i o n a l l y ,  t h e  s e l e c t e d  modal d a t a  
-.-zrsus s e l e c t e d  mode numbers a r e  t o  be d i s p l a y e a  a s  shown i n  
f i g u r e  4 .25 -6 .  

4 . 2  5 . 4  OUTPUT 

Most of t h e  o u t p t  from t h i s  f u n c t i o n  i s  d e s c r i b e d  i i  p rev ious  
s e c t i o n s .  Add i t iona l  o u t p u t  w i l l  co~:; , ist  of  t a b u l a t i o n s  and 
,craphics .  F igu re  4 . 2 5 - 7  i s  an example of a f requency v e r s u s  
damping d i s p l a y .  The d a t a  f o r  t 5 i s  d i s p l a y  w i l l  be o b t a i n e d  
from f i l e s  c r e a t e d  by t h i s  f u n c t i o n .  The g r a p h i c a l  d i s p l a y s  
w i l l  c o n s i s t  of  p l o t s  of magnitude v e r s u s  phase a n g l e  o f  t h e  
e i g e n v e c t o r s  w i th  deg rees  of freedom numbers. F igu re  4 . 2 5 - 8  i s  
an example o f  t h i s  d i s p l a y .  
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F i g u r -  4 . 2 5 - 1 .  - Data flow diagram Tor I’OCO S t ; i h i l i t y  

4-255 



NODE NODE DEGREES 
ID X Y z DESCRIPTION/WAME OF FREEDOM 

1 270.00 0.00 346.00 FUSELAGE ORB STA Xt270.0  13 
2 327.84 21.00 329.34 FWD L A N D I N G  GEAR - DRAG 13 
3 346.00 0.00 371.00 ORBITER RCS TANKS C.G. 1 3  
4 375.50 21 .00  298.00  FWD LANDING GEAR - M A I N  13 
5 378.09 0.00 353.20 FUSELAGE ORB STA X=378.0 13 

Figure 4.25-2.  - Node identification display. 

MODE FREQUENCY MODE FREQUENCY 
NUMBER RADS 1 S EC H Z  NUMBER RADS/SEC H Z  

1 14.994 2.3864 2 21.878 3.4821 
3 27 .328 4.3493 4 32.163 5 .1188 
7 42.356 6.7412 8 46.050 7.3291 
9 48.606 7.7359 10 51.769 8 .2292 

Figure 4 .25 -3 .  -Mode versus frequency display. 
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FIRST-100 ORDERED MODAL GAINS, PHI(I)= 621, PHI((])= 631 

MODE GAIN MODE GAIN MODE G A I N  

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 .65713f-03 51 .649503-03 
43 -567410-03 31 .541321-03 8 .387945-03 

Figure 4.25-4. - Display of modal gain for 
s e l e c t e d  degree of  freedom. 

THE ORDERED MODE SAVE ARRAY ACCORDING TO 
NUMBER OF OCCURANCES IS 

MODE OCCURRED MODE OCCURRED MODE OCCURRED 

8 3 
9 3 
3 2 

6 3 
5 3 

10 1 

2 3 
1 2 
4 1 

Figure 4.25-5. - Display of ordered mode savt  
array aceorzing t o  number of occurrences. 
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SELECTED MODAL DATA 
FOR MODE NUMBER 1 

FREQ I N  RADS/SEC 
12.387 

FREQ I N  HZ 
1.971 

DOF P H I  
631 - .17 590733+01 
641 -.14110537+01 

DO F P H I  
623 .29012012+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 

FREQU ENCV 
(RADS/SEC ) 

14.794 
17.838 
54.558 
69.625 
93.213 

121.364 

FREQUENCV 
(W 
2.3545 
2.8390 
8.6832 

11.0812 
14.8353 
19.3157 

DAMPING 
(PERCENT CRITICAL) 

.80358 
23.43909 

6.77594 
.98263 

3.10567 
18.59779 

_-  
I I .. 

Figure 4.25-7. - Frequency versus damping d i s p l a y .  



c 

180.00 

L7 5 FREQ- 17.773 HZ, DAMP= 1.0239 

90.0 

360.00 

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  f u n c t i o n  w i l l  p rov ide  s e c t i o n  p r o p e r t i e s  and a l l o w a b l e s  d a t a  
f o r  t h e  stress a n a l y s i s  o f  s t i f f e n e d  p a n e l s  and b u i l t - u p  beams. 
A f i l e  o f  s e c t i o n  p r o p e r t i e s  w i l l  b e  c r e a t e d  and w i l l  be  a v a i l -  
a b l e  f o r  u s e  by o t h e r  ISAS f u n c t i o n s  and b a t c h  programs. 
F igu re  4 .26-1  is a d a t a  f low diag;am ob t h e  P r o p e r t i e s  and 
Allowables  f u n c t i o n .  

4.26.2 INPUT 

The i n p u t  d a t a  r e q u i r e d  by t h i s  f u n c t i o n  can be o b t a i n e d  from 
t h e  Basic S t r u c t u r a l  Dimensions F i l e ,  Model Material F i l e ,  and 
manual i n p u t .  The Basic S t r u c t u r a l  Dimensions F i l e  w i l l  c o n t a i n  
t h e  s e c t i o n  dimensions and element  p r o p e r t i e s  o f  t h e  model 
gene ra t ed  by t h e  u s e r .  
i s  c o n t a i n e d  i n  t h e  appendix.  The Model Material F i l e  w i l l  con- 
t a i n  model m a t e r i a l  p r o p e r t i e s  t h a t  w i l l  be  g e n e r a t e d  by t h e  
u s e r  from t h e  User Model F i l e ,  Model Temper?ture F i l e ,  and t h e  
Material Data F i l e .  

The format  and d e s c r i p t i o n  o f  t h e  f i l e  

The i n p u t  i n fo rma t ion  r e q u i r e d  f o r  t h i s  f u n c t i o n  w i l l  be i n  terms 
of t h e  c o o r d i n a t e s  o f  t h e  s t a t i o n s  w i t h i n  t h e  modeled r e g i o n s  
v e r s u s  t h e  m a t e r i a l  p r o p e r t i e s .  In  g e n e r a l ,  t h e  o n l y  in fo rma t ion  
needed w i l l  be  t h e  m a t e r i a l  compressive modulus, material t e n -  
s i l e  u l t i m a t e  s t r e s s ,  P o i s s o n ' s  r a t i o ,  m a t e r i a l  compressive y i e l d  
stress,  and m a t e r i a l  s h e a r  stress a l lowab le  a t  t h e  d e s i g n  tempera 
t u r e .  The manual i n p u t  c a p a b i l i t y  must a l l c w  f o r  t h e  i n p u t  o r  
m o d i f i c a t i o n  of any of t h e s e  d a t a .  

4 .26.3 PROCESSING 

For each s t a t i o n ,  t h e  program w i l l  o b t a i n  t h e  s t a t i o n  c o o r d i n a t e s  
( X ,  Y ,  and 2)  and t h e  geometry parameters  (b, t ,  R ,  $)  from t h e  
Basic  S t r u c t u r a l  Dimensions F i l e .  The Model M a t e r i a l  F i l e  w i l l  
t hen  be used a s  inpu t  t o  r e t r i e v e  t h e  m a t e r i a l  compressiqe 
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modvlus, material t e n s i l e  u l t i m a t e  stress, P o i s s o n ' s  r a t i o  (p), 

m a t e r i a l  compressive y i e l d  stress, and m a t e r i a l  s h e a r  s t r e s s  f o r  
each  s t a t i o n .  The d a t a  from t h e  two f i l e s  w i l l  be  c o r r e l a t e d  
u s i n g  t h e  s t a t i o n  c o o r d i n a t e s .  

In a d d i t i o n  t o  t h e  in fo rma t ion  above, t h e r e  i s  a requi rement  f o r  
t h e  material s e c a n t  and t a n g e n t  moduli t o  c a l c u l a t e  t h e  p l a s t i c -  
i t y  c o r r e c t i o n  f a c t o r s  f o r  each  s t a t i o n .  Most l i k e l y  t h e s e  d a t a  
w i l l  n o t  be  a v a i l a b l e  from t h e  Model Material F i l e  f o r  t h e  des ign  
t empera tu re  be ing  cons ide red .  T h e r e f o r e ,  an o p t i o n  w i l l  a l l ow 
t h e  u s e r  t o  i n p u t  t h e  r e q u i r e d  pa rame te r s  i f  t h e  p l a s t i c i t y  c o r -  
r e c t i o n  f a c t o r  i s  t o  be c o n s i d e r e d  i n  any b u c k l i n g  e q u a t i o n s .  
The d a t a  r e q u i r e d  f o r  i n p u t  w i l l  be  t h e  Ramberg-Osgood pa rame te r s  
which can be  used t o  r e p r e s e n t  t h e  m a t e r i a l  compressive s t r e s s -  
s t r a i n  cu rve  i n  mathemat ica l  terms. The u s e r  w i l l  have t h e  op t ion  
of  i n p u t t i n g  one of  two sets of  d a t a .  The f i r s t  se t  w i l l  be  t h e  
parameters  f o r  t h e  cu rve  shape f a c t o r  n (one v a l u e )  and t h e  
cu rve  s e c a n t  y i e l d  s t r e s s  The second set  w i l l  be  t h e  
in fo rma t ion  from t h e  m a t e r i a l  compressive s t r e s s - s t r a i n  cu rve  
t h a t  can be used t o  c a l c u l a t e  t h e  Ramberg-Osgood pa rame te r s .  This  
d a t a  w i l l  be t h e  0.20 and t h e  0 .05 -pe rcen t  o f f s e t  s t r e s s e s  F O e z 0  

from t h e  curve .  I f  t h e  second s e t  of  d a t a  i s  g iven ,  and F0.05 
t h e  f u n c t i o n  w i l l  be  r e q u i r e d  t o  c a l c u l a t e  t h e  pa rame te r s  from 
t h e  fo l lowing  r e l a t i o n s :  

F O e 7  . 

1 

2 1 4 . 3  E F0.7 

where E i s  compressive modulus. 
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A l l  t h i s  d a t a  must be  saved by s t a t i o n  number and o u t p u t  i n t o  
t h e  Interim P r o p e r t i e s  and Allowables  F i l e .  The program must 
p rov ide  t h e  c a p a b i l i t y  t o  t a b u l a t e  a l l  of t h e  d a t a  c o n t a i n e d  i n  
t h e  I n t e r i m  P r o p e r t i e s  and Al lowables  F i l e .  An example of t h e  
t a b u l a t i o n  format  is shown i n  f i g u r e  4.26-2. The u s e r  must have 
t h e  c a p a b i l i t y  t o  ed i t  a l l  d a t a  d i s p l a y e d  i n  t h e  t a b u l a t i o n s  and,  
t h e r e b y ,  upda te  t h e  f i l e .  

A f t e r  t h e  I n t e r i m  P r o p e r t i e s  and Allowables  F i l e  h a s  been com- 
p l e t e d  and a c c e p t e d ,  t h e  user shou ld  be asked i f  h e  wants t o  
compute s e c t i o n  a l l o w a b l e s .  I f  he s p e c i f i e s  no ,  t h i s  shou ld  
cause  t h e  program t o  t r a n s f e r  and p r e p a r e  s e c t i o n  p r o p e r t i e s  ( s e e  
s e c t i o n  4.26.3.4) .  A yes  c h o i c e  shou ld  cause  t h e  program t o  p r o -  
ceed and c a l c u l a t e  l o c a l  buck l ing  a l lowab les .  Rega rd le s s  o f  t h e  
p a t h  s e l e c t e d ,  t h e  d a t a  g e n e r a t e d  p l u s  t h e  d a t a  from t h e  I n t e r i m  
P r o p e r t i e s  and Allowables  F i l e  w i l l  be o u t p u t  o n t o  t h e  S e c t i o n  
P r o p e r t i e s  and Allowables  F i l e .  

4.26.3.1 Local  Buckling 

Th i s  p a r t  o f  t h e  program w i l l  c a l c u l a t e  t h e  s e c t i o n ' s  l o c a l  
buck l ing  a l lowab le  f o r  each  s t a t i o n .  Due t o  t h e  d i f f e y e n t  d a t a  
t y p e s ,  u s e r  i n p u t  w i l l  d i r e c t  t h e  program t o  t h e  p rope r  l o c a l  
buck l ing  c a l c u l a t i o n .  In  t h e  e v e n t  a f ree  form c o n f i g u r a t i o n  is  
u s e d ,  t h e  program w i l l  d i s p l a y  t h e  d a t a  f o r  each s t a t i o n  b e f o r e  
t h a t  s t a t i o n  i s  p rocessed ,  and t h e  u s e r  w i l l  i d e n t i f y  each  param- 
e t e r .  For a l l  c o n f i g u r a t i o n s  o r  s t i f f e n e d  p a n e l s  ( c o n f i g u r a t i o n  
IDIS 1 t o  l S ) ,  t h e  program w i l l  u s e  t h e  procedure  d e s c r i b e d  i n  
s e c t i o n  4.26.3.1.1 t o  de te rmine  l o c a l  buck l ing  a l l o w a b l e s .  The 
procedure  d e s c r i b e d  i n  s e c t i o n  4.26.3.1.2 w i l l  be used f o r  beam 
c o n i i g u r a t i o n s .  
e x i s t  f o r  t h e  c a l c u l a t i o n  of t h e  l o c a l  buck l ing  equa t ion  us ing  
t h e  p l a s t i c i t y  c o r r e c t i o n  f a c t o r .  The u s e r  may want t o  ignore  
t h i s  f a c t o r  f o r  t h e  c a l c u l a t i o n s ;  f o r  t h i s  c a s e ,  t h e  v a l u e  of n 
should  be a c o n s t a n t  1 . 0 .  

In  each of  t h e s e  procedur  5 ,  u s e r ' s  c h o i c e  w i l l  . 

I 
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4.26.3.1.1 S t i f f e n e d  Panels  0 
The fo l lowing  b a s i c  buck l ing  expres s ion  w i l l  be used f o r  s t i f -  
fened  pane l s  w i t h  c o n f i g u r a t i o n  ID'S 1 through 1 4 .  

where 

FC .- l o c a l  buckl ing  stress 

rl - p l a s t i c i t y  c o r r e c t i o n  f a c t o r  

lJ - Poi s son ' s  r a t i o  

E - material compressive modulus (Young's modulus) 

b ,  t - geometry parameters  from I n t e r i m  P r o p e r t i e s  and Allowables 
F i l e  

- 
- corcpressive buckl ing  c o e f f i c i e n t  ( s e e  f i g .  4 .26-3)  Kc .- 

For t h e  s e m i c i r c l e  c o r r u g a t i o n  semisandwich c o n f i g u r a t i o n  (con- 
f i g u r a t i o n  I D  15), t h e  fo l lowing  equa t ion  w i l l  be used t o  c a l c u -  
l a t e  l o c a l  buckl ing .  

wherc 

n - p l a s t i c i t y  c o r r e c t i o n  f a c t o r  ( c i r c l e )  

R - r a d i u s  from In te r im P r o p e r t i e s  and Allowables F i l e  

K, - compressive buck l ing  c o e f f i c i e n t  ( s e e  f i g .  4 . 2 6 - 6 ,  page 4 - 2 9 4 )  

, %- 

IC 3 
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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 . I f  the panel or element length a is input, the 
program will calculate the element aspect ratio a/b using the 
value of  b from the Interim Properties and Allowables File. 

Both buckling equations will contain a plasticity correcting 
factor 0 or { . 
buckling stress, the program will assume that the values of 
q and are 1.0. I f  the results of the calculation are less 
than the material compressive j-iela stress, then the assumption 
is correct. 
compressive yield stress, an iteration procedure must be performed 
to determine the correct value of rl and 6 . This procedure is 
given below. 

For the first calculation of the element 

However, if the results are higher than the material 

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. 

Et 
ES 
- t  
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where 

- material secant modulus 
E - material compressive modulus 

- material tangent modulus Et 
F - assumed stress 
n - curve shape factor (from previous input or calculation) 

F0.7 - curve secant stress 
3. The nonlinear Poisson's ratio will be calculated from the 

re 1 at ion: 

'IP = 0.5 - ( 2 ) ( 0 . 5  - 

where 

1~ - elastic Poisson's ratio 
The plasticity reduction factor will be calculated from one 
of the following relations. For rectangular elements: 

4 .  

For circular elements: 

1 

5 .  This value will be substituted for r\ or { in the proper 
buckling equation, and the buckli'i,; stress will be 
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recalculated. 
the assumed stress. 

The calculated stress will be compared with 

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. if the calculated stress is higher than the assumed 
stress, then the assumed stress will become the lower 
bound stress, and the stress calculated for q = 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. 

6. Once the upper and lower bound stresses are established, the 
next step will be to average the difference between the two 
and add this to the lower bound stress. This stress will 
then become the assumed stress for the next iteration. 

7. 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. 

8. Steps 6 and 7 will be repeated until the convergence test 
of step 7a is satisfied. 
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1 

ThL: program w i l l  perform each o f  t h e  c a l c u l a t i o n s  shown i n  t h e  
columns o f  t a b l e  4 .26 -1  f o r  t h e  s e l e c t e d  pane l  c o n f i g u r a t i o n  and 
save  t h e s e  d a t a  f o r  t h e  stress c a l c u l a t i o n s  t o  be performed 
l a t e r .  When t h e  l a s t  c a l c u l a t i o n  has  been comple ted ,  t h e  program 
w i l l  compare t h e  s t i f f e n e r  subelement  stresses Lnd se l ec t  t h e  
lowes t  a b s o l u t e  v a l u e  as t h e  l o c a l  b c c k l i n g  s t ress  f o r  t h e  s t a -  
t i o n .  The s e l e c t e d  v a l u e  will be saved and o u t p u t  on t h e  S e c t i o n  
P r o p e r t i e s  and Allowables  F i l e .  The s t i i ' f e n e r  element c t r c s s e s  

f o r  each  clement  of t h e  s t a t i o n  w i l l  a l s o  be saved f o r  l n t c r  use 
i n  t h e  c r i p p l i n g  c a l c u l a t i o n s .  

. I  

4.26.3.1.2 Beam S e c t i o n s  

The l o c a l  buck l ing  e x p r e s s i o n  f o r  b e a m . s e c t i o n s  w i l l  be:  

where 

FC - element  l o c a l  buck l ing  stress 

- compressive buck l ing  c o e f f i c i e n t  Kc 
rl - p l a s t i c i t y  c o r r e c t i o n  f a c t o r  

E: - m a t e r j a l  compressive modulus 

t i ,  bi - geometry pa rame te r s  

11 - P o i s s o n ' s  r a t i o  

The program w i l l  r e t r i e v e  t h e  d a t a  con ta ined  on t h e  I n t e r i m  
Prc - \ r t i es  and Ailowables  F i l e  and s t a r t  t h e  c a l c u l a t i m s  w i t h  
r eg ion  1 ,  s t a t i o n  1. The program w i l l  u s e  t h e  elem:*i)t geometry 
t e rms ,  s t a r t i n g  w i t h  bl  and t l  , a1.d c a l c u l a t e  t h e  buck l i zg  
stress FCi f o r  each  sub{ ?merit. The user w i l l  be  r e q u i r e d  t 
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f u r n i s h  t h e  buckl ing  c o e f f i c i e n t s  Kc for each  s u b e l e a e n t  and 
t h e  edge c o n d i t i o n s .  The users cho ice  for t h e s e  conditions may 
be made from t a b l e  4.26-2 or f i g u r e  4.26-3. These calculations 
need be  performed f o r  on ly  one beam axis. 

The p l a s t i c i t y  c o r r e c t i o n  f a c t o r  n w i l l  have t h e  value of 1.0 
f o r  t h e  f i rs t  c a l c u l a t i o n  of each  subelement.  I f  the r e s u l t i n g  
stress c a l c u l a t i o n  f o r  t h e  subelement is less t h a n  the material 
compressive y i e l d  stress, then  t h e  a s s h p t i o n  t h a t  q is equal 
t o  1.0 w i l l  be  c o r r e c t ,  and t h e  l o c a l  buck l ing  stress for t h e  
subelement w i l l  be s t o r e d  f o r  l a t e r . u s e .  I f  t h e  r e s u l t i n g  stress 
c a l c u l a t i o n  i s  g r e a t e r  t h a n  t h e  material compressive y i e l d  stress, 
then an i t e r a t i v e  procedure w i l l  be r e q u i r e d  t o  f i n d  t h e  c o r r e c t  
va lue  of 0 . This  procedure w i l l  be  t h e  same as f o r  t h e  f l a t  
r e c t a n g u l a r  e lements  ( c o n f i g u r a t i o n s  1 th rough 14)  o f  t h e  s t i f -  
fened panel  concept .  

After t h e  l a s t  subelement c a l c u l a t i o n  has  been completed,  t h e  
program rill s t o r e  t h e s e  l o c a l  buck l ing  va lues  f o r  l a te r  c a l c u -  
l a t i o n s  and compare them w i t h  each o t h e r .  The lowest  a b s o l u t e  
va lue  w i l l  be  t h e  l o c a l  buckl ing  stress f o r  t h e  s e c t i o n .  This  
va lue  w i l l  b e  s t o r e d  i n  t h e  Sec t ion  P r o p e r t i e s  and Allowables 
File. 

4.26.3.2 C r i p p l i n g  Allowable - 
T h i s  subfunct ion  w i l l  a l l c w  t h e  u s e r  t o  cause  t h e  program t o  
c a l c u l a t e  t h e  c r i p p l i n g  a l lowab les  f o r  each s t a t i o n .  The program 
w i l l  be  i n t e r a c t i v e  and a l low t h e  u s e r  t o  c o n t r o l  t h e  flow of  
c a l c u l a t i o n s  and t o  select what d a t a  w i l l  be i n p u t  manually. 

4 .26.3.2.1 S t i f f e n e d  Panel  

The l o c a l  buckl ing  stress FCi 
panel w i l l  b e  c a l c u l a t e d  a s  shown in t h e  p rev ious  s e c t i o n .  Each 
c o n f i g u r a t i o n  o f  t h e  s t i f f e n e d  panel '  w i l l  r e q u i r e  a d i f f e r e n t  

f o r  each element of t h e  s t i f f e n e d  
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equa t ion  t o  calculate c r i p p l i n g  stress, and f o r  convenience ,  
t h e s e  e q u a t i o n s  a r e  shown i n  t a b l e  4 .26 -3 .  These e q u a t i o n s  
should he programmed so t h a t  t h e  user can modify any v a l u e .  
The c a l c u l a t e d  v a l u e s  w i l l  be  saveii and o u t p u t  on t h e  S e c t i o n  
P r o p e r t i e s  and Allowables  F i l e .  

4.26 .3 .2 .2  Beam S e c t i o n s  

I t  is  i m p e r a t i v e  t h a t  t h e  c o r r e c t  lo ' ca l  buck l ing  stress be 
coupied w i t h  t h e  subelement  geometry pa rame te r s  b and t . 
There fo re ,  t h e  user must have t h e  a b i l i t y  t o  monitor  t h e  prograr;  
as w e l l  as make any c o r r e c t i o n s  t h a t  might be  r e q u i r e d .  The 
equa t ion  t o  be used w h i l e  c a l c u l a t i n g  c r i p p l i n g  a l l o w a b l e s  for 
beams is: 

N 
FCibiti 

i=l 
w FCC = 

x b i t i  
i= 1 

where 

N - t h e  number of subelements  a t  a s t a t i o n  

FCi 
b i ,  t i  -- geometry parameters  

FCC - c r i p p l i n g  a l lowab le  

- element  l o c a l  buck l ing  stress 

4.26.3.3 Shear  Buckling Allowables  

T h i s  sub func t ion  i s  r e q u i r e d  t o  c a l c u l a t e  t h e  p a n e l  s h e a r  
buck l ing  a l lowab le .  T h i s  c a l c u l a t i o n  i s  s i m i l a r  t o  t h a t  d e s c r i h e d  
i n  s e c t i o n  4 . 2 6 . 3 . 1 . 1  i n  t h a t  t h e  u s e r  w i l l  be r e q u i r e d  t o  supply 
t h e  pane l  s h e a r  buck l ing  c o e f f i c i e n t  K, t o  complete t h e  c a l c u -  
l a t i o n .  The b a s i c  s h e a r  e x p r e s s i o n  fo l lows .  
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where 

FS - m a t e r i a l  s h e a r  a l lowab le  

rl - p l a s t i c i t y  c o r r e c t i o n  f a c t o r  I 1 

- s h e a r  buck l ing  c o e f f i c i e n t  K 

E - material compressive modulus 

t ,  b - geometry parameters  

kJ - Poisson's r a t i o  

S 

Also,  t h e  u s e r  should  have t h e  a b i l i t y  t o  c o n t r o l  t h e  calculations 
f o r  c a s e s  where t h e  p l a s t i c i t y  cor rec t l ion  f a c t o r  0 is not t o  
h e  cons ide red  ( t h e r e f o r e ,  = 2.0). 

- 
t* j 

The parameters  r e q u i r e d  for t h i s  c a l c u l a t i o n  w i l l  be  ob ta ined  
fro.. t h e  I n t e r i m  P r o p e r t i e s  and Allowables F i l e  w i t h  t h e  excep- I 

t i o n  of t h e  shear buckl ing  c o e f f i c i e n t  K, and t h e  p l a s t i c i t y  I 

c o r r e c t i o n  f a c t o r  n . The shear buck l ing  c o e f f i c i e n t  is a func- ! 

1 t i o n  o f  t h e  pane l  l e n g t h  and pane l  edge c o n d i t i o n s  which w i l l  be 
! s u p p l i e d  by t h e  u s e r .  Table  4 .26 -4  shows t h e  shear buck l ing  
! 

g r e a t e r  than  5 .0 .  Figure  4 . 2 6 - 7  shows t h e  s h e a r  buck l ing  cc f f i -  f < 

c i e n t  t o  be used wi th  p l a t e s  t h a t  have an a s p e c t  r a t i o  less t h a n  
o r  equal  t o  5.0.  In general ,  i t  w i l l  be  assumed t h a t  t h e  boundary $ 

c o n d i t i o n s  used f o r  des ign  w i l l  a lmost  always have e l l  edges 
simply suppor t ed ,  and t h e  pane l  a s p e c t  r a t i o  w i l l  almost always 
be g r e a t e r  than  5 .0 .  For t h e s e  cases, t h e  s h e a r  buck l ing  c o e f f i -  
c i e n t  w i l l  be assumed t o  be c o n s t a n t  a t  5 .35 .  Table 5.26-5  shows 
t h e  panel  geometry parameters  t h a t  w i l l  be r e q u i r e d  f o r  each  of 
t h e  c o n f i g u r a t i o n s .  As noted  i n  t a b l e  4 . 2 6 - 5 ,  some c o n f i g u r a -  
t i o n s  w i l l  r e q u i r e  more than  one c a l c u l a t i o n .  

- 

8 

, 

4 
c o e f f i c i e n t  t o  be used wi th  p l a t e s  t h a t  have an aspect r a t i o  a/b 

1 



-. 

~# The s h e a r i n g  stress c a l c u l a t i o n  w i l l  be f i r s t  made by assuming 
t h a t  t h e  p l a s t i c i t y  c o r r e c t i o n  f a c t o r  rl = 1.0 . If  t h e  c a l c u -  
l a t e d  stress i s  less than  t h e  m a t e r i a l  s h e a r  a l lowab le  from t h e  
I n t e r i m  P r o p e r t i e s  and Allowables F i l e ,  then  t h e  assumption is 
c o r r e c t ,  and t h e  c a l c u i a t e d  stress w i l l  be t h e  s h e a r  buck l ing  
a l lowab le  f o r  t h e  element.  I f  t h e  e s u l t s  are h i g h e r  than  t h e  
material s h e a r  a l lowab le ,  t hen  an i terat ive procedure  must be 
performed t o  de te rmine  t h e  c o r r e c t  v a l u e  of t h e  p l a s t i c i t y  c o r -  
r e c t i o n  f a c t o r  n . T h i s  procedure i s  given  below'. 

1. The c a l c u l a t e d  stress ( f o r  q = 1.0) i s  assumed t o  be t h e  
upper bound stress, and t h e  material shear a l lowab le  i s  
assumed t o  be t h e  lower bound stress. The a c t u a l  s h e a r  
buckl ing  a l lowab le  stress w i l l  l i e  between t h e s e  two l i m i t s .  

2 .  The d i f f e r e n c e  between t h e  upper  and lower bound stresses 
w i l l  be  averaged ,  and t h i s  d i f f e r e n c e  w i l l  be added t o  t h e  
lower bound stress. Th i s  stress w i l l  be t h e  assumed stress 
f o r  t h e  f i r s t  i t e r a t i o n .  

3. The modulus r a t i o  w i l l  be  c a l c u l a t e d :  

where 

- material secant modulus 

E - material compressive modulus 

F - assumed stress 

- curve  s e c a n t  stress F0.7 
4 .  The n o n l i n e a r  Po i s son ' s  r a t i o  will b e  c a l c u l a t e d  from t h e  

r e l a t i o n  shown on t h e  fo l lowing  page. 
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5 .  

6 .  

7. 

P =  P 

where 

. I  

0 .5  - (&5 - p) 

P - e , a c t i c  Poisson s r a t i o  

The p l a s t i c i t y  r e d u c t i o n  f a c t o r  w i l l  b e  c a l c u l a t e d  from t h e  
r e l a t ,  ion: 

This  v a l u e  w i l l  be s u b s t i t u t e d  for  t h e  p l a s t i c i t y  correction 
f a c t o r  i n  t h e  buck l ing  e q u a t i o n ,  and t h e  new buck l ing  stress 
w i l l  be  c a l c u l a t e d .  The new stre'ss w i l l  be  compared w i t h  
t h e  assumed stress. 

a. 

b. 

C .  

I f  t 'ie r e s u l t  i s  0.1 p e r c e n t  o r  less of t h e  assumed 
v a l u e ,  t hen  t h e  .-ssumed stress w i l l  become t h e  element  
s h e a r  buckl ing  stress. Th i s  v a l u e  w i l l  be s t o r e d  f o r  
l a t e r  USC. 

Iz' t h e  c a l c u l a t e d  stress i s  lower t h a n  t h e  assumed stress, 
then  t h c  assumed stress w i l l  become t h e  upper bound 
st ress ,  a:id t h e  maturial  s h e a r  a l lowab le  w i l l  become 
t h e  lower bound ,-,ress. The a c t u a l  buckl ing  stress w i l l  
l i e  between *; 2se two bounds. 

I f  t h e  c;-culated stress i s  h i g h e r  than  t h e  assumed 
s t r e s s  t hen  t h e  assumed stress w i l l  become t h e  lower 
b o w  s t r e s s ,  and t h e  stress c a l c u l a t e d  f o r  rl - 1.0 w i l l  
w l i l  become t h e  *-.pper bound stress.  The a c t u a l  buck l ing  
stress w i l l  l i e  between t h e s e  two bounds. 

Once t h e  upptr and lower bound stresses are  d e f i n e d ,  t h e  
n c x t  s t c ;  d i l l  be t o  average t h e  d i f f e r e n c e  between t h e  two 
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and add t h i s  average  t o  t h e  lower bound stress. Th i s  stress 
w i l l  t hen  become t h e  assumed stress for t h e  next  i t e r a t i o n .  

8. The c a l c u l a t i o n s  f o r  s t e p s  3 through 6 w i l l  b e  pe-forned: 
n e x t ,  t h e  fo l lowing  tests w i l l  be  performed. 

a. I f  t h e  d i f f e r e n c e  between t h e  assumed and c a l c u l a t e d  
stress is 0.1 p e r c e n t  or less of t h e  assumed v a l u e ,  t h e n  
t h e  assumed va lue  w i l l  be t h e  s h e a r  buck l ing  stress f o r  
t h e  element .  

b. If t h e  c a l c u l a t e d  stress is  lower t h a n  t h e  assumed s t ress ,  
then  t h e  assumed stress w i l l  become t h e  new upper  bound 
stress. 

c. I f  t h e  c a l c u l a t e d  stress i s  h i g h e r  t h a n  t h e  assumed 
stress, then  t h e  assumed stress w i l l  become t h e  new lower 
bound stress. 

9. S t e p s  7 and 8 w i l l  be r e p e a t e d  u n t i l  t h e  convergence t e s t  o f  
s t e p  8a i s  s a t i s f i e d .  When a l l  t h e  c a l c u l a t i o n s  f o r  t h e  
chosen panel  c o n f i g u r a t i o n  a r e  completed,  t h e  program w i l l  
compare t h e s e  s h e a r  buck l ing  stresses w i t h  t h e  material s h e a r  
a l lowable .  The lowest  a b s o l u t e  va lue  o f  t h i s  comparison 
w i l l  be t h e  s h e a r  buck l ing  a l lowab le  f o r  t h e  s t a t i o n .  

4.26.3.4 Element S e c t i o n  P r o p e r t i e s  

4.26.3.4.1 S t i f f e n e d  Panels  

F o r  t h e  s t i f f e n e d  panel  concep t ,  t h e  s e c t i o n  p r o p e r t i e s  t o  be 
c a l c u l a t e d  w i l l  be t h e  pane l  e q u i v a l e n t  t h i c k n e s s  t and t h e  
panel  r a d i u s  o f  g y r a t i o n  
t i o n s ,  t h e  u s e r  w i l l  a g a i n  need t o  d e s i g n a t e  which pane l  c o n f i g -  
J r a t i o n  i s  t o  be ana lyzed .  Each c o n f i g u r a t i o n  w i l l  have a se t  
of paramcters  tha t  t h e  program w i l l  havc t o  c a l c u l a t e  from 
t h e  pane l  geomctry de f ined  i n  t h e  In t e r im  P r o p e r t i e s  and 
Allowables F i l e .  Table 4.26-6 shows t h e  a d d i t i o n a l  parameters  
r equ i r ed  f o r  t h e  s e c t i o n  p r o p e r t i e s  c a l c u l a t i o n .  The b a s i c  

- 

pG . In o r d e r  t o  make these c a l c u l a -  
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equa t ions  t o  be used by t h e  program t o  calculate the  section 
p r o p e r t i e s  are as fo l lows .  

ti and rti = - 
ts 

bi 
'bi = 5 

where a, 8 ,  and y are s e c t i o n  p r o p e r t i e s  and d e f i n e d  in Table 4.26-6. 

4 .26 .3 .4 .2  B u i l t - u p  Beams 

For t h e  b u i l t - u p  beam concept ,  t h e  program w i l l  interact w i t h  t h e  
us4r for c o o r d i n a t i o n  of t h e  i n p u t  data. The b a s i c  section prop-  
er t ies  t o  be c a l c u l a t e d  f o r  t h e  b u i l t - u p  beam w i l l  be  t h e  cross- 
s e c t i o n a l  area, t h e  c e n t r o i d  l o c a t i o n ,  t h e  moment of iner t ia  about  

po lar  moment of i n e r t i a ,  t h e  t o r s i o n a l  c o n s t a n t  f o r  t h e  s t a t i o n ,  
and t h e  s h e a r  a r e a s  of t h e  s t a t i o n .  The beam geometry d a t a  w i l l  
be brought i n t o  t h e  program from t h e  I n t e r i m  P r o p e r t i e s  and Allow- 
a b l e s  F i l e  which w i l l  keep t h e  d a t a  f o r  each  a x i s  system s e p a r a t e .  
S t a r t i n g  wi th  r eg ion  1, s t a t i o n  1, t h e  program w i l l  t h e n  c a l c u l a t e  
t h e  d a t a  r e q u i r e d  f o r  each element .  A sample beam c a l c u l a t i o n  i s  
shown i n  f i g u r e  4 . 2 6 - 8 .  Procedures  f o r  t h e s e  c a l c u l a t i o n s  w i l l  
be as  fo l lows .  

t h e  beam a x i s ,  t h e  r a d i i  of g y r a t i o n  about  t h e  beam a x i s ,  t h e  ..- ; I ,  

1. Subelement a r e a :  

Ai = b i t i  

2 .  Area f i r s t  moment of  i n e r t i a :  

*iCli and A i C Z i  

where 

i - element number 
C - v e c t o r  d i s t a n c e  from r e f e r e n c e  axis t o  c e n t r o i d  of element 
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3 .  Area second moment of inciti-i: 
I i9 

2 
A i C ~ i  and 2 

*iC1i 

4 .  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: 

3 (element base length)i (element 
1 2 . 0  Il0 and I z 0  = 

5.  Subelement moment of inertia about the reference axis 
(axes 1 and 2) :  

Ili = Il0 + AiCii 

6 .  Subelement areas, first moments of inertia, and moments 
of inertia about the refercnce axis summed: 

5 Ai 
i=l 

M N 
AiCli and AiCZi 

i=l i=l 

N N 
12i and 

i=l 
C Ili 
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: 

€1 
f and 

where 

- subelement area Ai 
CliS c*i  - centroid of elements 
N -number of subelements 

c2 = 

N 
C AiC2i 
i=l 
R 
C Ai 
i=l 

2. Section moment of inertia about the neutral axis: 

N N 
- ci Ai 

i= 1 
Ilna a Ili 

io1 

N N 

io 1 i=1 
IZna = f2i - Ci Ai 

3 .  Radius of gyration about the neutral axis: 

,- 

i 
a. .. ' 
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4 .  P o l a r  moment of i n e r t i a  €or t h e  s e c t i o n :  

5. Each subelement  a s p e c t  r a t i o  f o r  t h e  s e c t i o n  t o r s i o n a l  
c o n s t a n t  : 

6 .  Each subelement  t o r s i o n  f a c t o r  .Bi w i l l  b e  de te rmined  from 
f i g u r e  4 . 2 6 - 9 .  

7. Subelement t o r s i o n a l  c o n s t a n t :  

Ji = Bibiti  3 

8. The subelement t o r s i o n a l  c o n s t a n t s  summed: 

N 
J =  J i  

i= 1 

S t e p s  5 th rough 8 w i l l  on ly  need t o  be c a l c u l a t e d  u s i n g  d a t a  
f o r  one of t h e  r e f e r e n c e  axis. 

The fo l lowing  nethod t o  de t e rmine  t h e  s e c t i o n  a r e a  f a c t o r s  f o r  
s h e a r  w i l l  on ly  be an approximatc method due t o  t h e  i d e a l i z a t i o n  
of  t h e  s e c t i o n  i n t o  r e c t a n g u l a r  sube lements .  The u s e r  w i l l  
i n t e r a c t  w i t h  t h e  program t o  s e l e c t  t h e  subelements  c o n t a i n i n g  
s h e a r .  

1. From a l i s t  of subelements  f o r  a s t a t i o n ,  t h e  user w i l l  
s e l e c t  t h e  e lements  t h a t  w i l l  r e s i s t  s h e a r  w i t h  r e s p e c t  t o  
t h e  sec t ion  a x i s  system. 
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2 .  

3. 

1 The selected subelement areas for shear will be gathered and 
summed. 

N N 

i=l i=l 
A ~ s  = A2i = C *li and/or 

The area factors will be determined from the ratio of the 
subelement shear areas and the total section area. 

A2s 
K2 = A and/or 

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. 
result of  the two following equations. 

1 

The curve to be developed will be the 

‘CR 1. Johnson equation: 

Cr2E 2 .  Euler equation: u = - 
where 

CR ( L / P 1 2  

E - material compressive modulus 
F - configuration cut-off stress 

C - column end fixity coefficient 
- critical stress “CR 



I P - r a d i u s  of  g y r a t i o n  

L - l e n g t h  of  pane l  o r  column 

The c u t - o f f  stress t o  be used w i t h  t h e  Johnson e q u a t i o n  w i l l  be  
t h e  lower o f  t h e  two v a l u e s  o f  t h e  buck l ing  stress FC and 
c r i p p l i n g  a l lowab le  stress FCC . These va lues  w i l l  be  ob ta ined  
from t h e  S e c t i o n  P r o p e r t i e s  and Allowables  F i l e .  The program 
must compare t h e  two v a l u e s  and t h e n  use  t h e  lowest  a b s o l u t e  
va lue  w i t h  t h e  Johnson equa t ion .  

The u s e r  w i l l  i npu t  t h e  v a l u e  of t h e  f i x i t y  c o e f f i c i e n t  C 
f o r  t h e  curve.  A l i s t  o f  v a l u e s  f o r  t h e  c o e f f i c i e n t  i s  shown 
i n  t a b l e  4.26-7 f o r  v a r i o u s  end c o n d i t i o n s .  The program w i l l  
be r e q u i r e d  t o  p rov ide  a two dimensional  p l o t  showing t h e  
c r i t i c a l  stress nCR a s  t h e  o r d i n a t e  and t h e  s l e n d e r n e s s  r a t i o  
L / p  as t h e  a b s c i s s a .  A sample of t h e  p l o t  i s  shown i n  f i g -  
ure 4.26-10. As an a i d  i n  p l o t t i n g  t h i s  curve  from t h e  two 
previous  e q u a t i o n s ,  t h e  tangency p o i n t  i s  given by t h e  f o l l o s i n g  
r e l a t i o n :  

I 

L / p  = 4 . 4 4 g  

where 

L l p  - s l e n d e r n e s s  r a t i o  

C - column end f i x i t y  c o e f f i c i e n t  

F - c o n f i g u r a t i o n  c u t - o f f  stress 

E - m a t e r i a l  compressive modulus 

4.26.3.5.1 S t i f f e n e d  Panel 

T h e r e  w i l l  be two methods t o  c a l c u l a t e  t h e  panel  compression 
a l lowable .  The user should havc a cho ice  oE w h i c h  c a l c u l a t i o n  
method is t o  bc used. 
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4 .26 .3 .5 .1 .1  EMLRO AND SPUN? METHOD. T h i s  mcthod can be pcr-  
formed only on t h o s e  pane l  c o n f i g u r a t i c n s  having p r o p e r t i e s  
determined by t a b l e  4 . 2 6 - 6 .  The column l e n g t h  L and s e c t i o n  
r a d i u s  of g y r a t i o n  P w i l l  be o b t a i n e d  from t h e  S e c t i o n  Pro-  
p e r t i e s  and Allowables F i le .  The f u n c t i o n  w i l l  t h e n  c a l c u l a t e  
t h e  s l e n d e r n e s s  r a t i o  L/p f o r  t h e  pane l .  The program then  must 
e i t h e r  r e t r i e v e  t h e  column buckl ing  stress from t h e  column a l low-  
a b l e  cu rve ,  which has  been gene ra t ed  p r e v i o u s l y  ( s e c t i o n  4 . 2 6 . 3 . 5 ) ,  
o r  allow t h e  column a l lowab le  stress t o  be c a l c u l a t e d  from t h e  
previous  equa t ions .  Th i s  c h o i c e  w i l l  a l l ow t h e  u s e r  t o  change 
t h e  end f i x i t y  c o e f f i c i e n t  C manually. The method should  be 
performed i n  t h e  fo l lowing  s t e p s .  

1. The cu rve  t angen t  p o i n t  w i l l  be  c a l c u l a t e d  from t h e  r e l a t i o n :  

LIP = 4 . 4 4 g  

where 

E - m a t e r i a l  compressive modulus 

F - c o n f i g u r a t i o n  c u t - o f f  stress 

C - end f i x i t y  c :oe f f i c i en t  

2 .  I f  t h e  s l e n d e r n e s s  r a t i o  f o r  t h e  pane l  i s  less  t h a n  t h e  
s l e n d e r n e s s  r a t i o  c a l c u l a t e d  i n  s t e p  1, then  t h e  Johnson 
equa t ion  w i l l  be  used t o  c a l c u l a t e  t h e  column a l lowab le .  

F2 ( L i p )  
4 t h  E 

aCR = F - 

3. I f  t h e  s l e n d e r n e s s  r a t i o  f o r  t h e  pane l  i s  equal  t o  o r  g r e a t e r  
than  t h e  s l e n d e r n e s s  r a t i o  c a l c u l a t e d  i n  s t e p  1, t h e n  t h e  
Euler  e q u a t i o n  w i l l  be used t o  c a l c u l a t e  t h e  column a l lowab le  
s t r e s s .  
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The va lue  o f  t h e  column a l l o w a 5 l e  stress aCR f o r  t h c  p a n e l  
should  t h e n  be s t o r e d  i n  t h e  S t r u c t u r a l  Al lcwables  Data F i l e  
as t h e  v a l u e  f o r  t h e  a l l o w a b l e  coinpressive stress.  

4.26.3.5.1.2 EPFECTIVF - SKIN METtiOD. T h i s  method w i l l  a l low the. 
u s e r  t o  c a l c u l a t c  t h e  column a l l o w a b l e  s t r e s s  from t h e  s c c t i o n  
geometry pa rame te r s  which w i l l  be s t o r e d  i n  t h e  S e c t i o n  Proper -  
t i es  and Allowebles  F i l e .  The s t e p s  used i n  t h i s  method a r e :  

1. The r a d i u s  o f  g y r a t i o n  o f  t h e  s t i f f e n e r  c ; - a s s - s e c t i o n  p S t  

about  t h e  c e n t r o i d a i  a x i s  and t h e  pane l  l e n g t h  L w i l l  be  
o b t a i n e d  from t h e  S e c t i o n  P r o p e r t i e s  and Allowables  F i l e .  

2 .  The s l e n d e r n e s s  r a t i o  of t h e  s t i f f ene r  a l o n e  ~ / p ~ ~  w i l l  
be c a l c u l a t e d .  

3. With t h e  s l e n d e r n e s s  r a t i o  L /ps t  , t h e  c r i t i c a l  s t r e s s  
f o r  t h c  s t r i n g e r  w i l l  b e  de te rmined  u s i n g  ; . e  column a l low-  
a b l e  cu rve  ( s e c t i o n  4 .26 .3 .5) .  I t  should  be n o t e d  t h a t  t h e  
p r e v i o u s  method used t o  c ' c u l a t e  t h e  column stress -.om 
t h e  column e q u a t i o n s  can be  used h e r e ;  t h i s  w i l l  a l low t h e  
user t o  i n p u t  t h e  end f i x i t y  c o e f f i c i e n t .  

4 .  The e f f e c t i v e  wid th  We o f  t h e  pane l  s h e e t  a c t i n g  w i t h  t h e  
s t i f f e n e r  from t h e  r e l a t i o n  w i l l  be computed u s i n g  t h e  c r i -  
t i c a l  st**ess from s t e p  3. 

we = 0.85ts  dE 
where 

t s  - s h e e t  t k A  kness o b t a i n e d  from t h e  S e c t i o n  P r o p e r t i e s  
and Allowables  F i l e  

u - c r i t i c a l  s t ress  o b t a i n e d  from s t e p  3 c P. 
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I f  t h e  e f f e c t i v e  s h e e t  width 
f e n e r  spac ing  bs , 
equal  t o  t h e  st iffener spac ing .  

We i s  l a r g e r  t han  t h e  s t i f -  I 
t h e  e f f e c t i v e  s h e e t  wid th  w i l l  b e  se t  

5. The to l lowing  parameter  w i l l  be  c a l c u l a t e d :  

where 

d - d i s t a n c e  from t h e  s t i f f e n e r  c e n t r o i d  t o  the middle 
s u r f a c e  of t h e  s h e e t  

- 
c - l o c a t i o n  of  s t i f f e n e r  c e n t r o i d  from t h e  r e f e r e n c e  ax is  

( see  f i g u r e  4.26-8) 

For s i n g l e  l i n e  f a s t e n e r  a t tachment :  

"ets 
z = A , t  

For double l i n e  f a s t e n e r  a t tachment :  

where 

Z - e f i ' e c t ivc  s k i n  w i d t h  parawter  

- a r e a  o f  s t i f f e n e r  

- e f f e c t i v e  w i d t h  of t h e  pane l  sheet 
A S  t 

Wc 

ts - s h e e t  t h i c k n e s s  

4-28:! 



.* 

t#  6. The r a d i u s  o f  g y r a t i o n  f o r  t h e  s k i n  and s t r i n g e r  combination 
w i l l  be  c a l c u l a t e d  from t h e  fo l lowing  equat ion:  

where 

Z 

d - v a l u e  c a l c u l a t e d  i n  s t e p  5 

- e f f e c t i v e  s k i n  width parameter  

- r a d i u s  o f  g y r a t i o n  of s t i f f e n e r  P s t  
7 .  The new s l e n d e r n e s s  r a t i o  w i l l  be computed u s i n g  t h e  r a d i u s  

o f  g y r a t i o n  p from s t e p  6 .  

8. The c r i t i c a l  buck l ing  stress w i l l  be determined from t h e  
curve  gene ra t ed  i n  s e c t i o n  4.26.3.5,  o r  it w i l l  be c a l c u l a t e d  
from t h e  p rev ious  methods ( i . e . ,  Johnson o r  E u l e r  e q u a t i o n ) .  

9. The buck l ing  stress from s t e p  8 w i l l  be compared w i t h  t h e  
stress from s t e p  3. I f  t h e  d i f f e r e n c e  is  g r e a t e r  t h a n  1 p c r -  
c e n t  of  t h e  s t r e s s  from s t e p  3 ,  t h e n  s t e p s  4 through 8 will 
be  r epea ted  u n t i l  t h e  d i f f e r e n c e  becomes equa l  t o  or less 
than  1 p e r c e n t .  When r e p e a t i n g  t h e s e  s t e p s ,  t h e  stress 
c a l c u l a t e d  i n  s t e p  8 w i l l  be used t o  c a l c u i a t e  t h e  new e f f e c -  
t i v e  skin width  parameter  2 . Convergence g e n e r a l l y  w i l l  
occur  a f t e r  t w e  o r  t h r e e  i t e r a t i o n s .  

10 .  The column a l lowab le  stress w i l l  be c a l c u l a t e d  from t h z  
fo l lowing  r e i a t i o n s .  

For s i n g l e  l i n e  a t tachments :  
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f 'CR 
ets) + ts(bs 2w e ) + 2w 

(Ast 
'allow 

For doub le  l i n e  a t tachments :  

'CR = 'CR(*st + 4W e t s )  + FCis(bs - 4We)t, 

e )  ets) s(bs - 4w 
- - 'CR 

+ t  + 4wf ( Ast 
'allow 

where 

'CR - c a l c u l a t e d  a i l o w a b l e  f o r c e  

- s t i f f e n e r  area 

- e f f e c t i v e  wid th  

- s h e e t  t h i c k n e s s  

- c r i t i c a l  b u c k l i n g  stress 

- column a l l o w a b l e  stress 

As t 

'e 

t S  

'CR 

'allow 
bS - stif.S?er s p a c i n g  

FCss - Zocal buck l ing  s t r e s s  of s k i n  between s t i f f e n e r s  

Th i s  c a l c u l a t e d  column a l l o w a b l e  stress v a l u e  shou ld  t h e n  be 
s t o r e d  i n  t h e  S t r u c t u r a l  Allowable Data F i l e  as  t h e  v a l u e  f o r  
a l l o w a b l e  compressive s t ress .  

4 . 2 6 . 3 . 5 . 2  Bean: S e c t i o n s  

This  s e c t i o n  o f  t h e  program shou ld  o b t a i n  t h e  beam o r  s e c t i o n  
l e n g t h  and t h e  s e c t i o n  r a d i u s  of g y r a t i o n  from t h e  S e c t i o n  Proper-  
t i e s  and Allowables  F i l e  and should  a l l o w  t h e  u s e r  t o  select  which 
beam ax i s  r a d i u s  of  g y r a t i o n  is  t o  b e  used .  The program nlust ca l -  
c u l a t e  t h e  s l e n d e r n e s s  r a t i o  L / p  and,  u s i n g  t h e  cu rve  gene ra t ed  
in sec t ion  4.26.3.5, de te rmine  t h e  column a l l o w a b l e  s t ress .  The 
user  must have t h e  c a p a b i l i t y  t o  i n p u t  new column end f i x i t y  
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coefficient and calculate the stress directly (using the Johnson 
I or Euler equations). 

4.26.4 OUTPUT 

The output from this function will consist of three data files 
(Interim Properties aAd 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 

0 Section type identification 

a X ,  Y, and 2 coordinates of the section 

a Allowable compressive stress (Fc) 

0 Allowable shear stress (Fs) 

0 Allowable tension stress (Ft) 

It is also required that this file provide space for the following 
parameters: 

0 Allowable torsion stress (Ftor) 

0 Allowable bending stress (Fb) 

0 Allowable stress due to pressure (F ) 

0 Allowable biaxial stress field (Fx, 
P 

Phase B of ISAS will not have the ability to calculate these 
parameters. (This function will allow for them t o  be input 



manually.) At some time i n  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 data are displayed in 
this tabulation, the user must have the capability t o  modify any 
of the data dis:.! ayed. 

Figure 4 . 2 6 - 1 0  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. 

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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rc The program w i l l  a l s o  have t h e  c a p a b i l i t y  t o  c a l c u l a t c  the  

missing applied stress from the equations shown i n  tab le  4 . 2 6 - 8  
provided the  other applied stresses are given.  

i 
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CARD OR 
TEWXNAL 
INPUT 

I 

I 
Figure 4.26-1. - Data flow diagram for Properties and Allowables. 
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CARD OR 
TERMINAL 

FOR BASIC 

;tT--' COMPUTE 

FOR BASIC 

ALLONABLE 

SECTION 
TERMINAL 

ALLONABLE 

TERWINAL PLAY IN- 
TERACTION 
DIAGRAMS 

Figure 4.26-1. - Data flow diagram for Properties 
and Allowables (concluded). 

4 -  289 



- 0 
h

 
.

o
 

0
-

 
u. 

u. 
Y

 

- (
u
 

c
 

0
 

u. 
- U

 

n
 

0
 

w
 

0
 

u. 

C
I 

c
 

Y
 

n
 

0
 

w
 

0
 

LL 

In 

c
 

v
 

c
 

0
 

ul 
0
 

LL 
c
 

L
L
 

v
 

ORIGINAL PAGE 'Is 
OF POOR QU- 

VI 
1
 

r( 
7

 
71 
0
 

E
 

Q
) 

> 
.r

( 

m m e, k
 

0
 

V
 

d
 

cd 
.r

( 

k
 

e, 
e, 

2 t I 
.. aJ 44 0

 
z

w
 4
 

VI 

c, 

d
 

4-290 

I+
 

m 
.r4 
h

 
0

) 
r
 1 I 

In 
LI. 

a
 c a) 

b
 

0
 

Ccl 

c, 
rr 0 
Q

) 
d
 
a
 

x 
w
 ! 

fv 
d
 

P
J 

I 

d
 

9
, 

k
 
1
 

M
 

cr. 
'rl 



14 m 

1 2 3 4 

ELEMENT ASPECT RATIO (a /b)  
where 

SS - simple support 
C - clamped 
F - free 

TYPE CF 
SUPPORT 
ALONG 
UNLOADED 
EDGES 

A 

B 

C 

3 

E 

5 

; }  , 
F i g u r e  4.26-3. - Compressive buckling coefficients for f l a t  p l a t e s .  
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'C-. 

Figure 4.26-4. - Trapezoidal corrugation local compressive 
buckling coefficient. 
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Figure 4 . 2 6 - 6 .  - Compressive buckling coefficient 
Cor cylinders. 
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Figure 4 . 2 6 - 7 .  - Shear buckling coefficient for flat plates. 
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b 1 . 7 S  in.+ I I 

0.50 in .  

1 .53 in.1 
2-1 Reference 2 a x i s  

-- Reference 1 a x i s  
+ ~ . S O  in.+ I 

I 

Element 
1 
z 
3 
4 
s 
i: 

REFERliNCE 1 A X i S  

b I t A - b t  C2 ACZ At: 120 I 2  * I Z 0  AC: 

1.75 0.040 n.070 0.895 o.obz65 0.05607 0.01786 n.07393 
0 .53  0.040 0.020 0.020 0.0004 

- 
0 .50  0.040 0 . 0 ~ 0  1 . 7 7 ~  I ) .  062 h6 

1 .50  0.040 l1.0b0 0.895 
1.50 0.0401 0.060 3.895 

I 0.230 

IINA = I 1  - Ar: - 0.28565 - (0.2S)(0.9139)2 - 0.09354 
REFERENCE 2 AXIS 

‘“2 0.20585 c, - - - 0.895 

1: igure 4 . 2 6 -  8 .  - Sample beam c a l c u l a t i o n s .  
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TABLE 4 . 2 6 - 4 .  - BUCKLING COEFFICIENT FOR 
INFINITE PLATES IN SHEAR 

Loading 

Shear 

1 t 

1 ji 

Edge Support 

Simple support on all edges 

Clamped on all edges 

Coefficient 

K = 5.35" 
S 

K, = 8.98' 

*National Advisory Committee on Aeronautics, Technic21 Note 1222. 
'National Advisory Committee on Aeronautics, Technical Note 1223. 
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TABLE 4.26-5. - PARAMETERS FOR SHEAR BUCKLING 

Panel  Conf igu ra t ion  Shear  Buckl ing Parameterz  

I n t e g r a l  
S t  i f fened 

FS f o r  b,, t, 
I f  a/bs  > 5.0 ,  u s e  Ks = 5.35 
I f  a / b c <  5.0, use curve  B, f i g .  4.26-8 - 

Z - S t  i f f ened Y FS f o r  b,, ts 
I f  a/bs > 5 .0 ,  u se  K, = 5.35 
I f  a / b  < 5 . 0 ,  use curve  B ,  f i g .  4.26-8 s -  

I n t e g r a l  
Z - S t i f  fened 

FS f o r  b,, t, 
I f  a/bs > 5.0, u s e  Ks = 5.35 
If a/bs  c 5.0, u s e  cu rve  B, f i g .  4.26-8 - 

I n t e g r a l  
T- S t i f  fened 

FS f o r  b,, t, 
I f  a /bS > 5.0, u s e  K, = 5 . 3 5  
I f  a /bs  c 5.0, use curve  B, fig. 4.26-8 - 

J - S  t i f  fened  If  a/b, > 5.0, u s e  K, = 5.35 
I f  a/b, c 5.0, use curve  B, f i g .  4.26-8 

I 

6 1  I FS f o r  b,, ts . I 

I f  a /b ,  > 5.0, u s e  K, = 5.35 

S t r a i g h t  
Y - St i f fened 

S t r a i g h t  and 
Curved Y-T 
S t i f f e n e d  

I f  a /b ,  < 5 . 0 ,  u se  curve  B ,  f i g .  4.26-8 - 
FS f o r  b s ,  t, 
I f  a/b, > 5.0, use  K, = 5.35 
I f  a /bs  < 5.0, u s e  curve  B, f i g .  4.26-8 .- 

~ -~~ ~ 

FS f o r  b,, t, 
I f  a/b, > 5 . 0 ,  u s e  K, = 5.35 
I f  a / b ,  c 5.0, use curve B, f i g .  4.26-8 

FS t o r  b,, t, 
- 

I f  a /bs  > 5.0, use  K, = 5.35 
I f  a/b,  < 5.0, use  curve B, f i g .  4.26-8 - 
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TABLE 4.26-5. - PARAMETERS FOR SHEAR BUCKLIi:G - Concluded 

9 
Trape idal 
Corrugation 
Semis andw ic h 

10 
c 

I Panel Configuration 

Semitrapezoidal 
Corrugation 
Semisandwich 

P 
Hat Section 
St iff ened 

i 
Trapezoidal 
Corrugation 

Truss Core 
Corrugation 

i 
Semicircle 
Corrugation 
Semisandwich 

I Shear Buckling Parameters 

FS for (bs - bfIs t, 
If a/(bs - bf) > 5.0, 'ise Ks = 5.35 
If a/(b, - bf) < 5.0, use curve B, 
fig. 4.26-8 

- 
~~ 

FS for b,, 
If a/b, > 5.0, use K, = 5.35 
It a/b, e 5.0, use curve R, fig. 4.26-8 I 
FS for b,, T, 

If a/b, > 5.0, use K, = 5.35 
If a/b  s -  < 5.0, use curve B, fig. 4.26-8 

~ ~~ ~ 

FS for bZ, t, 
If a/b, > 5.0, use Ks -- 5.35 
If a/b, - < 5.0, use curve B, fig. 4.26-8 

FS for b , ,  tS 

If a/b, > 5.0, use Ks = 5.35 
If a/bs < 5 . 0 ,  use curve B, fig. 4.26-8 - 

~~ ~ ~ ~ 

FS for IId) tc 

If a/bd < 5.0, use curve B, fig. 4 . 2 6 - 8  

FS for b f ,  tc 

If a/bf e 5 . 0 ,  use curve B, fig. 4 . 2 6 - 8  
If a/bf > 5.0, use K, - 5.35 
FS for bd, tc 

If a/bd 

If a/bd > 5.0, 1lSe K, * 5 - 3 5  

- 

- 

If a/bd > 5.0, LlSe K, = 5-35 
5.0, use curve B, fig. 4.26-8 

FZ for b,, t, 
If a/b, > 5.0, use Ks = 5.35 
If a/bs 5 5.0, use curve B, fig. 4 . 2 6 - 8  



TABLE 4.26-6 .  - PARAMETERS FOR PANEL SECTION PROPERTIES 

I Panel CoafiguratLoa 

I m 

4uxiliary Relations 

'bz * 

r t w  = - 
t S  

bw 
'bw 5 
T = -  t w  tS 

bU 
'bw - 6; 

tW 
rtu - - 

t S  

bU 
'bw * 6; 

'bz 

'bz ' 

Diaens ion les s 
Ceomet r ic Expressions 

a - 1 + rburtw 

6 - 0 . 5  rburtk. 

v = 0 . 3 3 3  rbwrtw 

2 

3 

a = 1 + 1.6 rbwrt,, 

2 B = 0 . 8  rbwrtu 

y = 0 . 6 3 3  rbwrtu 3 

a = 1 1 . 3  rbwrtu 

6 = (1.8 ri;,,rtw 
? 

3 
y = 0 . 6 3 3  rbwrt,, 

a - 1 + 1.6 rbwrtw 

8 = 1 . 1  rbwrtw 2 

3 
y - 0 . 9 3 3  rbwrtw 

R = 1 1.9 rhurtw 

2 8 = 0 . 8  rbwrtw 

y - 0 .b35  r;$rtw 
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TABLE 4 . 2 6 - 6 .  -PARAMETERS FOR PANEL SECTION P R O P E R T I E S - ( C o n t i n u e d )  

Panel Configuration I 

b. STRAIChT Y-STIFFENED I 

t I +’.----.I I 

~~~ ~ 

Auxiliary Relations 

bU 
‘bu * 6; 

r t W  - ‘5 

rbz - 1.04, rbw 
bW 

‘bw E 6; 

‘tu = 5 
rbr = 1.04 rbw 

rbt - 1.04 rbw 

hd 
‘bd 5 

t C  

t S  
r tE  = -- 

1 - trbd - cos 

‘b t  

4 -  311 

Dimens ionless 
Geometric Expressions 

a - 1 rbr + 3.06 rburtw 

2 6 - 1.25 rbwrtw 
3 

y 0 0 . 8 6 5  rb,,rtw 

a - 1 rbt 5 . 1 7  r b w r t u  

3 
y = 7.07 rburtw 

a = 1 rbz + 5 . 1 3  rbwrtw 

2 6 - 5 . 1 3  rbwrtw 

3 
y 7.58 r b w r t u  

@l;20.b67) <in2; 
8K1 (m + cos 4 )  



TABLE 4 . 2 6 - 6 .  -PARAMETERS FOR PANEL SECTION P R O P E R T I E S - ( C o n t i n u e d )  

~ ~~ 

Panel Configuration Auxiliary Relations 

bd 
'bd 6; 

t C  
r t C  = f 

b f 

2 ( 1  - rbf )  

K1'z 

'bf 6;'bw 

'tw = 

rbz = 1 .0  

bd 
'bd = 5 

I 
'hd 

In - r- - - cos 0 

'bz 

4-312 

Dimensionless 
Ceomet r ic Express ions 

Q = 1 
m 2 cos 6 )  

' ( m i  1 )  s i n  0 iy[* 2 cos 0 ) :  

2 

2 cos 0)  
2 m 0 . 6 6 7 )  sin o 

4 = 

~ 

a = 2 * rtw[l 2rbw rbf)  

a 'bw'tw 

2 ' = 'bwTtw 

- 'bf 'bu 

1 - rbf 0.b 'hw' 

a * 2rbd(m 1 )  

2 B - rbd(m 1 )  s in  6 

y - rbfd(m 0 . 6 6 7 )  sin 2 0 



TABLE 4.26-6.-PARAMETERS FOR PANEL SECTION PROPERTIES-(Concluded) 

1 Dimensionless 1 Ceoretric Expressions Auxiliary Relations I Panel Configuration I 
c 

& 
IC 

IS. S U l C l R C L E  CORRUiAT:UN SMISAIID*ICH 

a - 1 + 1.57 r t C  

B = 0 . 5  rtc 

y = 0.196 rtC 
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TABLE 4 . 2 6 - 7 .  - COLUMN FIXITY COEFFICIENTS 
r 

Column Fixed Type 

One end free.  
One end f i x e d .  

Both ends between 
f i x e d  and pinned.  

Column End 
F i x i t y  Coeff ic ient  

c = 1.0 

C = 2 . 2 5  

C = 0.25 

c = 1.78 
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4 . 2 7  RANDOM VIBRATION ANALYSIS 

The requirement t o  provide t h i s  support i R  lSAS Phase B was 
deleted by t h e  Structures Branch (ESZ). Figure 4 . 2 7 - 1  i s  a data 
flow diagram of the Random Vibration Analysis.  

PRINTOUT sc: - i o e o  

Figurc 4 .27-1 .  - Data flow diagram f o r  Random Vibration Analysis.  

4-316 



4.28 STATIC AEROELASTICITY 

4.28.1 PURPOSE 

This function 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 S t a t i c  
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 . 2 8 . 2  INPUT 

Input for this function will be contained in twc. data files. 
These are: 

0 Structural Influence Coefficients File 

0 Aerodynamic Influence Coefficients File 

During the course of processing, three additional files will be 
created and used by succeeding steps in the function. These a r e :  

0 Static Aeroelasticity Input File 

0 Static Aeroelasticity Output File 

0 Static Aeroelasticity Force Coefficient Data File 

Formats for all files used in this function can be found i n  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 . 2 8 . 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 OUTPUT2 module and will contain the structural grid 
geometry ( X ,  Y, Z) and the structural influence coefficient 
matrix [ S I .  

The second tile 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 (AC ) 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 cct:.i:ed requirements document) will be used to 
obtain interpo?.ard <at 3 at the required retrieval parameter 
values. 

P R' 

The grid locations relating t o  geometry in these two files will 
not correspond. The ISAS Spline Interpolation Procedure, 
described in the Phase A detailed requirements document, will be 
used t o  interpolate t h e  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 point, the user may choose to have 
the aerodynamic panel geometry data ( X ,  Y, Z) displayed on the 
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.I screen i n  t a b u l a r  form. The s t r u c t u r a l  s l o p e s  can be t a b u l a t e d  
o r  p l o t t e d  v e r s u s  t h e  l o c a t i o n  v a r i a b l e  (X  f o r  f u s e l a g e ,  Y f o r  
wing, and 2 f o r  t a i l )  a t  each u s e r - s p e c i f i e d  v a l u e  and Colerance.  
F igu res  4.28-2 and 4.28-3 a r e  examples of t h e  d a t a  t o  be t abu-  
l a t e d .  The u s e r  w i l l  s p e c i f y  t h e  v a l u e s  of t h e  l o c a t i o n  v a r i a b l e  
and a t o l e r a n c e  f o r  which t h e  s l o p e s  a re  t o  be p l o t t e d .  F ig -  
u r e  4.28-4 i s  an example of  a p l o t .  

The next  s t e p  i n  t h e  p rocess  w i l l  be t o  form a S t a t i c  Aeroe las -  
t i c i t y  Input  F i l e .  From t h e  conso le ,  t h e  u s e r  w i l l  i npu t  t h e  
t i t l e / ID  header  in fo rma t ion ,  dynamic p r e s s u r e ,  wing r o o t  Y -  
c o o r d i n a t e ,  and ver t ica l  t a i l  r o o t  Z-coord ina te .  These d a t a  and 
t h e  g r i d  geometry ( X ,  Y ,  Z),  r i g i d  p r e s s u r e  c o e f f i c i e n t s  (AC ) 

P R ’  
aerodynamic i n f l u e n c e  c o e f f i c i e n t  m a t r i x  [A],  and aerodynamic 
pane l  areas [ B ]  r e t r i e v e d  e a r l i e r  from t h e  Aerodynamic I n f l u e n c e  
C o e f f i c i e n t s  F i l e  f o r  t h e  g iven  r e t r i e v a l  parameters  should be 
combined w i t h  t h e  i n t e r p o l a t e d  s t r u c t u r a l  i n f l u e n c e  c o e f f i c i e n t  
ma t r ix  t o  fDrm t h e  i n p u t  f i l e .  This  f i l e  w i l l  be used a s  i n p u t  
t o  t h e  S t a t i c  A e r o e l a s t i c i t y  Program (STAP). A d e s c r i p t i o n  of 
STAP can be found i n  t h e  b a t c h  program documentation and i s  no t  
p re sen ted  here .  

STAP w i l l  ou tpu t  a S t a t i c  A e r o e l a s t i c i t y  Output F i l e .  Data from 
t h i s  f i l e  can be d i sp layed  and checked a t  t h e  t e r m i n a l .  The 
d i s p l a y  should i n c l u d e  t h e  t i t l e / I D  h e a d e r ,  f l i g h t  c o n d i t i o n s  
( M ,  a), t o t a l  r i g i d  aerodynamic pane l  load  (FR), t o t a l  a e r o -  
dynamic pane l  load  due t o  f l e x i b i l i t y  ( F f ) ,  wing rDot moment 
(Mw), v e r t i c a l  t a i l  r o o t  moment (MT), f l e x i b l e - t o - r i g i d  load  
r a t i o ,  and d ivergence  dynamic p r e s s u r e  (qD). 
v a r i a b l e s  can be e i t h e r  t a b u l a t e d  v e r s u s  aerodynamic panel  con- 
t r o l  p o i n t  o r  p l o t t e d  ve r sus  t h e  X-dimension s t r u c t u r a l  p o i n t  
c o o r d i n a t e s :  aerodynamic panel  a r e a  w ,  r i g i d  p r e s s u r e  c o e f f i -  
c i e n t s  ( A C  ) s t r u c t u r a l  s l o p e  ( e ) ,  p r e s s u r e  c o e f f i c i e n t s  due 
t o  f l e x i b i l i t y  (AC ) f l e x i b l e - t o - r i g i d  p r e s s u r e  r a t i o ,  r i g i d  
aerodynamic ?ane l  load  ( A F ) R ,  aerodynamic panel  load  due t o  f l e x i -  
b i l i t y  ( A F ) f ,  and f l e x i b l e - t o - r i g i d  load ing  r a t i o .  

The fo l lowing  

P R’ 
P f ’  

Figure  4 . 2 8 - 5  
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shows a sample t a b u l a r  p r i n t o u t ,  and f i g u r e s  4 . 2 8 - 6 ,  4 . 2 8 - 7 ,  and 
4.28-8 a re  examples of t h e  t y p e  oi p l o t s  t h a t  w i l l  be  a v a i l a b l e  
t o  t h e  u s e r .  

The p r o c e s s i n g  s t a r t i n g  a f t e r  t h e  c r e a t i o n  of t h e  S t a t i c  Aero- 
e l a s t i c i t y  Output F i l e  and through t h e  c r e a t i o n  of t h e  S t a t i c  
A e r o c l a s t i c i t y  Force C o e f f i c i e n t  Data  F i l e  ( s e e  t h e  f u n c t i o n  
f l o w  c h a r t ,  f i g .  4 .28-1)  i s  t h c  same as i n  t h e  ISAS Aerodynamic 
Loads f u n c t i o n ,  s e c t i o n  4 . 3 .  The S t a t i c  A e r o e l a s t i c i t y  Output 
F i l e  w i l l  r e p l a c e  t h e  I n t e r i m  Aerodynamic Data F i l e  as  t h e  i n p u t  
s o u r c e ,  and t h e  o g t p u t  w i l l  he  s t o r e d  i n  t h e  S t a t i c  Aeroe la s -  
t i c i t y  Force C o e f f i c i e n t  Data F i l e  r a t h e r  t h a n  t h e  Force C o e f f i -  
c i e n t  Data F i l e .  The format  o f  t h e  S t a t i c  A e r o e l a s t i c i t y  Output  
F i l e  w i l l  cor respond t o  t h e  format  r e q u i r e d  by t h e  Aerodynamic 
Loads f u n c t i o n .  

The S t a t i c  A e r o e l a s t i c i t y  Force C o e f f i c i e n t  Data F i l e  w i l l  have 
t h e  same format  a s  t h e  Force C o e f f i c i e n t  Data F i l e ,  b u t  i t  shou ld  
c o n t a i n  d a t a  f o r  wing and v e r t i c a l  t a i l  on ly .  These two f i l e s  
should  be used f o r  i n p u t  To t h e  S t a t i c  A e r o e l a s t i c i t y  C o r r e c t i o n  
Program (STAC). STAC s h a u l d  be  a demand program t h a t  a d j u s t s  
t h e  wing and v e r t i c a l  t a i l  a e r o e l a s t i c i t y  f o r c e  c o e f f i c i e n t  d a t a  
f o r  t h e  e f f e c t s  o f  s t r u c t u r a l  f l e x i b i l i t y .  I t  should  s e a r c h  t h e  
Force C o e f f i c i e n t  Data F i l e  and r e t r i eve  d a t a  f o r  t h e  a p p r o p r i a t e  
f l i g h t  c o n d i t i o n s ,  u s i n g  t h e  ISAS F l i g h t  Cond i t ions  I n t e r p o l a t i o n  
Rout ine ,  i f  necessa ry .  For each  wing and v e r t i c a l  t a i l  p o i n t ,  
STAC s h m l d  add t h e  s t a t i c  a e r o e l a s t i c i t y  f o r c e  c o e f f i c i e n t  v a l u e  
t o  t h e  a p p r o p r i a t e  r i g i d  v a l u e .  A f l e x i b l e - t o - r i g i d  f a c t o r  
should  a l s o  be c a l c u l a t e d  f o r  each  d a t a  p o i n t ,  where 

( F O K C F )  FLEX w i l l  bc t h e  v a l u e  from t h e  S t a t i c  A e r o e l a s t i c i t y  
Force C o e f f i c i e n t  Data F i l e ,  and (FORCE)RIGrD w i l l  be t h e  c o r r e -  
sponding va lue  from t h e  Force C o e f f i c i e n t  Data F i l e .  
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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 
Aerodyrramic Data Base Generator, section 4 . 2 .  

4 . 2 8 . 4  OUTPUT 

Output for this fuxtiun 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: 

0 Interpolated Struc: iral Data File 

0 Static Aeroelasticity Output File 

0 Aeroelasticity Data Base 

0 Static Aeroelasticity Force Coefficient Data File 
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NORMAL RATCH 
r------ 

Figure  4.28-1. - Data f l o w  diagram for Static Aeroelasticit).. 

4-322 



Figure 4.28-1, - Data flow diagram for Static 
Aeroelasticity (concluded). 
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I D  

1 
2 . 

2 4  
25  

AERODYNAMIC PANEL SkOMETRY 

COORDINATES 
X Y z 

-99750  1.42000 . O O O O O  
2 .99750 1.42000 .OOOOO 

0 0 

0 0 . 
7.0000@ 9.6030b . O O O O O  
9 . 0 0 0 0 0  9.60000 .OOOOO 

Figure 4 . 2 8 - 2 .  - Example o f  
geometry data t a b u l a t i o n .  

4 - 3 2 4  



o
m
 

0
 

0
0

 

0
0

 
t
 

0
0

 
0

0
 

L
 

0
0

.
.
 .c

u
e
 

0
0

 
m

ur 

c
 

I
1

 

?'4 
.
-
e
 

d
 

9
9

 
v
 

0
0

 

- 
u)ln 

ln
u

l 
C

O
 

I
1

 
h

 
0

0
 

- 
0

0
 

0
0

 
L
 

0
0

 
0

0
 

s
 

0
0

.
 

-
0

0
 

0
0

 
a
 

(
u
-
 

W
I
D

 
0
 

*
*

 

8
1

 
v
 
-* 
I

I
 

I
1

 

= 
O

0
 

0
0

 
.. 

u
w

 
ln

m
 

0
0

 
In

 
0

0
 

- 
0

0
 

0
0

 
L

 
0

0
 

0
0

 
z
 

0
0

.
 

-
0

0
 

a
 

Q
- 

0
0

 

u
 

0
-
 

(D
ID

 
I

,
 

I
1

 

n
 

0
-
 

In
 

0
0

 
I

1
 

- 
0

0
 

0
0

 
L

 
0

0
 

0
0

 
L

 
0

0
.
 

-
0

0
 

3
 

0
0

 
0

4
 

O
r

 

v
 

0
0

 
N

O
 

1
1

 
I

I
 

g
 

9'9 
9

9
 

g
 
9
9
 

.. 
n

 
In

0
 

d
 

?
?

 

d
 

N
 

L
 

az 3 
-1

 
0
 

V
 

n
 

b, 
c
 
- L L a -1 0

 
V

 

- O
D

 
c
 
u
 

L
 

S
 

-1
 

0
 

V
 

a
 

In
 

n
m
 

0
 

0
4
 

0
0

 
0
0
 

0
0

 
0

0
 

0
0

.
 

U
n

o
I 

0
0

 
m

h
 

m
o
 

-ID
 

.. 
.. 

N
O

 
*
In

 

l
n
l
n
 

n
n

 
0

0
 

0
0

 
I

*
 

I
I

 
0

0
 

0
0

 
0

0
 

0
0

 
0

0
.
.
 .
n

h
 

0
0

0
 

O
0

 
(D

m
 

w
m
 

.. 
.. 

c
c
 

c
-
 

In
 

ln- 
0
 

?
?

 
O

0
 

0
0

 
0

0
 

O
0

 
w

o
 

0
0

 

0
0

.
.
 -

0
0

 
0

0
 

(U
O

 

-In
 

-
0

 
.. 

.. 
- 

w
w

 
h

 
0

0
 

- 
I

,
 

- 
0

0
 

0
0

 
az 

0
0

 
0

0
 

s
 

0
0

'
 

*
0

0
 

(D
h
 

A
 

0
0

 
0
 

-- 
I

,
 

v
 

0
0

 

W
0

 
0

0
 

- 
0

-
 

I
.

 
ID

 
0

0
 

c
 

8
1

 
- 

0
0

 
0

0
 

t
 

0
0

 
0

0
 

r
 

0
0

'
 

* 
-
0

0
 

a
 

n
o

 
C

Ih
 

N
O

D
 

2
 

O
N

 
0
 

-
. 

(
u
-
 

1
1

 
L
)
 -- I

1
 

m
n

 

= 
O

0
 

A
*

 
.. 

C
C

 

.
.
 

?
?

 
In
 

- - 
.
.
 

- 
0

0
 

0
0

 
L

 
0

0
 

0
0

 
L

 
0

0
.
.
 *

(
I
)
-
 

J
 

O
0

 
0

0
 

-m
 

- 
ln\D 

m
m

 
b

 
?

?
 

?
?

 
- 

0
0

 
0
0
 

L
 
0
0
 

0
0
 

L
 

0
0

 
0

0
 

2
 

0
0

 
0

0
 

L
 

0
0

.
'
.
0

0
 

z
 

0
0

.
.
.
I
n

-
 

O
N

 
3
 

0
0

 
Q
b
,
 

= -1 
O

0
 

0
0

 
h

O
 

-1
 

0
0

 
N

O
 

.. 
0
 

-
0

 

u
 

0
0

 
O

D
- 

-
r

D
 

m
o

 
0
 

I
 

I 
0

0
 

s
 

0
0

.
 

-
0

0
 

a
 

0
0

 
0

0
 

0
0

 
-1

 
0

0
 

0
 

*
.

 
V

 
N

O
 

0
0

 

- L 
O

0
 

0
0

 
0

0
 

.. 
- 

In
m

 
S

O
ID

 
N

 
0

0
 

0
0

 

- 
0

0
 

L
 

0
0

 
0

0
 

s
 

0
0

.
 

* 
0

0
 

a
 

0
0

 
0

0
 

0
0

 
-1

 
h

e
 

0
 

-. 
v
 
.-w 

(D
ln

 

I
,

 

.. 
I

I
 

I
'

 

0
0

 

s
 

0
0

.
.
 0

0
0

 
0

0
 

3
 

0
0

 
ID

 N
 

-1
 
(
U
o
 

- L 
O

0
 

0
0

 
0

0
 

0
 

*
*

 
.. 

u
 
-
M
 

rD
.- 

- 
0
0
 

0
0
 

- 
0
0
 

0
0
 

L
 

0
0

 
0

0
 

r
 

0
0

 
0

0
 

t
 

0
0

.
.
 *

0
0

 
.T 

0
0

.
.

 .
O

O
 

0
0

 
3
 

0
0

 
O
W
 

a
 

-1
 

n
o

 
b

N
 

cv- 
-1

 
n
u
) 

(D
N

 

VI 
Q

, 
a
 

0
 

4
 

VI 

Q
 
k
 
3
 

c
)
 

u 1 k c, VI 

Y
I 

0
 

x 
.r( 
k
 

t
J
 

rd 
E
 

w
 0
 

a, 
I

4
 

a
 

E
 

a X 
ua I 

r+l 

a0 
N

 

3
 

a, 
k
 
3
 

M
 

L
 

1 

*7
4

 

4-325 



STRUCTURAL SLOPES 
PANEL AT Y = N.NN ( F 7 . 2 )  

. O O l  

-0005 

0.0 

-. 0005 

-. 001 - . . . . . . __ . 
1 2  3 4 5 6 7 8 9 10  

AERODYNAMIC PANEL X-COORDINATE ( I N )  

- 
Figure 4 . 2 6 - 4 .  - Example plot of structural slopes 

vcrsus chord at each span station. 
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I 

STATIC AEROLLASTICITY OUTPUT 

( F I L E  ' 0  HEAOER 1 

MACH NUN6ER = 2 . 0 0  
R I B 1 0  AERO PANEL LOAO = 2.74284+01 L B  

ANGLE OF ATTACK 0 400 DE6 
AERO PANEL LOAO (FLEX) = 1.27502*00 LB 

OIVERGERCE OYNAIIIC PRESSURE 12 .6625  LB/ IN*92  

WIN6 ROOT NONENT 1.14142+02 IN -LE  
FLEX-TO-RIG10 LOAO RATIO 0 9.53515-01  

VERTICAL TAIL ROOT MOMENT = o.oooo I n - L B  

PANEL PANEL COORDINATES 
IO X Y 2 

1 -99750  1 .42000 .OOOOO 
2 2 .99750  1 .42000  .GOO00 

2 4  7.00000 9 .60000  .OOOOO 
25  9 .00000  9 .60000  .OOOOO 

PANEL STRL SLOPE PRES COEFF DUE 
I O  (RAD) TO F L E X I B I L I T Y  

1 - . 741960-04  - . 1 7 1 3 4 8 - 0 3  
2 . 101090-02  .238912-G2 

24 - . 979914-02  - . 100835-01  
25 -. 1 1  0781-01 - . 8?2662-02  

FLEX-TO-RIG10 
PRESSURE RATIO 

.998937*00 

.101482+01 

.74714?+00  

.746515*00 

AERO PANEL 
AREA 

Z.iC 
5.82. 

.08000 

.08900 

RIG10  PRES 
COEFF 

.161227 

.161227 

-039879  
.034427 

R I 6 I O  AERO AERO PANEL LOAO 
PANEL LOAO(L8) DUE TO FLEX(LB) 

104169+01 - . l  1 0708-02  
203372t01  .301371-01  

691 233-02 - . 174781-02  
596727-02 - .151261-02  

FLEX-TO-RIGID 
LOADING RAT10 

. 998937+00  

.101482*01 

r o o  
. I .  >*a0  

Figurc 4 . 2 8 - 5 .  - S t a t i c  Aeroclast i c i t y  O u t p u t  Fi le  t a b u l a t i o n .  

I 

4 - 3 2 7  

c. 
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oc 
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>- 

AERODYNAMIC PANEL COORDINATES 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 1 2 3 Y 5 6 7 8 9 10 
0 

X 

Figure 4 . 2 8 - 0 .  - Example of  p l o t  of ae rodynamic  panel c o o r d i n a t e s .  
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STRUCTURAL SLOPE 

0. 

0. 

- 0  

-0 .  

-0 .  

-0 .  

-0. 

A E R O D Y N A M I C  P A N E L  X - C O O R D I N A T E  ( I N )  

Figure 4 . 2 8 - 7 .  - Example of plot of structural slope. 



L 

L L  
'A 
0 
u 

RIGID PRESSURE COEFFICIENTS 

0.3 

0 . 2 5  

0 . 2  

0 . 1 5  

0 .1  

0.05 

0 1 2 3 4 5 6 7 8 9 10 

A E R O D Y N A M I C  P A N E L  X - C O O R D I N A T E  (IN) 

Y O R Z =  

Figure 4.28-8. - Example of plot of rigid pressure coefficients. 
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4.29 TWO-BODY SEPARATION 

The requirement t o  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. 

UASlC HINDS 

B I  Ll 
DYNAMIC 

- \"" "' 4 

NORMAL BATCH 
r------ 

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 (ESZ). Figure 4.30-1 is a data flow 
diagram of the Three-Body Separation function. 

MSIC WINDS 

FILE 
IlYNAHlC 

IMTA 
IlASC 

[-P-('"( DATA FOR 

NORMAL BATCH 
r------ 

PRINTOUT 

1;igut-e 4.30-1. - Data f low diagram of Three-Body Separation. 
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I' 4.31 USER MODEL FILE GENERATOR 

4.31.1 PURPOSE 

The User Model F i l e  Genera tor  f u n c t i o n  w i l l  produce a model 
d e f i n i t i o n  o r i e n t e d  toward aerodynamic o r  s t r u c t u r a l  modeling, 
depending on t h e  phase of  t h e  a p p l i c a t i o n .  F igu re  4 . 3 1 - 1  i s  a 
d a t a  flow diagram o f  t h e  User Model F i l e  Conera tor  f u n c t i o n .  
For t h e  s t r u c t u r a l  model, g r i d  p o i n t s  w i l l  be d e f i n e d ,  and 
s t r u c t u r a l  e l emen t s  w i l l  be  d e s c r i b e d  as f u n c t i o n s  of  t h e  g r i d  
p o i n t s .  For t h e  aerodynamic modcl, c u t t i n g  p l a n e s  o r  t r a c e s  
w i l l  be d e f i n e d  a long  t h e  model, and c o o r d i n a t e s  and s l o p e s  
of g r i d  p o i n t s  w i l l  be d e f i n e d  around t h e s e  t races .  An i n t e r -  
a c t i v e  g r a p h i c s  d i s p l a y  w i l l  be use6  t o  a s s i s t  i n  t h e  c r e a t i o n  
o f  t h e  User Model F i l e  by p e r m i t t i n g  t h e  c r e a t o r  t o  v i s u a l l y  
i n s p e c t  and modify t h e  model a t  a l l  s t a g e s  of  i t s  development.  

4.31.2 INPUT 

The i n p u t  w i l l  c o n s i s t  of t h e  Bas ic  Geometry Data F i l e ,  a p r e -  
v i o u s l y  c r e a t e d  User Model F i l e  ( o p t i o n a l ) ,  NASTRAN c a r d  f i l e s  
( o p t i o n a l ) ,  and i n t e r a c t i v e  t e r m i n a l  e n t r i e s  1s r e q u i r e d  t o  
deve lop  and v e r i f y  t h e  model d e f i n i t i o n  as t h e  User Model F i l e  
is gene ra t ed .  The Bas i c  Geometry Data F i l e  and t h e  User Model 
F i l e  a r e  d e f i n e d  i n  t h e  appcndix The t e r m i n a l  i n p u t  can l>c 
e i t h e r  keyboard o r  d i s p l a y  s e l e c t a b l e .  

The keyboard will be used f o r :  

a Entry of s u b s c r u c t u r e  and r e g i o n  i d e n t i f i c a t i o n  numbers; X ,  

Y ,  Z c o o r d i n a t e  v a l u e s ;  a n g l e s  of  r o t r t i o n ;  d i r e c t i o n  c o s i n e s ;  
and o t h e r  dattr  a s  needed t o  d e f i n e  model components a s  v i s u a l  
a i d s  i n  the  model d e f i n i t i o n  

0 E d i t i n g  of t a b u l a r  d i s p l a y s  of User Model F i l e s  
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Display s e l e c t a b l e  inpu t  w i l l  i n c l u d c :  

0 blenu selection ;ind paging ( forward and backward) 

0 Submenu item s e l e c t i o n  

0 I n d i c a t i o n  of c u t t i n g  p l a n e  p o s i t i o n  

0 Grid p o i n t  p o s i t i o n i n g  

0 Grid p o i n t  s e l e c t i o n  f o r  element d e f i n i t i o n  

0 S t r u c t u r a l  e lement  t ype  s e l e c t i o n  

0 Cell  s e l e c t i o n  and d e f i n i t i o n  

0 A i r f o i l  d e f i n i t i o n  

4 . 3 1 . 3  PROCESSING 

The p r o c e s s i n g  f u n c t i o n  w i l l  c o n s i s t  of two major c a t e g o r i e s ,  
each  o f  which will be composed of  a number of  subprocesses .  

The model g e n e r a t i o n  w i l l  i n c l u d e :  

0 S e l e c t i o n  and g r a p h i c a l  d i s p l a y  of  t h e  s u r f a c e  

0 Symmetry d e f i n t i o n  

0 Cut t ing  p l a n e  s p e c i f  i r x t i o n  

0 Grid g e n e r a t i o n  

0 Element d e f i n i t i o n  ( s t r u c t u r a l ,  a i r f o i l ,  c e l l )  

ThL Data e d i t  phase w i l l  i nc lude :  

0 Tabu la r  and g r a p h i c a l  d i s p l a y  

0 E d i t i n g  

0 Merging 

0 Resequencing by ba t ch  program 
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An interactive graphics terminal will be used in the processing 
function of this program. ?'his program will contain capabilities 
which will b? inherent to interactive graphics terminal usage. 
These capabilities will include: 

a Display of control points 

0 Display of lines connecting the control points 

a Creation, deletion, and modification of grid points 
(coordinates and slopes) 

0 Creation, deletion, and modification of structural elements 
or aerodynamic airfoil elements 

e Mezins to loop back through the program 

0 Dialogue in the form of questions and suggestions initiated 
by the program 

Interpretation of user response to dialogue 

0 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 rebdily when a 

minimum of interaction is needed. The capability t o  remove 
hidden lines will not be included. 

4.31.3.1 Model Generation 

The first step ir, the processing function will be the dynamic 
ass?gnments of the rleeded Piles. 'The User Model File to be 

created must always be identified. The other files which need 
t o  be assigned will depend on thc source of thc data to b e  u s e d  
in the model generation. Thc user will be able to start w i t h  
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 w i l l  h e  a b l e  t o  s t a r t  w i t h  a Basic Geometry Data F i l e  and a 
NASI'RAN c a r d  image f i l e  i f  d e s i r e d .  The u s e r  w i l l  b e  asked t o  
i d e n t i f y  a l l  needed f i l e s .  

When t h e  f i l e  names have been e n t e r e d ,  t h e  t e r m i n a l  u s e r  w i l l  

be a s k e d  t o  i d e n t i f y  t h e  t y p e  of  model a p p l i c a t i o n  - a e r o d y n m i c  
o r  s t r u c t u r a l .  Once t h e  model a p p l i c a t i o n  is  chosen ,  t h e  user/ 
program d i a l o g u e  w i l l  be s l a n t e d  toward t h a t  d i s c i p l i n e .  

4 .  31.3.1.1 . ; t ruc tura l  Model Genera t ion  

When t h e  s t r u c t u r a l  o p t i o n  i s  s e l e c t e d ,  t h e  u s e r  can  choose t o  
c o n t i n u e  through t h e  mainstream o f  t h e  program acd  c rea t e ,  
i n s p e c t ,  and r e f i n e  t h e  g r i d  p o i n t s  and s t r u c t u r a l  e lements  f o r  
t h e  User Model F i l e .  A l t e r n a t e l y ,  h e  can choose t o  e n t e r  o r  
update  t h c  c c l l  in format ion  of an  e x i s t i n g  User Model F i l e .  

When t h e  s t r u c t u r a l  model g e n e r a t i o n  o p t i o n  i s  chosen ,  t h e  u s e r  
w i l l  be  g iven  a c h o i c c  of methods f o r  s e l e c t i n g  t h e  s t r u c t u r e  
and s u b s t r u c t u r e  o f  i n t e r e s t  from t h e  Basic Ceometry Data F i l e .  
He can e l e c t  t o  e n t e r  c o o r d i n a t e s  d e s c r i b i n g  a r e c t e n g u l a r  s o l i d  
t o  !-JC used f o r  d i s p l a y i n g  t h e  s t r u c t u r e  f a l l i n g  w i t h i n  i t s  bounds,  
o r  hc cap choose t o  s e l e c t  t h e  s t r u c t u r e  and s u b s t r u c t u r e  
i d e n t i f i c a t i o n s .  

Whcn t h e  i d c n t i f i c a t i o n s  ( ID ' s )  are  t o  b e  used t o  s e l e c t  t h e  
s t r u c t u r e  and s u b s t r u c t u r e ,  t h e  u s e r  w i l l  e n t e r  t h e s e  ID's i n  
e i t h e r  o f  two ways: w i t h  a 1 t o  1 5  a lphanumeric  c h a r a c t e r  ID 
o r  a code cor responding  t o  t h e  alphanumeric I D .  The u s e r  can 
d i s p l a y  ;I t a b l e  c o n t a i n i n g  t h e  codes v e r s u s  t h e  alphanumeric  ID's 
i n  o r d c r  t o  f a c i l i t a t e  t h e  s t r u c t u r e  o r  s u b s t r u c t u r e  s e l e c t i o n .  

'rhc c o n t e n t s  o f  t h e  Bas i c  Geometry Data F i l e  w i l l  b e  s e a r c h e d  
f o r  t h e  I D ' S  c n t e r c J .  I f  e i t h e r  ID i s  n o t  found,  a message w i l l  
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b e  d i s p l a y e d  informing t h e  t e r m i n a l  user  of  t h e  problem and 

g i v i n g  him t h e  o p t i o n  of e n t e r i n g  ano the r  I D ,  o f  d e f i n i n g  ;I 

r e c t a n g u l a r  volume t o  b e  d i s p l a y e d ,  of going t o  t h e  d a t a  e d i t  
phase ,  o r  of t e r m i n a t i n g  t h e  job .  

1 

When t h e  s t r u c t u r e / s u b s t r u c t u r e  s e l e c t i o n  i s  t o  be made by 
e n t e r i n g  c o o r d i n a t e s  d e s c r i b i n g  a r e c t a n g u l z r  s o l i d ,  t h e  u s c r  
w i l l  e n t e r  t h e  X ,  Y ,  Z c o o r d i n a t e s  d e f i n i n g  t h e  upper and lowcr 
bounds o f  t h e  s o l i d .  A t  t h i s  t ime,  t h r e e  d i s p l a y - s e l e c t a b l ,  
menu items ( l i g h t  b u t t o n s )  w i l l  be e s t a b l i s h e d  t o  a s s i s t  w i t h  
s t r u c t u r e  s e l e c t i o n  and viewing. The tcom and a l t e r  \.icw n p t i u n t ;  

w i l l  be provided t o  permi t  viewing t h e  di:;played s;' a 11 

en la rged  format  and from o t h e r  viewing ang le s  and 1 -  
r e s t o r e  b u t t o n  w i l l  a l s o  be provided t o  r e t u r n  t h +  diFplz,, 

always be  a v a i l a b l e  throughout  t h e  model g e n e r a t i o n  ,.IL;CSS. 

i t s  o r i g i n a l  unzoomed, u n a l t e r e d  view. These viewing **id. i i  

Wher t h e  u s e r  has  s e l e c t e d  a s u b : t r u c t u r e  wi th  which h e  wishes 
t o  work, he w i l l  i n d i c a t e  he i s  ready t o  go t o  t h e  n e x t  menu by 
s e l e c t i n g  t h e  page o p t i o n .  The s e l e c t e d  s u b s t r u c t u r e  w i l l  bc  

d i sp l ayed  i n  i t s  e n t i r e t y ,  and t h e  u s e r  w i l l  be asked t o  iden-  
t i f y  t h e  r eg ion  w i t h  which he wishes t o  work. 

The method o f  s e l e c t i n g  t h e  r e g i o n  w i l l  be t h c  same a s  €or thc 

s ,ubs t ruc tu re .  The u s e r  can en te r  t h e  d e s i r e d  r eg ion  i d e n i i f i c a -  
t i o n  (1 t o  1 5  c h a r a c t e r s )  o r  t h e  cor responding  code. I f  t h c  11) 

i s  n o t  four.;  on +he  Bas ic  Geometry Data F j - l e ,  t h e  t e r m i n a l  
o p e r a t o r  w i l ;  Se .:veri t h e  op t ion  of r e e n t e r i n g  t h e  reg ion  
i d e n t i f i c a t i n n ,  i n  ing  a d i s p l a y  s e l e c t i o n ,  o r  r e t u r n i n g  t o  t h c  

s u b s t r u c t u r e  s e l e c t i o n  menu. 

Florc than one r eg ion  can be s e l e c t e d  f o r  d i s p l a y  a t  onc  t imc.  

Oncc the r e g j o i l  h a s  been  s e l e c t e d  and t h c  next  page t p ' i o n  
choscn ,  t h e  J i s p l a y  w i l l  change t o  one o f  s e l e c t e d  reh lonq  o n l y .  
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A t  t h i s  po in t  i n  tIic p rocess ing ,  t h e  u s e r  '-an J c f i n c  s u b s t r u c t u r e s  
f o r  t h e >  User Model 1 : i J t .  or u s e  t h e  s u b s t r u c t u r e  d e f i n i t i o n  from 
tiic Hasis Geometry Lhta File. 'This f u n c t i o n  qhould p rov ide  the 
s s p a b i . l i t v  t o  g e n e r a t e  g r i d  p o i n t s  f o r  s e c t i o n s  o f  t h e  model '.n 
d i f f e r e n t  coord ina te  systems. Tnese d a t a  w i l l  b e  ma in ta inea  on 

t h e  llser :4oJel F i l e .  Also, t h e  f u n c t i o n  w i l l  p rov ide  t h e  ca?a- 
b i i i t v  t o  t r a n s f o r r ,  :he cooid ina te : ,  t o  d i f f e r e n t  c o o r d i n a t e  s y s -  

tems upon comcand. 

.I; t h i s  time, t h e  t e rmina l  o p e r a t o r  w i l l  be r eques t ed  t o  i n d i c a t e  
t h e  symmetry statu:;.  I f  s y m m e t r y  does n o t  e x i s t  o r  i f  t h e  u s e r  
w i s h e s  t o  s k i p  i t s  d e f i n i t i o n ,  t h e  page o p t i o n  w i l l  b e  :e lec ted .  
flowever, i f  t!ie r e g i o n  is symmetr3 t h i s  co i ld j t ion  is t o  be 
used,  t h e  sy-mztry o p t i o n  v i 1 1  be s e l e c t e d .  The a x i s  (cr axes )  
o f  s y m m e t r y  is thcn s p e c r f i c d ,  caus ing  f l a g -  tu Le se t  whic.1 w i l l  
: !c t ivste  t h e  autonrqtic s p e c i f i c a t i o n  of  g r i d  p o i n t s  and alements  
when t h e i r  symmetrical coun te r  p a r t s  a r e  d e f i n e d .  

When t h e  sylninetry c m d i t i o n  e x i s t s ,  it may b e  d e s i r a b l e  t o  
reduce t h e  nunibel of  l i n e s  t o  be  d i s p l a y e d  a t  any one time. 
A 5 ;  Tet r i c  model l i g h t  b u t t o n  ( d i s p l a y  selectable o p t i o n )  w i l l  
be provided f o r  t h i s  purpose.  When t h e  symmetric model b u t t p n  
i s  chosen and symmetry e x i s t s  ( t h e  symmetry f l a g  has  been s e t ) ,  
t h e  model w i l l  be reduced t o  t h e  symmetric d i s p l a y .  As w i t h  
t h e  zoom and a l t e r  v i eh  l i g h t  b u t t o n s ,  t h e  symmetric moc'-.l 
bu t ton  may h e  a c t i v a t e 6  a t  any time. In  a d d i t i o n ,  t h e r e  w i l l  
be  a l i g h t  bu t ton  which w i l l  enab le  t h e  u s e r  t o  r e s t o r e  t h e  
complet t  d i s p l a y .  

The n c x t  stc,,  w i l l  i r .volve ;ne c r e a t i o n  o f  c u t t i n g  p l a n e s  f o r  
v i s u a i  ' ii .;yL,ctiori o f  t h e  model and For d e f i n i t i o n  o f  mo! l i n e s .  
A',.; p s i t i o n ; n g  of  the c u t t i n g  , i . n e  w i l l  be under u s e r  c o n t r o l ,  
anti t i l e  method cf  i J c n t , f y i n q  t h i s  p l ane  w i l l  be & h e  same as 
- 1 ~  > c ~ -  ' I : , ,  irl t h e  hasic Geomet?y F i l e  C;er.- r . i t o r  f u n c t i o n .  
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i '  

r.* Oncc a c u t t i n g  pl;inc is c s t a l ~ l i s l i c d ,  its p s i t i o i l  c;in I)e ; ~ I I c I c ~ ~ I  

o r  d c l c t c d  by s e l e c t i n g  the a p p r o p r i a t e  l i g h t  b u t t o n s .  1)isI)lay 
s e l e c t i o l i s  w i l l  be  a v a i l a b l e  which, when used i n  con junc t ion  w i t h  

an e s t a b l i s h e d  c u t t i n g  p l a n e ,  w i l l  r e su l t  in t h e  d i s p l a y  o f  t h e  
t r a c e  from any selec -d view made by p a s s i n g  t h e  c u t t i n g  p l a n e  
through t h e  r eg ion .  

The n e x t  s t e p  i n  t h e  model d e f i r , i t i o n  w i l l  be t h e  g r i d  po in t  
gene ra t ion .  The t e r m i n a l  u s e r  w i l l  have t h e  op t ion  of  s c l c L t i n g  
au tomat ic  o r  manual g r i d  g e n e r a t i o n .  He a l s o  must i n d i c a t c  t h c  

mesh o r  number of  d i v i s i o n s  between c o n t r o l  p o i n t s .  

When t h e  g r i d  i s  t o  b e  a u t o m a t i c a l l y  g e n e r a t c d ,  t h e  u s c r  c;iu 
choose from s e v e r a l  r e g u l a r  s h e l l . ;  of r e v o l u t i o n  t o  gcncr; i tc  the 
d e s i r e d  g r i d  poif i ts  o r  he can u s c  t h e  m i l l i n g  machine l o f t i n g  
r o u t i n e  FMILL froln t h e  APT s y s t e m * .  I f  B s h e l l  o f  r e v o l u t i o n  1 .  

s e l e c t 4  t h e  u s e r  w i l i  be  prompted fo r  keyboard e n t r i e s  of  t h e  
liecessary dimensions and g r i d  s p a c i n g  s p e c i f i c a t i o n s .  

When t h e  FMILL. o p t i o n  j.s s e l e c t e d ,  t h e  g r i d  spac ing  w i l l  be d e t e r -  
mined by s p e c i f y i n g  t5rough t h e  keyboard t h e  number of rows and 
colunns i n  t h e  g r i d  m a t r i x  of t h e  segment. The c o n t r o l  p o i n t s  
used i n  t h e  FMILL r o u t i n e  o f  t h e  Bas i c  Geometry F i l e  Generator  
funct'on w i l l  de i ,ne  t h e  segmental  s u b d i v i s i o n  of t h e  r e g i o n s .  
Add i t iona l  FMILL i n p u t  parameters ,  w i l l  d e f i n e  t h e  mesh of  each 
segme,it. Thus, au tomnt ic  g r i d  p o i n t  numbering w i l l  make use of  
t h e  i34Ti.L gene ra t ed  mesh.  The g r i d  p o i n t s  au tomat i ca l  I y  c r c a t c d  
can he numbered a u t o m a t i c a l l y  a l s o  o r  t h e y  can b e  numbered iiian- 

u a l l y  i f  d e s i r e d .  When a f i n e  mesh has  been c r e a t e d  au tomat i c -  
a l l ) . ,  t h c  u s e r  w i l l  have t h e  o p t i o n  t o  r e t a i n  a l l  p o i n t s  a s  g r i d  
p i f i t s  o r  t o  s- lect  p o i n t s  from t h e  m ;h t o  be S J V C S  a s  g i i d  
p o i n t s .  The nonse lec t ed  p o i n t s  w i l l .  no t  b-J saved .  

"ATT !;ncycIopedia, Programmcrs P- ference  Manual, iJNIV.IC , 11Ok-1108, U r 4 0 7 8 ,  r e v .  2 ,  p p .  9 n - 1  through 9I)-11;. 
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When t h e  g r i d  i s  t o  be manually genc ra t ed ,  t h e  u s e r  w i l l  have 
s e v e r a l  a l t e r n a t e  methods a v a i l a b l e  f o r  t h e  c r e a t i o n  of any g r i d  
~ ~ i n t .  He call p o s i t i o n  t h e  t r a c k i n g  cross  a t  t h e  d e s i r e d  l o c a -  
t i o n  ( i t  may be  necessa ry  t o  a l t e r  t h e  view t o  accomplish t h i s ) ,  
he can u s e  t h e  keyboard t o  e n t e r  Y, Z c o o r d i n a t e s ,  o r  he can  
en ter  A X ,  AY, A2 i nc , emen ta l  v a i d e s .  The g r i d  p o i n t s  c r e a t e d  
can b e  numbered i n  a s imilar  manntr by e n t e r i n g  t h e  g r i d  p o i n t  
number o r  by incrementing by a d e l t a  g r i d  p o i n t  number. Manual 
g r i d  p o i n t  s e l e c t i o n  w i l l  o v e r r i d e  t h e  mesh e s t a b l i s h e d  by t h e  
FMILL d e f i n i t i o n  o f  t h e  r eg ion  i f  d e s i r e d .  

Another manual o p t i o n  w i l l  be a v a i l a b l e  fo r  g r i d  p o i n t  d e f i n i t i o n .  
T h i s  o p t i o n  w i l l  p rov ide  t h e  c a p a b i l i t y  t o  read  a f i l e  c o n t a i n i n g  
imagcs of  NASTRAN G R I D  c a r d s .  The u s e r  can d e l e t e  o r  modify a 
p r e v i o u s l y  c r e a t e d  g r i d  p o i n t  a t  an) time d u r i n g  t h i s  phase  of 
proccss  ing  . 

I n t e r r o g a t i o n s  o f  t h e  g r i d  can be  made a t  t h e  complet ion o f  t h e  
au tomat ic  o p e r a t i o n  and a t  any time d u r i n g  t h e  manual g r i d  c r e a -  
t i o n .  Under t h i s  c o n t r o l ,  a l l  g r i d  p o i n t  numbers can be  s u p e r -  
imposed on t h e  d i s p l a y ,  o r  i n d i v i d u a l  g r i d  p o i n t s  can be  s e l e c t e d  
f o r  i n t c r r o g a t i o n .  T h e  user  will have t h e  c a p a b i l i t y  t o  change 
t h e  c o o r d i n a t e s  o f  any g r i d  p o i n t .  Another o p t i o n  w i l l  be a v a i l -  
a b l e  ithich w i l l  F e r m i t  d i s r l a y  o f  t h e  j u s t  completed r e g i o n ,  t h e  
p rcv ious ly  comp!tted reg ion , ,  and t h e  undiv ided  r e z i o n s .  The 
capability w i l l  a l s o  e x i s t  t o  c r e a t e  g r i d  p o i n t s  o f f s e t  inward 
~5 i prescribed d i s t a n c e  alor?g ,he normal t o  t h e  o u t e r  s u r f a c e .  

iIic . r ~ i x c t u ~ ; i l  e lements  now can be d e f i n e d  and numbLred by 
a s s o c i a t i n g  clemciit types  wi th  g r i d  p c i n t s  t o  form t h e  s t r u c -  
t u r a l  moc!tl. F i f tcer !  XISTRAN -'.??merits w i l l  be  a v a i l a b l e  €or  
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use in ISAS.  They are C3.4S, CONROD, CROD, CTUBE, CQDMEM, 
CQDMEM1, CQDMEMZ, CQDPLT, CQUAD1, CQUADZ, CSHEAR, CTRIA1, 
CTRIAZ, CTRMEM, and CTKPLT. Refer to the NASTRAN User’s 
ManuaZ 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 
ior 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 NASTRkZ’ bulk data 
carcis. 

Another option which can be used t o  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 b e  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 
o r  a message will be displayed informing the user of an error 
in the element definition. When the delete option is chosen, 
the sser will select with the light pen the element to be deleted, 
thus causing it to Srighten or blink. This element will be 
removed f r o n  the structural element list, 2 1 its display will 
be deleted from thc screen. When the modify option is selectL\d, 
the user Kill select with the light pen the element to be modi- 
f i e d ,  causing its display o brighten or blink, and all informp- 
t.-on cor-cerning the eleme::: will be displayed in a form w h i c h  
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csn b e  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 t o  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 o r  at any time 
d u r i n g  manual element generation, the display element option 
can be chosen. T h e  display element option will permit display 
of  either connected or unconnected nodes and particular element 
types either separately or in combination. i t  wiii a i s u  pet111i i  

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 pro\-ided to display the elements in the just 
completed region, in the previously defined regioa, 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 Lnformatim d s  the model is 
built or as a separate function. When the cell identification 
path i s  chosen, four options will always be available for entering 
or changing the cell ID'S. They are 

0 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 
th3t substructure. 
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I 0 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 inpiit. 

0 Option 3 - Input one element ID number and change either or 
both of the cell numbers that already exist for that element. 

a 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 

; e -  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 nunbers, 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, w!iich may be selected as applicable. 

4.31.3.1.2 Aerodyriamic Model Generation 

When the aerodynamic opticn is sclccted, the user will identify 
the structure and substructure from the Basic Geometry Data F i l c .  
This will be done as described for the structural option by 
entering the sppropriste ID'S o r  by specifying a rectangular 
~olid. The portion of the model just described will be d i s -  
played on the screen. 
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The zoom, a l t e r  view, and r e s t o r e  o p t i o n s  w i l l  he  provided a t  
t h i s  s t a g e  i n  t h e  p rocess ing  f u n c t i o n  and w i l l  a lways be a v a i l -  
a b l e  d u r i n g  p rocess ing .  

The u s e r  w i l l  be asked t o  s p e c i f y  t h e  model l o c a t i o n  ( f u s e l a g e ,  
wing, v e r t i c a l  t a i l )  of t h e  s u b s t r u c t u r e  s e l e c t e d  because of  
t h e  d i f f e r e n c e  i n  t y p e  o f  d a t a  t o  b e  er.tered and c a l c u l a t i o n s  
t o  b e  performed. The d i a l o g u e  w i l l  t h e n  b e  s l a n t e d  toward t h i s  
s p e c i f i e d  p o r t i o n  of t h e  a i r c r a f t .  For example, i f  t h e  f u s e l a g e  
i s  s e l e c t e d ,  t h e  t e r m i n a l  o p e r a t o r  w i l l  b e  asked t o  i n p u t  t h e  
l eng th  ( L )  and t h e  v a l u e s  of  X- re fe recce ,  Y- re fe rence ,  and 
Z -  r e f e r e n c e .  

, I s  with  thc s t r u c t ,  , a 1  o p t i o n ,  t h e  reg ion  t h a t  w i l l  be  worked 
w i l l  be i d e n t i f i e d  by e n t e r i n g  t h e  1 t o  15  c h a r a c t e r  a lpha -  
numer i c  r eo ion  i d e 1 ; t i f i c a t i o n  o r  by us ing  t h e  l i g h t  pen t o  
s e l ec t  t he  r eg ion  d i r e c t l y  from t h e  g r a p h i c a l  d i s p l a y .  Next ,  
t h e  o p e r a t o r  w i l l  be r e q u e s t e d  t o  i n d i c a t e  t h e  symmetry s t a t u s .  
I f  symmetry does n o t  e x i s t  o r  i f  the  u s e r  wishes t o  s k i p  i t s  
d e f i n i t i o n ,  t h e  pagz o p t i o n  w i l l  be  s e l e c t e d .  However, i f  sym- 
m e t r y  does e x i s t  w i t h i n  t h e  r e g i o n  and t h i s  c o n d i t i o n  i:; t o  be  
used,  t h e  symmetry o p t i o n  w i l l  be  s e l e c t e d .  The a x i s  ( o r  axes)  
qf symmetry w i l l  be s p e c i f i e d ,  caus ing  f l a g s  t o  be  s e t .  T h i s  
e i t h e r  w i l l  a c t i v a t e  t h e  mirror image g e n e r a t i o n  of p o i n t s  around 
a t r a c e  when p o i n t s  frcm 0" t o  180° a l e  i n p u t  o r  w i l l  cause t h e  

a u t o n a t i c  g e n e r a t i o n  of p o i n t s  when t h e i r  symmetric c o u n t e r p a r t s  
are de f ined .  The symmetry s t a t u s  can  be  r e d e f i n e d  a t  any t ime 
dur ing  t h e  model g e n e r a t i o n .  

The  nex t  s t e p  w i l l  i nvo lve  t h e  c r e a t i o n  of  c u t t i n g  p l anes  f o r  
t h e  a i r f o i :  d e f i n i t i , . r s .  T h e  c u t t i n g  p l anes  w i l l  be  p o s i t i o n e d  
a long  t i t  .*' s n c c i f y i n g  t h e  p e r c e n t  of l e n g t h  o r  pe rcen t  
of  spa, ,  s a r e  d e s i r e d .  
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The model d e f i n i t i o n  w i l l  c o n t i n u e  w i t h  t h e  g r i d  p o i n t  spac ing  
o r  g r i ,  p o i n t  s p e c i f i c a t i o n .  The u s e r  w i l l  s e l ec t  a c u t t i n g  
p l ane  l o c a t i o n  and then  proceed w i t h  t h e  g r i d  p o i n t  c r e a t i o n .  
When a c u t t i n g  p l a n e  i s  s e l e c t e d ,  t h e  trace o f  t h e  p l a n e  through 
t h e  model w i l l  b e  d i s p l a y e d .  Grid p o i n t s  w i l l  be def ined  around 
t h e  t race ,  and depending on t h e  model l o c a t i o n  s e l e c t e d ,  o t h e r  
necessa ry  c a l c u l a t i o n s  w i l l  be made. Two t y p e s  o f  t r a c e s  are  
d e p i c t e d  i n  f i g u r e  4 . 3 1 - 2 .  For t h e  f u s e l a g e  t race,  a p o l a r  
c o o r d i n a t e  g r i d  can be  d i s p l a y e d  l i g h t l y  ove r  t h e  t race  i f  
d e s i r e d .  

The t e r m i n a l  u s e r  w i l l  have t h e  o p t i o n  o f  s e l e c t i n g  au tomat ic  
o r  manual g r i d  g e n e r a t i o n .  He a l s o  must i d e n t i f y  each segmeat 
o f  t h e  r eg ion  and i n d i c a t e  t h e  mesh o r  g r i d  spac ing  d e s i r e d  f o r  
t h a t  segment. The segment w i l l  be  s e l e c t e d  by e i t h e r  e n t e r i n g  
i t s  i d e n t i f i c a t i o n  number through t h e  keyboard o r  by l i g h t  pen- 
n ing  it  on t h e  d i s p l a y .  

When t h e  g r i d  i s  t o  be a u t o m a t i c a l l y  g e n e r a t e d ,  t h e  u s e r  can 
choose from s e v e r a l  r e g u l a r  s h e l l s  of  r e v o l u t i o n  t o  g t i l e r a t e  t h e  
d e s i r e d  g r i d  p o i n t s  o r  he can use  t h e  m i l l i n g  machine l o f t i n g  
r o u t i n e  FMILL from t h e  APT system." I f  a s h e l l  o f  r e v o l u t i o n  
is  s e l e c t e d ,  t h e  u s e r  w i l l  be l e d  through t h e  keyboard e n t r i e s  
o f  t h e  necessa ry  dimension and g r i d  spac ing  s p e c i f i c a t i o n s .  
When t h e  ;:MILL o p t i o n  i s  s e l e c t e d ,  t h e  g r i d  spac ing  w i l l  be 
determined by s p e c i f y i n g  thr0u-F ?he keyboard t h e  number o f  
rows and columns i n  t h e  g r i d  ma,rix o f  t h e  segment. The g r i d  
p o i n t s  a u t o m a t i c a l l y  c r e a t e d  w i i l  be nurlibered by u s i n g  t h e  l a s t  
numbered p o i n t  as  a base  o r  by us ing  t h e  keyboard t o  s p e c i f y  
t h e  s t a r t i n g  num5er f o r  t h e  s e g m e n t .  

- 
*A  T EncycTopedia, Programmers Reference Manual, USIVAC: 

1lflh-11:8, U P 4 0 7 8 ,  r e v .  2 ,  p p .  9D-1 t h r m g h  9 D - 1 s .  
4 
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When the g r i d  is t o  be manually g e n e r a t e d ,  t h e  u s e r  w i l l  have 
s e v e r a l  a l t e r n a t e  methods a v a i l a b l e  f o r  t h e  c r e a t i o n  of any g r i d  
p o i n t .  He can  p o s i t i o n  t h e  t r a c k i n g  c r o s s  a t  t h e  d e s i r e d  locri- 
t i o n  ( i t  may be necessa ry  t o  a l t e r  t h e  view t o  accomplish t h i s ) ,  
he  can u s e  t h e  keyboard t o  e n t e r  X ,  Y ,  Z c o o r d i n a t e s ,  o r  h e  can  
e n t e r  A X ,  B Y ,  AZ incrementa l  v a l u e s .  The g r i d  p o i n t s  c r e a t e d  can 
be numbcred i n  a similar manncr by e n t e r i n g  t h e  g r i d  p o i n t  numbcr 
o r  by increment ing  by a d e l t a  g r i d  p o i n t  number. T h e  u s e r  can 
d c l e t c  o r  modify a p r e v i o u s l y  c r e a t e d  g r i d  p o i n t  a t  any t ime 
dur ing  t h i s  phase of p rocess ing .  

I n t e r r o s a t i o n s  o f  t h e  g r i d  can be made a t  t h e  complet ion of  t h e  
au tomat ic  o p e r a t i o n  and a t  any time d u r i n g  t h e  manual g r i d  c r e a -  
t i o n .  Under t h i s  c o n t r o l ,  a l l  g r i d  p o i n t  numbers can be s u p e r -  
imposed on t h e  d i s p l a y ,  o r  i n d i v i d u a l  g r i d  p o i n t s  can be s e l e c t e d  
f o r  i n t e r r o g a t i o n .  Light  pen s e l e c t i o n  of a g r i d  p o i n t  w i l l  
cause  t h e  g r i d  p o i n t  t o  b r i g h t e n  o r  b l i n k ,  and i t s  c o o r d i n a t e s  
and numbe: w i l l  be  d i s p l a y e d .  Another o p t i o n  w i l l  be a v a i l a b l e  
which w i l l  pe rmi t  d i s p l a y  o f  t h e  j u s t  completed r e g i o n ,  t h e  p r e -  
v ious ly  completed r e g i o n s ,  and t h e  r e g i o n s  whose e lements  are  
undefined.  The t e r m i n a l  u s e r  w i l l  have o p t i o n s  a v a i l a b l e  f o r  
t h e  c r e a t i o n  o f  a i r f o i l  e lements  and t h e  d e l e t i m ,  m o d i f i c a t i o n ,  
and i n t e r r o g a t i o n  of  p r e v i o u s l y  d e f i n e d  a i r f o i l s .  When ‘ 1 1  
r eg ions  w i t h i n  t h e  s u b s t r u c t u r e  have been d e f i n e d ,  t h e  u s e r  can  
g r a ~ h i c a ’ ’  reexamine t h e  model, he can go t o  t h e  d a t a  e d i t  
phase ,  o r  hc can t e r m i n a t e  t h e  j ob .  

4.31.3.2 Data E d i t  Phase 

The purpose of  t h e  d a t a  e d i t  phase  of  t h e  User Model F i l e  Gcn 
e r a t o r  f u n c t i o n  i s  t o  d i s p l a y  c a r d  image f i l e s  i n  a t a b u i a r  
format.  T h i s  format w i l l  pe rmi t  e d i t i n g  and m e r g i n g  of the 
f i l e s  i n t o  one f i l e  which can be i n p u t  t o  ba t ch  resequencing  
programs ( i f  d e s i r e d )  and subsequent ly  i n p u t  t o  N A S T R A N .  T h e  
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p o s s i b l e  f i l e  combinat ions which can be  involved  i n  t h e  d a t a  c d i t  

phase a r e  as  fo l lows .  A l l  of t h e  f i l e s  w i l l  be  w r i t t e n  i n  t h e  
User Model F i l e  format .  

For a d a t a  e d i t  e n t e r e d  from t h e  User Model F i l e  Gene ra to r ,  
t h r e e  c o n d i t i o n s  can e x i s t .  

0 The N e w  User Model F i l e  wi thout  e d i t i n g  w i l l  b e  i n p u t  t o  
che resequencing  program where a Resequenced User Model F i i e  
w i l l  be c r e a t e d .  

0 The N e w  User Model F i l e  w i l l  be  e d i t e d  forming t h e  Ed i t ed /  
Merged User Model F i l e  which w i l l  t h e n  be i n p u t  t o  t h e  
resequencing  program where a Resequenced User Model F i l e  
w i l l  be c r e a t e d .  

e The N e w  User Model F i l e  and an Old User Model F i l e  w i l l  be 
e d i t e d  and merged t o  form t h e  Edited/M2rged User Model F i l e  
which w i l l  then  be i n p u t  t o  t h e  resequencing  program where 
a Resequenced User Model F i l e  w i l l  be c r e a t e d .  

In  a d d i t i o n ,  f o r  a d a t a  e d i t  e n t e r e d  d i r e c t l y ,  t h r e e  c o n d i t i o n s  
can e x i s t .  

0 The c o n t e n t s  of two p r e v i o u s l y  c r e a t e d  User Model F i l e s  w i l l  

be  merged and e d i t e d  t o  form t h e  Edited/Merged User Model 
F i l e  which w i l l  t hen  be inFut  t o  t h e  resequencing  program 
where a Resequenced User Model F i l e  w i l l  b e  c r e a t e d .  

0 Ari Old User Model F i l e  w i l l  b e  z d i t e d  forming t h e  Ed i t ed /  
Merged User Model F i l e  which w i l l  then be i n p u t  t o  t h e  
r c s tquenc ing  program where a Resequenced User Model F i l e  
will be c r e a t e d .  

0 An Old User Model F i l e  wi thou t  e d i t i n g  w i l l  be inpu t  t o  
t h e  resequencing  program where a Resequenced User Model 
F i l e  w i l l  be c r e a t e d .  

.! 
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When t h e  d a t a  e d i t  phasc i s  e n t e r e d  from t h e  User Model F i l e  
Genera tor  f u n c t i o n ,  t h e  "new" User Model F i l e  name w i l l  be  a u t o -  
m a t i c a l l y  r e t a i n c d  f o r  t h e  e d i t  a c t i v i t y .  When t h e  da'q e d i t  
phase is e n t e r e d  d i r e c t l y ,  t h e  u s e r  w i l l  b e  asked t o  e n t e r  t h e  
f i l e  name and w i l l  be g iven  a d i s p l a y  prompting message as 
d e s c r i b e d  e a r l i e r .  

Regard less  o f  t h e  pa th  t o  t h i s  p o i n t ,  t h e  t e r m i n a l  o p e r a t o r  w i l l  
be a s k e d  i f  t h e r e  i s  a n o t h e r  cIr t loldt '  User Model F i l e  he wishes  
t o  mcrgc w i t h  t h e  o t h c r  f i l e .  I f  t h e  responsc  is yes,  h c  w i l l  
tlien b c  asked t o  cntcr  t h a t  f i l e  name. Another f i l e  name w i l l  
be r e q u i r c d  i f  upclilting o r  mcrging is  t o  rmed, ar?d a g a i n ,  
t h a t  nnmc must b e  e n t e r e d .  The t e r m i n a l  w i l l  t hen  
proceed w i t h  t h e  t a b u l a r  d i s p l a y  and w i l l  e - A c  r h e  f i l e s  t o  form 
t h e  d c s i r e d  s e t  of  c a r d  images. A t a b u l a r  d i s p l a y  o f  t h e  
updated f i l e  can be r e q u e s t e d  t o  v e r i f y  and e d i t ,  i f  n e c e s s a r y ,  
t h e  merged f i l e .  The u s e r  w i l l  s e l e c t  t h e  paging  o p t i o n  when 
ire i s  ready t o  proceed.  Next t h e  t e r m i n a l  w i l l  b e  used t o  e n t e r  
t h z  name o f  t h e  resequencing  b a t c h  program t o  be  used and t o  
e n t e r  any o t h e r  c a r d s  needed f o r  t h e  ba t ch  run .  Another f i l e  
t o  c o n t a i n  t h e  o u t p u t  from t h e  ba t ch  program must b e  i d e n t i i i e d  
by f i l e  name i n  t h e  same manner. The ba tch  run w i l l  t h e n  be  
e n t e r e d  i n  t h e  computer backlog ,  and t h e  i n t e r a c t i v e  t e r m i n a l  
scssio:: w i l l  be  ended. 

4 .31.3 OUTPUT 

The pr imary c u t p u t  from t h i s  f u n c t i o n  w i l l  be t h e  User Model F i l e  
and t h e  g r a p h i c a l  d i s p l a y s  r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  and 
v a l i d a t i o n  of  t h e  f i l e .  The c o n t e n t s  of  t h e  f i l e  and t h e  d i s -  
p l ays  a r e  d i s c u s s e d  i n  s e c t i o n  4.31.5. A d e t a i l e d  d e s c r i p -  
t i o n  of  t h e  f i l e  can b e  found i n  t h e  appendix of t h i s  document. 
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Figure 4 . 3 1 - 1 .  - Data f low diagram for User Model 
F i l e  Gererator .  
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FIGL.,c 4.31-1 - DATA FLOW DIAGRAM FOR USER MODEL FILE 
GENERATOR (continued) 
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FIGURE 4.31-1 - DATA FLOW DIAGRAM FOR USER MOCEL 
F I L E  GENERATOR (contirued) 
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Figure 4.31-1. - Data flow diagram for User Model 
File Generator (continued). 
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Figure 4.31-1. - Data flow diagram for User Model 
F i l e  Generator (continued). 
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Figure 4.31-1. - Data flow diagram for User Model 
File Generator (continued). 
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Figure 4 . 3 1 - 1 .  - Data flow diagram for User Model 
F i l e  Generator (concluded). 
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Z 

R versus 4 a t  X/L 

For fuselage bodies ,  p l o t  R versus 4 i n  polar coordinates 
a t  X / L .  

+Y, + z  

-Y, - z  

Y or Z versus X/C 
a t  Z / L  ur Y / L  

For the wing or v e r t i c a l  t a i l  (and body f l a p ) ,  p lo t  Y versus 
X/C a t  Z/L or Z versus X/C a t  Y/L. Both surfaces must be 
p lot ted .  

Figure 4 .31-2 .  - Sanple traces .  
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4.32 MODEL WEIGHT F I L E  GENERATOR 

4 .32 .1  PURPOSE 

Th i s  f u n c t i o n  w i l l  create a f i l e  c o n t a i n i n g  t h e  weight  a t  each 
s t r u c t u r a l  model g r i d  p o i n t  f o r  u se  i n  s t r u c t u r a l  d e s i g n  and 
a n a l y s i s  p r o b l e m .  In  a d d i t i o n ,  t h i s  f u n c t i o n  w i l l  c o n s t r u c t  a 
temporary Mudel Weight F i l e  c o n t a i n i n g  ' the  weight and c e n t e r  o f  
g r a v i t y  f o r  model subsystems o r  s u b s t r u c t u r e s .  i n fo rma t ion  from 
t h i s  temporary Model Weight F i l e  w i l l  be  used f o r  comparing t h e  
s t r u c t u r a l  model we igh t s  and t h e  Basic Weight F i l e  we igh t s .  In 
a d d i t i o n ,  a Running Weight F i l e  can be c r e a t e d  us ing  t h e  Model 
Weight F i l e .  F i g u r e  4.32-1 is a d a t a  f low diagram f o r  t h e  Model 
Weight F i l e  Genera tor .  

4 .32 .2  INPUT 

The i n p u t  d a t a  r e q u i r e d  by t h i s  f u n c t i o n  w i l l  be o b t a i n e d  from 
t h e  User Model F i l e ,  t h e  Model Mate r i a l  F i l e  t h e  Basic Weight 
F i l e  ( o p t i o n a l )  , and i n t e r a c t i v e  t e r m i n a l  e n t r i e s  a s  needed t o  
develop and v e r i f y  the  s t r u c t u r a l  d e f i n i t i o n  when t h e  Model 
Weight F i l e  is genera ted .  The inpu t  w i l l  c o n s i s t  o f :  

e Node numbers, c o o r d i n a t e s  of  each node, and element  t ype  
from t h e  User Model F i l e  

e Nons t ruc tu ra l  weights  and coord ina te s  of  each weight  p o i n t  
from t h e  Basic  Weight F i l e  

0 M a t e r i a l  d e n s i t y  from t h e  Model Material F i l e  

e E i t h e r  keyboard o r  d i s p l a y - s e l e c t a b l e  t e rmina l  i npu t  

4 .32 .3  PROCESSING 

Process ing  w i l l  c o n s i s t  of  t h r e e  major c a t e g o r i e s  ( g e n e r a t i o n  of 
Model Weight F i l e ,  g e n e r a t i o n  of Running Weight F i l e ,  d a t a  e d i t  
phase) each of  which w i l l  be composed of a number of  subprocesses .  
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The g e n e r a t i o n  of t h e  Model Weight F i l e  w i l l  i n c l u d e  t h e  fo l lowing  
subproce s ses  : 

0 S e l e c t i n g  and a s s i g n i n g  s t r u c t u r a l  we igh t s  t o  t h e  g r i d  p o i n t s  
of t h e  model 

0 S u b t o t a l i n g  we igh t s  and c a l c u l a t i n g  t h e  c e n t e r  of g r a v i t y  by 
subsystem, s u b s t r u c t u r e ,  e tc . ,  t o  t h e  lowes t  i d e n t i f i a b l e  p a r t  

0 Making comparisons of weight  from t h e  Model Weight F i l e  ( t o t a l  
model s t r u c t u r e  weight and/or  s u b s e r t i o n  s t r u c t u r a l  weight )  
w i t h  t h e  cor responding  weight  from t h e  Basic Weight F i l e  

0 Adding d i s c r e t e  n o n s t r u c t u r a l  weights  t o  t h e  g r i d  p o i n t  weight  
t o  y i e l d  the f i n a l  Model Weight F i l e  

The g e n e r a t i o n  of t h e  Running Weight F i l e  w i l l  i nc lude :  

0 Determining t h e  d i s c r e t e  we igh t s  t h a t  w i l l  n o t  b e  added t o  t h e  
g r i d  p o i n t  weights  

0 C a l c u l a t i n g  t h e  d i s t r i b u t e d  ( o r  running)  weight 

The d a t a  e d i t  phase w i l l  i n c l u d e :  

0 Tabular  d i s p l a y  

0 Graphics  

Visua l  d i s p l a y s  o r  menus are t o  be  provided  which w i l l  l e a d  t h e  
user through t h e  p rocess ing  f u n c t i o n .  

4.32.3.1 

The Model Weight F i l e  generared  by this f u n c t i o n  w i l l  c o n t a i n  t h e  
f o  1 lowing : 

Genera t ion  of Model Weight T i le  - 

0 S t r u c t u r a l  model g r i d  p o i n t  numbers 

0 Coordina tes  of  each g r i d  p o i n t  
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0 Weight a t  each g r i d  p o i n t ,  i d e n t i f i e d  a s  coming from t h e  Basic  
Weight F i l e  o r  c a l c u l a t e d  from data from t h e  Model M a t e r i a l  
F i l e  and Element P rope r ty  F i l e  

0 Center  of  g r a v i t y  of t h e  s t r u c t u r a l  model 

0 Mass m a t r i x  ( 6  x 6) f o r  each g r i d  p o i n t ,  which w i l l  i nc lude  
the nine mass moments of i n e r t i a  terms ( C a l c u l a t i n g  t h e  mass 
ma t r ix  w i l l  b e  an o p t i o n  f o r  t h e  t e r m i n a l  user when p r o c e s s i n g . )  

The f i rs t  s t e p  i n  t h e  p rocess ing  w i l l  be  t o  i d e n t i f y ,  by name, t h e  
f i l e s  a s s o c i a t e d  w i t h  t h e  Model Weight F i l e  g e n e r a t i o n .  The f i l e  
names should  b e  e n t e r e d  from t h e  t y m i n a l  as t h e y  are needed and 
r eques t ed  by t h e  d i s p l a y .  Each f i l e  name shou ld  be  checked by t he  
EXEC 8 system, and i f  any f i l e  names a r e  n o t  p r e s e n t  i n  t h e  f i l e  
d i r e c t o r y ,  t h e  t e r m i n a l  u s e r  w i l l  be  informed and g i v e n  t h e  o p t i o n  
of r e e n t e r i n g  t h e  name or t e r m i n a t i n g  t h e  job .  
c o n t i n u e  u n t i l  v a l i d  f i l e  names a r e  e n t e r e d  f o r  t h e  r e q u i r e d  f i l es .  

P rocess ing  cannot  

From t h e  User Model ailc, t h e  g r i d  p o i n t  number and g r i d  p o i n t  
c o o r d i n a t e s  must be e x t r a c t e d .  The Model Material F i l e  w i l l  con-  
t a i n  t h e  t y p e  of  element connec t ing  t h e  model g r i d  p o i n t s  and 
t h e  element d e n s i t y .  A d d i t i o n a l l y ,  n o n s t r u c t u r a l  weights  and 
c o o r d i n a t e s  of  each weight r>oint can be  o b t a i n e d  from t h e  Bas ic  
Weight F i l e .  
i r i l l  b e  o p t i o n a l ,  and t h e  t e r m i n a l  u s e r  w i l l  b e  a b l e  t o  bypass  
t h e  Basic Weight F i l e  i n p u t .  

I n c l u s i o n  of t h e  weights  from t h e  Basic  Weight F i l e  

When v a l i d  f i l e  names have been e n t e r e d ,  t h e  t e r m i n a l  u s e r  w i l l  
b e  g iven  t h e  c h o i c e  of e n t e r i n g  t h e  mass moment of i n e r t i a  terms 
about  t h e  g r i d  p o i n t s .  If t h e  u s e r  chooses t o  en te r  t h e  terms, 
t h e  d i s p l a y  shouz-l p rov ide  f o r  e n t e r i n g  t h e  g r i d  p o i n t s  and t h e  
mass moments of i n e r t i a .  The  number of g r i d  p o i n t s  w i l 3  b e  s u f f i -  
c i e n t l y  l a r g e  i n  most i n s t a n c e s ,  so t h a t  a t o t a l  mass ma t r ix  and a 
t o t a l  mass moment of i n e r t i a  can  be  computed from t h e  g r i d  p o i n t  
weights .  
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A t  t h i s  time, t h e  t e r m i n a l  u s e r  should  be a b l e  t o  a s s o c i a t e  t h e  
model g r i d  p o i n t s  w i t h  t h e  mass g r i d  p o i n t s .  S i n c e  e a c h  weight  
from t h e  Bas i c  Weight F i l e  w i l l  be  s t o r e d  w i t h  i t s  c o o r d i n a t e s  
as i s  each  g r i d  p o i n t  i n  t h e  User Model F i l e ,  it w i l l  be  n e c e s s a r y  
t o  a s s i g n  we igh t s  t o  t h e  g r i d  p o i n t s  of t h e  model. T h i s  shou ld  
be done by l i n e a r  i n t e r p o l a t i o n  o r  a r b i t r a r y  assignment  by t h e  
u s e r .  If l i n e a r  i n t e r p o l a t i o n  i s  chosen,  t h e  u s e r  must d e s i g n a t e  
t h e  t h r e e  a d j o i n i n g  g r i d  p o i n t s  f o r  t h e  we igh t s  (on i n s p e c t i o n  of  
t h e  modei) ,  and t h e  weight  w i l l  then  b e  l i n e a r l y  d i s t r i b u t e d  among 
t h e  p o i n t s  ( s e e  L inea r  I n t e r p o l a t i o n  s e c t i o n  f o r  t h e  d e s c r i p t i o n  
of t h e  method t h a t  should  be u s e d ) ,  I f  a r b i t r a r y  assignment  i s  
chosen ,  t h e  g r i d  p o i n t  number and Cartesian c o o r d i n a t e s  should be  
d i s p l a y e d ,  so t h a t  t h e  u s e r  can  d i v i d e  t h e  weight  a r b i t r a r i l y  
from t h e  t e r m i n a l .  

A f t e r  t h e  we igh t s  have been a s s i g n e d ,  a temporary Model Weight 
F i l e  should  c o n t a i n  t h e  model g r i d  p o i n t  number, g r i d  p o i n t  
C a r t e s i a n  c o o r d i n a t e s ,  and i n t e r p o l a t e d  weights  (a 6 x 1 v e c t o r  
f o r  each g r i d  p o i n t ) .  

Next,  t h e  terminal u s e r  should  b e  a b l e  t o  d i s p l a y  t h e  temporary 
Model Weight F i l e  c a r d  images f o r  i n s p e c t i o n  and m o d i f i c a t i o n .  
The u s e r  can i n p u t  from t h e  t e r m i n a l  t h e  s u b t o t a l  c a l c u l a t i o n s  
t ha t  should  be made. The s u b t o t a l s  and c e n t e r  o f  g r a v i t y  Cali be 
c a l c u l a t e d  f o r  any o r  a l l  subsystems and s u b s t r u c t u r e s ,  e t c . ,  t o  
t h e  lowes t  i d e n t i f i a b l e  p a r t .  The s u b t o t a l s  should be c a l c u l a t e d  
f o r  d a t a  i n  t h e  temporary Model Weight F i l e  ( j u s t  c r e a t e d )  and 
t h e  Bas ic  Weight F i l e  ( i f  s e l e c t e d )  and should  be s t o r e d  i n  a 
temporary d a t a  f i l e .  The t e r m i n a l  u s e r  can r e q u e s t  d i s p l a y s  of 
t h i s  temporary d a t a  f i l e  f o r  comparison of  s u b t o t a l s  between t h e  
tempcrary Model Weight F i l e  and t h e  Basic Weight F i l e .  I f  weight  
comparisons a r e  n o t  s a t i s f a c t o r y ,  t h e  u s e r  w i l l  be g iven  t h e  
o p t i o n s  of r e b u i l d i n g  o r  changing t h e  Model Weight F i l e  o r  t e r -  
mina t ing  t h e  j o b .  
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When t h e  comparison i s  a a t i s l - a c t o r y ,  t h e  nex t  process  of  a d d i n g  
a d i sc re t e  or n o n s t r u c t u r s l  weight t o  y i e l d  t h e  f i n a l  Moilcl Weight 
F i l e  can be i n i t i a t e d .  The t e rmina l  u s e r  w i l l  r e q u e s t  t h a t  t h e  
n o n s t r u c t u r a l  weights  and t h e i r  l o c a t i o n  c o o r d i n a t e s  from t h e  
Basic Weight F i l e  be loaded i n t o  t h e  Model Weight F i l e .  The u s e r  
can a l s o  r e q u e s t  t h a t  t h e  mass m a t r i x  be c a l c u l a t e d  by d i v i d i n g  
t h e  Model Weight F i l e  by t h e  g r a v i t a t i o n a l  c o n s t a n t .  (See t h e  
d e s c r i p t i o n  of t h e  method f o r  d e r i v i n g  t h e  mass m a t r i x  i n  sec- 
t i o n  4.32.3.4.) Modeling requi rements  e x i s t  i n  which t h e  mass 
w i l l  n o t  be  equal  f o r  a l l  c o o r d i n a t e  d i r e c t i o n s  p e r  mass p o i n t  
because of  s t r u c t u r a l  c o n s i d e r a t i o n s .  The re fo re ,  t h e  t e rmina l  
u s e r  can make a r b i t r a r y  assignment  of t h e  mass f o r  t h c  a f f e c t e d  
c o o r d i n a t e  d i r e c t i o n .  Then t h i s  a r t i b r a r y  assignment  of mass 

S I I P ~ X  Le e n t e r e d  i n t o  t h e  Model Weight F i le .  

After adding t h e  n o n s t r u c t u r a l  weights  and c a l c u l a t i n g  t h e  mass 
ma t r ix ,  a l l  r e q u i r e d  d a t a  f o r  t h e  Model Weight F i l e  w i l l  be  a v a i l -  
a b l e .  
terminal. 
ma t r ix ;  a l s o ,  t h e  v e c t o r  r e p r e s e n t i n g  t h e  weight  a t  t h e  model 
g r i d  p o i n t s  can be  d i s p l a y e d  a t  t h e  t e r m i n a l  by r e f e r e n c i n g  t h e  
g r i d  p o i n t .  

The u s e r  should  be  a b l e  t o  have t h e  f i l e  d i s p l a y e d  a t  t h e  
The c a p a b i l i t y  chould e x i s t  f o r  d i s p l a y i n g  t h e  mass 

4.32.3.2 

C a l c u l a t i o n  of  t h e  Running Weight F i l e  w i l l  be  an o p t i o n a l  proce-  
du re  f o r  t h e  system u s e r .  I f  t h e  f i l e  is t o  be  c r e a t e d ,  t h e  user 
w i l l  have t h e  o p t i o n  of i n p u t t i n g  a l l  of t h e  d a t a  o r  having t h e  
system t h a t  b u i l d s  t h e  Running Weight F i l e  use  d a t a  from t h e  Basic 
Weight F i l e  and t h e  s t r u c t u r a l  weight  p a r t  of t h e  temporary Model 
Weight F i l e .  

P rocess ing  t h e  Running Weight F i l e  

In t h e  c a l c u l a t i o n  of running we igh t s ,  d i s c r e t e  weights  of signif- 
i c a n t  magnitude r e p r e s e n t i n g  n o n s t r u c t u r a l  masses cannot  bc appor-  
t i o n e d  t o  t h e  g r i d  p o i n t s .  i n s t e a d ,  t h e y  can be moved i n  an ? 
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or thogonal  manner t o  a l i n e  of r e f e r e n c e .  The u s e r  w i l l  ho 
r eques t ed  t o  make t h i s  choice .  

The n e x t  phase w i l l  be  t h e  c a l c u l a t i o n  of t h e  d i s t r i b u t e d  o r  
running weight .  
s t r u c t u r a l  d i s c r e t e  weights  w i l l  be conver ted  t o  a d i s t r i b u t e d  
weight a long  t h e  r e f e r e n c e  l i n e .  Some n o n s t r u c t u r a l  weight of 
s i g n i f i c a n t  magnitude w i l l  become a d i s t r i b u t e d  o r  running weight 
a f t e r  f i r s t  be ing  a s s igned  t o  a g r i d  p o i n t .  

The s t r u c t u r a l  weight  and i n s i g n i f i c a n t  ~ : o ~ ~ -  

'Two t ypes  of r e c o r d s  f o r  each of  t h e  s u b s t r u c t u r e s  cons ide red  
should be  a v a i l a b l e  on t h e  f i l e  and f o r  d i s p l a y .  
weights  w i l l  b e  recorded  v i s - a - v i s  t h e i r  C a r t e s i a n  c o o r d i n a t e s ,  
whi le  t h e  running weight  w i l l  be recorded  i n  pounds p e r  i nch  
along w i t h  t h e  C a r t e s i a n  c o o r d i n a t e s  of  t h e  t e r m i n a l  p o i n t s  
which w i l l  d e f i n e  t h e  range  of t h e  r e f e r e n c e  l i n e  over which 
t h e  loading  a p p l i e s .  Terminal i n p u t  shGuld i n c l u d e  t h e  t o t a l  
r e f e r e n c e  l i n e  range and o r i e n t a t i o n  w i t h  t h e  i n i t i a l  e n t r y  of 
model weight  d a t a .  

The d i s c r e t e  

4.32.3.3 Linear  I n t e r p o l a t i o n  of  t h e  Basic Weight F i l e  

The d i v i s i o n  o f  t h e  weights  among t h r e e  g r i d  p o i n t s  w i l l  be 
accomplished by t h e  use  of a r e a  c o o r d i n a t e s .  The weight t o  be 
d i s t r i b u t e d  is assumed t o  be  i n  t h e  p l ane  o f  t h e  t h r e e  p o i n t s  
( L ,  M, N). Lines connec t ing  t h e  t h r e e  p o i n t s  w i l l  form a t r i -  
ang le  of a r e a  A. Three l i n e s  drawn from t h e  weight W t o  t h e  
apexes of t r i a n g l e  A w i l l  subd iv ide  t h e  t r i a n g l e  i n t o  t h r e e  
smaller t r i a n g l e s  (1 ,  m, n ) ,  The a r e a  of a t r i a n g l e  w i l l  be 
equal  t o  one-ha l f  o f  t h e  magnitude of t h e  v e c t o r  de f ined  by t h e  
c r o s s  product  of  two of i t s  s i d e s .  
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d, - 
The f i r s t  s t e p  w i l l  be  t o  c a l c u l a t e  t h e  c o o r d i n a t e s  
and zw from t h e  p o i n t s  of interest  Xw, Yw, ;nd Zw (rw, Y w ,  
and zw 

xw, Y,q, 

l i e  i n  t h e  p l ane  LMN). 

- 
W 

z - z  
W 

xw - xw P - Yw 
W 

a -b=-- C . -  

The v a r i a b l e s  a ,  b ,  and c w i l l  be d i . r ec t iona1  numbers from t h e  
equa t ion  of  t h e  p l a n e  LMN: 

a ( x  - xL) + b ( y  - yL) + c ( z  - zL) = 0 

or 

ax + by + cz = d ( 2 1  

.- 
Solv ing  (1)  e x p l i c i t l y  f o r  Xw and Zw as f u n c t i o n s  of *iw 
w i l l  y i e l d  

- and - Zw = k(Yw - Yw) + zv 
xw = ;(Yw - yw) + xw 

S u b s t i t u t i n g  xw and rw i n t o  ( 2 )  w i l l  y i e l d  

'*) + a(Xw - ZY b w  ) + c(Zw - t Y w )  = d 

d + a(6Yw a - X w )  + c(zYw - Zw) T =  
W 
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P (a2 + c')Y, - b(aXw + cZw - d )  
Y W  ( a 2  + b2 + c 2 )  

S i m i l a r l y ,  

- - ( b 2  + c-la) - ;(byw;; cZW - d )  

+ b  + c  xw - 

and 

- - (a '  7- bZ)Zw - c(aXw + bYw - d )  

( a 2  + b2 + c 2 )  zw - -- - 

- 
The c o o r d i n a t e s  
f 9 r  t h e  d e f i n i t i o n -  of t h e  v e c t o r s  E, m, and . 

Xw, yw, and zw i n  t h e  p l a n e  LMN w i l l  be  used 

The c r o s s  product  of two v e c t o r s  (A x B) can b e  d e f i n e d  i n  
de t e rminan t  form as 

where i ,  j ,  and k are u n i t  y e c t o r s .  The magnitude of t h e  
r e* ;u l t i ng  v e c t o r  w i l l  be twice t h e  a r e a  of a t r i a n g l e ,  two s i d e s  
af which a re  A and B. Thus, l i n e a r  d i s t r i b u t i o n  of  a q u a n t i t y  
can be e a s i l y  accomplished g iven  t h e  C a r t e s i a n  c o o r d i n a t e s  of  
t h e  g r i d  p o i n t  and t h e  p o i n t  of  int2;est. 
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I N 
f 

I 

M 

L 

The weight 1 w i l l  be d is tr ibuted t o  the three gr id  points 
N, L, and M as follows: 

The interpolated value for W wi..1 be 

WLR + Wp + WNn 
A W =  
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4.32.3.4 Derivation of Mass Matrix €or Each Grid Point 

The mass properties per grid point about some reference point 
or the mass center of gravity will be 

Or in expanded notation, the mass properties per grid point 
will be 

0 12 My 

0 9 
0 - ZMy 

0 

where 
I,, = Z2T + y 2 M, 

2 2 = Z Mx + xM, 

2 2 
Y 

IYY 

Izz = y M, + x I4 

Ixy = -xyM, 

0 

0 

MZ 

yMz 

-xMz 
0 

- 
0 zMX -YM, 

Y 
- ZMy 0 XM 

YMZ -*, 0 

I XX IXY IXt 

IXY IYY IYZ 

IXZ IYZ I22 

4-366  



Coordinate distances from mass points t o  t h e  center of t o t a l  
mass of the structure w i l l  be X ,  Y ,  and 2. 

t Z  

I \  
reo/ QF ( i n e r t i a l  coordinate 

I +-Y 

4J  & k t  

a 
-- ----- YD (reference l i n e  coordinate system) 

Yj  , Z i ,  and Z .  w i l l  be 
measured i n  t h i s  system 
x i ,  x j ,  yi, J 

(vehic le  coordinate system orig’v.) 

ROF 

- 
system) 
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where 

'OF 

X - d i r e c t i o n  c o s i n e s  of v e h i c l e  and r e f e r e n c e  l i n e  c o o r d i n a t e  

- d i r e c t i o n  cosines of i n e r t i a l  and, r e f e r e n c e  l i n e  coor- 
d i n a t e  systems 

systems 

I - u n i t  m a t r i x  

0 - n u l l  ma t r ix  

(Yj - Yi) 

- ( x j  - Xi) 1 -[  - C Y j  - Yi) ( X j  - Xi) 

0 - ( z j  - Zi) 

(Zj - Zi) 0 

0 

4 . 3 2 . 4  OUTPUT 

The pr imary ou tpu t  from t h i s  f u n c t i o n  w i l l  be t h e  Model Weight 
F i l e .  
oq tpu t  f i l e .  

In  a d d i t i o n ,  t h e  Running Weight F i l e  w i l l  ? -  an o p t i o n a l  

I 
The u s e r  can r e q u e s t  o u t p u t  ( t a b u l a t i o n s  and d i s p l a y s )  a s  t h e  
f i l e s  a r e  be ing  c r e a t e d .  
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I A I 

Figure 4 . 3 2 - 1 .  - Data flow diagram for Model Weight 
Fi le  Generator. 
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This  f u n c t i o n  w i l l  be used t o  p rov ide  remote t e r m i n a l  d i s p l a y s  
( t a b u l a t i o n s  and g r a p h i c s )  o f  d a t a  r e t r i e v e d  from t h e  C a t  
Required P o i n t s  F i l e  and t h e  VADIC Output  F i l e .  The s t a n d a r d  
f e a t u r e  of d a t a  e d i t i n g  should  a l s o  be  provided  i n  t h i s  func t ion .  
F igu re  4.33-1 i s  a d a t a  flow diagram o f  t h e  Vent ing Analys is  
f u n c t i o n .  

P 

4.33.2 INPUT 

The on ly  two f i l e s  i n p u t  t o  t h i s  demand f u n c t i o n  E r e  t h e  C a t  
Required P o i n t s  F i l e  and t h e  VADIC Output  F i l e  (see t h e  appendix) .  
Some manual i npu t  a t  t h e  remote t e r m i n a l  w i l l  be r e q u i r e d  i n  
o r d e r  t o  c o n t r o l  t h e  f u n c t i o n  and te  e d i t  t h e  d a t a .  The ba tch  
program which w i l l  be  used i n  c o n j u n c t i o n  w i t h  t h i s  f u n c t i o n  w i l l  
o b t a i n  d a t a  from t h e  S tandard  Atmosphere F i l e  and t h e  Trajectory 
Data F i l e .  However, no c a p a b i l i t y  is r e q u i r e d  o f  t h e  demand 
f u n c t i o n  i n  r e s p e c t  t o  t h e s e  f i l e s .  

P 

4.33.3 PROCESSING 

The on ly  p rocess ing  r e q u i r e d  o f  t h i s  f u n c t i o n  w i l l  be t h e  con- 
s t r u c t i o n  of  d i s p l a y s  f o r  t h e  remote t e r m i n a l  ( s e e  s e c t i o n  4.33.4).  
No c a l c u l a t i o n s  w i l l  be performed, znd no d a t a  f i l es  w i l l  be 
c r e a t e d .  

4.33.4 OUTPUT 

The d i s p l a y  c a p a b i l i t y  d e s c r i b e d  in t h e  s e c t i o n  f o r  t h e  Aero- 
dynamic Data Base Generator  w i l l  be r e q u i r e d  f o r  t h e  C a t  
Required Po in t s  F i l e .  An a d d i t i o n a l  t h r e e  types  of  t a b u l a t i o n  
a r e  r equ i r ed .  For t h e  case where one Mach number, a few a n g l e s  
of a t t a c k  ( a ) ,  and several ang le s  of s i d e s l i p  ( B )  e x i s t ,  t h e  
p r e s s u r e  c o e f f i c i e n t s  w i l l  be  t a b u l a t e d  as shown i n  f i g u r e  4.33-2. 
If  a d d i t i o n a l  pages are r e q u i r e d  i n  o r d e r  t o  have columns f o r  

P 
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I t h e  d i f f e r e n t  a n g l e s  of s i d e s l i p ,  t h e y  shou ld  be  i n  t h e  same 
format .  The reverse c a s e  w i l l  a l s o  e x i s t  where t h e r e  a r e  on ly  
two o r  t h r e e  a n g l e s  o f  s i d e s l i p  and many a n g l e s  o f  a t t a c k .  
In t h i s  e v e n t ,  t h e  d a t a  should  be t a b u l a t e d  i n  t h e  format  shown 
by f i g u r e  4.33-3. The t h i r d  type  of t a b u l a t i o n  ( f i g u r e  4 . 3 3 - 4 )  
w i l l  be  used when t h e r e  are only  one o r  two a n g l e s  of  a t t a c k  and 
a n g l e s  o f  s i d e s l i p  b u t  s e v e r a l  Mach numbers. 

Three types o f  g r a p h i c a l  d i s p l a y s  a r e  r e q u i r e d  f o r  d a t a  e x t r a c t e d  
from t h e  C a t  Required P o i n t s  F i l e .  
example of  t h e  f irst  p l o t  t ype .  A t  a g iven  X s t a t i o n ,  a n g u l a r  
p o s i t i o n  on f u s e l a g e  abou t  X a x i s  ($), and a n g l e  o f  s i d e s l i p ,  t h e  
i n t e r p o l a t e d  p r e s s u r e  c o e f f i c i e n t s  ( C  ) w i l l  be  p l o t t e d  v e r s u s  P 
Mach number. A l l  d a t a  f o r  a l l  a n g l e s  of  a t t a c k  should  be  p l o t t e d .  

F i g u r e  4 .33 -5  shows an P 

The second t y p e  w i l l  be  similar t o  t h e  f i r s t  excep t  t h a t  C w i l l  
be  p l o t t e d  v e r s u s  X v e h i c l e  s t a t i o n  f o r  a s p e c i f i e d  Mach number, 
ang le  of  s i d e s l i p ,  and cp . An example o f  t h i s  t y p e  of  p l o t  is 
shown i n  f i g u r e  4 . 3 3 - 6 .  
is  a l s o  shown a t  t h e  bot tom o f  t h e  p l o t .  

P 

A p l o t  o f  t h e  v e h i c l e  a t  t h e  g i v e n  9 

For t h e  t h i r d  t y p e  of p l o t ,  t h e  v e h i c l e  cross s e c t i o n  a t  a g iven  
X s t a t i o n  w i l l  be p l o t t e d  surrounded by a p l o t  o f  t h e  p r e s s u r e  
c o e f f i c i e n t s  a t  a l l  v a l u e s  f o r  @ . Also ,  a r e f e r e n c e  gu ide  f o r  
C e q u a l s  z e r o  should  be p l o t t e d  about t h e  c r o s s  s e c t i o n .  
F igu re  4.33-7 shows an  example of t h i s  p l o t  t y p e .  

P 

A l l  p l o t s  r e q u i r e d  of  d a t a  from t h e  VADIC Output Data F i l e  w i l l  
conform t o  t h e  example shown i n  f i g u r e  4.33-8.  These p l o t s  w i l l  
be  e i t h e r  ambient p r e s s u r e  (P- ) ,  dynamic p r e s s u r e  (q), o r  c e l l  
p r e s s u r e  p l o t t e d  v e r s u s  t ime.  

T a b u l a t i o n  d i s p l a y s  w i l l  be gene ra t ed  i n  one of  two formats  f o r  
d a t a  from t h e  VADIC Output F i l e .  F igu re  4.33-9 is t h e  f i r s t  
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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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1 
I LOADS CHART. FLOU I 
IDENTICAL IN DASHED 

------ 
~ R E F E R  TO ABRODYNAHIC 

I BOX I 

- - -f- - - - 

4 
I r 

PRINTOUT 

NORMAL BATCH ------ 

Figure 4 . 3 3 - 1 .  - Data flow diagram for Venting Analysis. 
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MACH NUMBER = X X . X  

X 

S T A T I O N  

Y Z 

T I T L E  

ALPHA = X X . X X  

BETA = X . X  BETA = X . X  

CP CP 

BETA = X . X  

CP 

Figure 4.33-2.  - Example tabulation of  pressure c o e f f i c i e n t s  
for several  angles of  s i d e s l i p .  

T I T L E  

MACH NUMBER = X X . X  

S T A T I O N  

X Y Z 

ALPHA 

CP 

x .  x 

BETA = X X . X X  

ALPHA = X . X  ALPHA = 

CP CP 

x . x  

Figure 4 . 3 3 - 3 .  - Example tabulation of pressure c o e f f i c i e n t s  
for  many angles of  attack.  
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T I T L E  

ALPHA = X X . X  

S T A T I O N  

X Y z 

. 
. 

MACH = X . X  

CP 

BETA = X X . X  

MACH = X . X  

CP 

MACH = X . X  

CP 

Figure 4.33-4. - Example tabulation of pressure coeff ic ients  
for several Mach numbers. 

I 
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TITLE 

0 
P 
C 

MACH 

ALPHA 1 = XX.XX BETA = 
ALPHA 2 = XX.X IjELTA E = 
ALPHA 3 * XX.X DELTA R = 
STATION = 
X FOR FUSELAGE, Y FOR W I N G ,  Z FOR TAIL* - 
SECOND UIMENSIOki VARIABLE = 
@ FOR FUSELAGE, X/Cw FOR WING, X/C, FOR TAIL* =- 

*The  user w i l l  have indicated t o  the program which part 
( fuse lage ,  wing, or t a i l )  of the veh ic l e  is being studied. 

Figure 4 . 3 3 - 5 .  - Example of  p lo t  for pressure versus Mach. 
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TITLE 

- FIRST DIMENSION VARIABLT'" - 

ALPHA 1 = XX.X 
ALPHA 2 = XX.X 
ELPHA 3 = xx.x 

/ '  

DRAWING OF THE VEHICLE 
AT THE PARTICULAR VALUE 
OF THE SECOND DIMENSION 
VARIABLE f 

MACH = XXX 
BETA - XXX 
DELTA E = XX 
DELTA R = XX 
PHI = xx.x 
*First dimension variable (station) = X for fuselage, 
Y for wing, and 2 for tail. 
'Second dimension variable - 4 for duselage, X/C, for 
wing, and X/Cv for tail. 
The user will have indicated to the program which p a r t  
(fuselage, wing, or tail) -is being studied and the corzcct 
dimension variable will be used. 

Figure 4.33-6. - Example of plot for pvssure vcrxrl:. 
X vehicle station. 
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TITLE 

VEHICLE DESCRIPTION 
AT THE X STATION 

* 0 

X STATIuN = MACH = ALPHA = BETA = 
(IF FUSELAGE) 
Y STATION = TIME = DELTA E = 
(IF WING) 
2 STATION = 
(IF TAIL) 

- . .- 
Zigure 4.33-7. - Example of p i o t  for ve.hicle cross sc . t i o n  

a t  a given X s t a t i o n .  
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TITLE 

Y*N 

- 

* 
w 
ol! 
3 m 
m 
w 
d 

Y 
X X+M 

TIME 

*The pressure plotted against time may be either: 
(1) Dynamic pressure (9) 
(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 -5 .  - ' plot for pressure versus time. 
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T I T L E  

T I M E  DYNAMIC 
PRESSURE 

Figure 4.33-9. - VADIC output data. 

T I T L E  

T I M E  = 

AMBIEMT 
PRESSURE 

CELL 
NUMBER 

. 

CELL 
PRESSUSE 

CELL 
NUMBER 

. 

. 

. 

. 

. 

CELL 
PRESSURE 

. 

Figure 4.33-10. - Tabulation format for cell pressure 
versus time. 
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5 .  PERFORMANCE REQUIREMENTS 

5.1 RESPONSE TIME 

Response time is de f ined  t o  be t h e  interval  between t h e  s t a r t  o f  
an event  and t h e  system re spcnse  t o  t h a t  even t .  The s ta r t  of an 
event  is d e f i n e d  as t h e  complet ion of t h e  l as t  u s e r - r e q u i r e d  t a s k  
t h a t  e l ic i t s  a response ,  and t h e  end of an  event is t h e  comple- 
t i o n  o f  t h e  r e sponse  by t h e  s y s t e m .  The fo l lowing  l i s t  of s t r u c -  
t u r a l  d i s p l a y s  d e f i n e s  t h e  necessa ry  i n t e r a c t i o n  ( r equ i r ed  by 

ISAS)  w i t h  s p e c i f i c  response  time requi rements  and e s t i m a t e s  of 
p e r c e n t  usage f o r  each  d i s p l a y  type .  

Response T i m e  and Usage 

Less than  1 second each ,  
e i g h t y - p e r c e n t  usage  

Display Type 

' 0  

0 

0 !. 
0 

0 

0 

\ 

Charac te r  d i s p l a y s  

Vector  ( l i n e  between two p o i n t s )  

T r a n s l a t i o n  of  d i s p l a y e d  o b j e c t s  

Ro ta t ion  o f  d i s p l a y e d  o b j e c t s  

Zoom i n t o / o u t  of d i sp l ayed  
s t r u c t u r e s  

P o i n t  d e t e c t j  on when s e l e c t e d  by 
l i g h t  pen 

Poin t  d e t e c t i o n  when s e l e c t e d  by 
t r a c k i n g  c r o s s  

I Minimum c o n f i g u r a t i o n  d i s p l a y s  
(less than  1000 p o i n t s )  

0 Average conf igur&+. ion  d i s p l a y s  
( l e s s  than  3000 p o i n t s )  

Less than  4 seconds each ,  
f i f teen -. percen t  usage 

\ 0 P l o t s  

LCSS t h a n  1 0  seconds,  
two-percen t usage 
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I.t-ss t h;rn 2 0  sccontls , 
one - pc rccn t tisagc Maxiilium conf .gu~?tion disp1;1 ; .5  

(less than l0,ObO points) 

0 Not considered conversatioral 
interact ion 

0 Some complex task may require 
this amount of time; however, the 
system must give some indication 
that the task is being perfora1:d. 

Greater than 20 seconds 
each, two-percent usage 

S .  ? AVAI LAB1 LITY 

For the normal modc of operation, ISAS requires the avail;il>ility 
of the inter:ictive graphics system for 8 hours per dnv during the 
primp s h i f t .  Also,  this hardw;irc is rcquired on a regular h a s i s  
for 4 or morv hours pcr day during the nonprime shift. l h e  
U N I V A C  1110 t o  Adagc communication link must be available at ; ] I 1  

times when the graphics hardware i s  in use. An additional linc 
will be required to drive a teletype compatible CRT located in 
Building 13 .  

It is estimated that the I S A S  development will require approsi- 
mately 1 standard unit o f  processing (SIIP) hour per week. When 
ISAS reaches a productional state, the computer time requiremcnt 
could rcach 20 SUP hours per week. The computer t h e  requirement i s  
reflected in t h e  Fnpineer inE and nevelopment nirectorates camniiter 
resource requirements. 

All of the data required by I S A S  could approach 60 to 7 5  million 
words of mass storage. However, since the Space Shuttle analysis 
will be phased, it i s  reasonable t o  estimate that only 2 2  millioE 
words will be required to reside ir' mass storage at any one tire. 

5.3 STABILITY/RELIABILITY 

The stability of the UNIVAC 1110 must be maintained for a period 
greater t3an 8 hours between fiiilures during the prime shift. Due 
to the size o f  the analysis to be performed, any less stability 
~ s o u l J  he considered unreliable. The naximum duration for a Uniiac 
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1110 failure must not exceed 4 hours in order to not If.Fxt the 
ISAS project. The stability of the interactive graphics system 
should be equal or better than the UMIVAC 1110. 
must be initiated within 24 hours of any Adage hardware pi.:'l-:m 
detection., T%e Scientific Computing Branch (FD3) is responsible 
for monitoring the Ad-ge hardware maintenance for the ISiA Adage 
System. ISAS will be designed so that it will operate on either 
Adage 68340 system. 

Corrective action 

5 . 4  HUPIAN FACTORS 

The system must be designed in such a manner that the user need 
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 t h e  EXEC 8 Xefersnce Manuat. 

The user will control the operation of 'ISAS *;ia 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 t h e  
parameters used in the thermal analysis programs. 



6. IMPLEMENTATION 

6.1 DATA BASE ESTABLISHMENT 

The t echn ica l  conten t ,  s t r u c t u r e ,  source,  and o the r  information 
about t h e  d a t a  f i l e s  which comprise t h e  da t a  base a r e  descr ibed 
in  t h e  appendix. The f i l es  a r e  arranged a lphabe t i ca l ly  and are 
designed t o  provide da t a  t o  a l l  u se r s  and reduce t h e  time required 
t o  retrieve an). da ta  segment. 
rou t ines  w i l l  be  developed f o r  da t a  f i les which are ,used  by one 
ISAS function. 

Common d a t a  s torage  and r e t r i e v a l  

6.2 OPERATIONAL STAGES 

A l l  of t he  ISAS funct ions descr ibed i n  t h i s  document w i l l  be 
developed as a s i n g l e  operat ing system. However, each funct ion 
w i l l  be developed, t e s t e d ,  and made ava i l ab le  t o  t h e  user  as it 
is  completed. When a l l  funct ions have been completed, t he  t o t a l  
system w i l l  undergo in t eg ra t ed  t e s t i n g  and then be o f f i c i a l l y  
released. 
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ACE OUTPUT DATA F I L E  

GENERAL 

'This d a t a  f i l e  w i l l  c o n t a i n  c a l c u l a t e d  p r e s s u r e  c o e f f i c i e n t s  (C ) 

f o r  a r e a  pane l  c o n t r o l  p o i n t s  on t h e  v e h i c l e .  
P 

Type of i n t e r f a c e :  I 

I n t e r f a c e  medium: Tape 

Output method: FORTRAN unformat ted  write 

Crea ted  by: A n a l y t i c  P r e s s u r e  D i s t r i b u t i o n  (ACE) Program 

Modified by: None 

Used by : 

PURPOSE OF INTERFACE 

Aerodynamic Data Base Genera tor  and ISAS 
ACE d i s p l a y  

~ ~~ 

Due t o  v a r i o u s  problems or time r e s t r a i n t s ,  p r e s s u r e  c o e f f i c i e n t s  
f o r  a c e r t a i n  f l i g h t  o r  o t h e r  c o n d i t i o n s  cannot  b e  o b t a i n e d  from 
t h e  wind t u n n e l  t e s t  (SADSAC). Under t h e s e  c o n d i t i o n s ,  t h e  
program ACE w i l l  be :ised t o  g e n e r a t e  t h e  d a t a ,  and t h i s  f i l e  
w i l l  be  o u t p u t  f o r  LSAS. 

CONFIGURATION CONSTRAINTS 

A l l  r e c o r d s  shown i n  t h e  format  w i l l  be l o g i c a l  r e c o r d s  and may 
c o n t a i n  one o r  more p h y s i c a l  r e c o r d s .  Each p h y s i c a l  r e c o r d  w i l l  
have t h e  fo l lowing  format :  

0 One FORTRAN c o n t r o l  word 

0 From 1 t o  249 d a t a  words 

0 Two FORTRAN c o n t r o l  words 

A- 2 



ACE OUTPUT DATA FILE - Continued 

FORMAT 

Logical 
Record 

1 

Logical 
Record 

2 

Logical 
Record 

3 

Logical 
Record 

4 

Logl-.71 
Record 

5 

Lag i ca 1 
Record 

6 

Logical 
Record 

7 

LoKi c a l  
Record 8 

24 
data  
words 

1 
da ta  
word 

NW NVC 
da ta  
words 

NWING 
d a t a  
words 

2"NWING 
da ta  
words 

6 "NW I NC 
da ta  
words 

4"NWING 
da ta  
words 

1 
word 

1 
word 

1 
word 

1 
word 

WL Descript ion 

A 

I 

1 

I 

R 

L'P 

R 

R 

R 

R 

R 

R 

K 

R 

A 144charac te r  alphanumeric t i t l e  

In teger  number of wing ane l s  (NWING) on one wing 
sur face  (ugper o r  lowerr , maximum - 230 

ID numbers of t h e  panel: (an,! con t ro l  po in t s )  for  
t h e  upper wing sur face  

ID numbers of t h e  panels  (an3 con t ro l  po in t s )  for  
t h e  lower wing sur face  

Percent chord loca t ion  and percent  span loca t ion  
fo r  each cont ro l  point  

Cartesiar.  coo r i ina t e s  ( X ,  Y ,  and Z) of each cont ro l  
po in t  

po in t  frcm t h e  root  chord 

poin t  from t h e  ieadirig 

Spare 
-- __i I 

Locat im of NWINGth cont ro l  po in t  from tLr leading 

I Spare I 
1 Spare I 

Mnch nwnber 

Anglr of a t t ack  
t a i  1 

i f  run f o r  w i n g ,  zero i f  run fo r  

!:lcv\sii de f l ec t ion  i f  run Cor wing, zero i f  r u n  f o r  
t a i  1 

Rudder de f l ec t ion  i f  run f o r  t a i l ,  zero  i f  r u n  fo r  
w i n g  
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ACE OUTPUT DATA FILE - Concluded 

FORMAT - Concluded 
Descript ion 

Log i ca 1 
Record 8 
(conc. ) 

Logical 
Record 

9 

Logical 
Record 

10 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

4 
words 

1 
word 

1 
irord 

1 
word 

WING 
words 

NN! N G  
wc I s  

b 
words 

%?e_ 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Drag Coeff ic ien t  f o r  t a i l  o r  wing 

L i f t  c o e f f i c i e n t  i f  run f o r  wing, zero i f  *a fo r  
t a i  1 

Lateral force  c o e f f i c i e n t  i f  run f o r  t a i l ,  zero 
i f  f o r  wing run 

Spare 

P i tch  moment coe f f i c i en t  i f  run f o r  wing, :elJ i f  
run f o r  ta i l .  

Yaw moment c o e f f i c i e n t  i f  run f o r  t a i l ,  zero i f  
f o r  wing 

Spare 

X.locat ion re ference  f o r  p i t c h  moment i f  run for 
wing, zero i f  run f o r  t a i l  

Spare 

Yaw moment coe f f i c i en t  re ference  X-locat ion i f  run 
f o r  t a i l .  zero i f  run f o r  wing  

Pressure c o e f f i c i e n t s  on each upper wing ( l e f t  
t a i l )  panel 

Pressure c o e f f i c i e n t s  on esch lower wing ( r i g h t  
t a i l )  panel 

Logical records 8 through 10 for other  s e t s  of 
aerodynamic condi t ions  

Six words containing s i x  F i e lda t a  9 ' s  t o  
ind ica t e  end-o f -da ta  
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AERODYNAMIC DATA BASE 

t 

GENERAL 

This file will contain the geometry information describing the 
standard set of grid points and pressure coefficients at each 
of t h e  grid points for all the aerodynamic flight conditions 
tested in wind tunnels. 

Type of interface: I11 

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 

0 Data for a naximum of four configurations can be contained 
in the data bace at any one time. 

0 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. 
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AERODYNAMIC DATA BASE - Continued 

CCrl, GURATION CONSTRAINTS - Continued 

0 

- -  
A configuration can have a maximum of 30 sections, and the 
sane sections must be present for each set of flight condi- 
tions. (For a given flight condition, the reference data 
array, parameter datz 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). 

0 

0 The first and second dimension variable name for a given 
section will not change. 

e The number of retrieval parameters, which will be contained 
on the data base, must be a minimum of 3 and a maximum of 15. 

0 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 

0 The maximum number of unique values for each of the retrieval 
parameters for a configuration will be: 

Retrieval Parameter 

1 (Mach) 
2 (a) 
3 I S )  
4 

5 
6 
7 
8 

9 
10 
11 

Maximum 

31 
31 
15 
15 
15 
15 
15 
15 
15 
1 5  
1 5  
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AERODYNAMIC DATA BASE - Continued 

CONFIGURATION CONSTRAINTS - Continued 

Re t r i eva l  Parameter Haxiuium 

1 2  15 
13 15 
1 4  15 
15 7 

a The r e t r i e v a l  parameters must be t h e  same for a l l  configura-  
t i o n s  i n  t h e  d a t a  base. 

0 * r e t r i e v a l  parameter t a b l e s  w i l l  conta in  t h e  unique values  
2ach measurement. For example, i f  t h e  angle of a t t a c k  

two sets of da t a  is equal t o  1 . 5 ,  t h e  angle of a t t a c k  
t a a  - *  (second r e t r i e v a l  parameter table) w i l l  con ta in  only 
one value of 1 . 5 .  

0 The coded index w i l l  be two 36-b i t  words which w i l l  be used 
t o  i d e n t i f y  a s e t  of d a t a  f o r  a s p e c i f i c  se t  of r e t r i e v a l  
parameters. 
of t h e  r e a l  values  of each of t h e  r e t r i e v a l  parameters,  
t h e  number of reference measurements, and t h e  number of 
parameters. 

The words w i l l  conta in  p o i n t e r s  t o  t h e  l o c a t i o n  

The format f o r  t h e  coded index w i l l  be: 

Pint 
vord 

1 2-6 1-11 12-15 10-19 20-23 24-27 28-11 52-55 36 
U *  4 t h n -  5 t h ~ ~ -  6thre- 7tb m- 8 t h W  p 

Angleof Angle of t r i m  trianl m i d  trienl trim d 
m t t w l r  SiQl iP parameter 

1 2 - 5  6-9 10-13 14-17 18-21 22-25 26-28 29-32 53-36 
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AERODYNUIC DATA BASE - Continued 

CONFIGUR4TION CONSTRAINTS - Continued 

0 When t h e  coded index is be ing  used t o  i d e n t i f y  data f o r  a 
r e t r i e v e ,  o n l y  b i t s  2 th rough 23 and 33 th rough 36 of  t h e  
f i r s t  word and b i t s  1 through 36 of  t h e  second word w i l l  be 
used. B i t s  24 th rough 31 (number o f  r e f e r e n c e  measurements 
and number of pa rame te r s )  of  t h e  f i r s t  word w i l l  be  used t o  
de te rmine  t h e  number of words i n  t h e  Reference  and Parameter 
Block and w i l l  b e  p l aced  i n  t h e  word as t h e  d a t a  b a s e  i s  con-  
s t r u c t e d .  i3it 32 of  t h e  first word w i l l  be  r e s e r v e d  f o r  
i n t e r n a l  u s e  by t h e  Aerodynamic Data Base Genera tor  as an 
update  f l a g .  

0 The index r e f e r e n c e  t a b l e  of t h e  Conf igu ra t ion  Data Block 
w i l l  c o n t a i n  t h e  Eirst coded index of each Block Index Record. 
Th i s  table  w i l l  be, used t o  de te rmine  which Block Index Record 
is t o  be r e a d ,  and t h e  s t a r t i n g  s e c t o r  number w i l l  be  o b t a i n e d  
from t h e  s e c t o r  a d d r e s s  t a b l e .  

0 I n  o r d e r  t o  r e t r i e v e  a set  o f  d a t a ,  t h e  fo l lowing  procedure  
w i l l  be used:  

a .  

b. 

C .  

d .  

e. 

The c o n f i g u r a t i o n  i d e n t i f i e r  and t h e  s p e c i f i e d  values f o r  
t h e  r e t r i e v a l  parameters  w i l l  be o b t a i n e d  from t h e  u s e r .  

The  header  b lock  w i l l  b e  r e a d ,  and t h e  a d d r e s s  o f  t h e  
r e q u i r e d  Conf igu ra t ion  Data Block w i l l  be  de te rmined .  

The Conf igu ra t ion  Data Block w i l l  b e  r e a d ,  t h e  coded index 
w i l l  b e  c o n s t r u c t e d ,  and t h e  a d d r e s s  o f  t h e  Block Index 
Record w i l l  be  de te rmined .  

The  Rlock Index Record w i l l  be r e a d ,  and t h e  a d d r e s s  of  
t h c  r c q u i r c d  P r e s s u r e  C o e f f i c i e n t  Data Block w i l l  be  found. 

The r e q u i r e d  Pressure C o e f f i c i e n t  Data Block, Reference 
and Parameter  Block, and S e c t i o n  I d e n t i f i c a t i o n  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.) 

0 Four measurements that will be a part of the reference data 
array are reference area, reference chord, reference diameter, 
and reference length. 

0 All nonused words will contain a negative zero (all bits on). 

0 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. 

P 

0 All data blocks will start with the first word of  a sector. 

0 When data for a configuration is to be placed in the datz 
base, the total number of sections that will exist €or that 
configuration must be supplied to the generating program. 
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AERODYNAMIC DATA BASE - Continued 

A 

FORMAT 

First s i x  characters of identification of retrieval 
parameter number NRET 

I Y E  Description 

A 

1 
Header 
Block 

___ ~~~ 

Second six characters of identification of 
retrieval parameter number NRET 

L 
s t x  tors  

24 
words 

8 
words 

24 
words 

1 
word 

1 
word 

2*NRli'T 
words 

X+ 
words 

NWRD 
words 

A 144 characters of any information which can be 
used to identify the data file 

uration Data Block 
Block 

Spare 
, %  

I Sector address of first unused sector 

Number of retrieval parameters (NRET) used in this 
data file, minimum = 3 .  maximum = I S  

First six characters of identification of the 
first retrieval parameter 

Second six characters of identification of the 
first retrieval parameter 

Configuration Data Block for  first configuration 
(see format on page A-12). 

L 

' l 'hi~ number of spare words ( X )  - 56 - 2 - 2*NRET. 

ORIGINAC P."S3 IS A -  10 



AERODYNAMIC DATA BASE - Continued 

FORMAT - Continued 

SO4 
words 

Blocks 

SO4 
words 

mRD 
words 

Blocks 

HWRD 
words 

lolfRD 
words 

NPTS 
words 

Blocks 

NWRD 
words 

TYEE 

, 

R 

R 

Des.cript ion 

First Block Index Record 
(see format on page A-14) 

. 
Last Block Index Record 
(see format oa page A-14) 

Section Identification Block for first section 
of first configuration (see format on 
page A-15) 

Section Identification Block for last section of 
first configuration (see format on page A-15) 

Reference and Parameter Block for first set of 
flight conditions (see format on page A-16) 
Pressure Coefficient Data Block for first 
section of first configuration for first set of 
flight conditions (see format on page A-16) 

Pressure Coefficient Data Block for last section 
of first configuration for first set of flight 
conditions 

Reference and Parameter Blocks and Pressure 
Coefficient Data Blocks for first configuration 
for remaining sets of flight conditions 

Configuration Data Block for second configuration 
(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 

CONF IGURAT ION DATA BLOCK 

w!!? Description 

Retrieval 
Parameter 
Tables 

20 
words 

1 
word - 

2'NSEC 
words 

NRET 
words 

1 
word 

NMACH 
words 

MAL PHA 
words - 
NBETA 
words - 

A 

I 

A 

I 

A 

I 

I 

I 

I 

R 

R 

R 

Configuration identification 

Number of sections (NSEC), maximum - 30 
Section identifier 

Block Block 
1;18 

Section identifier 

cation Block cation Block 
19 - 36 

Number of values for first retrieval parameter 
(NMACH), maximum - 31 
Number of values for last retrieval parameter 
(NRTlS), maximum - 7 
Number of Block Index Records (NBIT), 
maximum 55 

Values of first retrieval parameter 

Values of second retrieval parameter 

Values of third retrieval parameter 
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AERODYNAMIC DATA BASE - Continued . 
- FORMAT - Continued 
CONFIGURATION DATA BLOCK - Continued 

Ret r i eva 1 
Pal ameter 
Tables 
(conc. 1 

NRT4 
words 

NRTS 
words 

NRTB 
words 

NRT? 
words 

NRTB 
words 

NRTS 
words 

NRTlO 
words 

N R T l l  
words 

NRTl2 
words 

NRTl3 
words 

NRT14 
words 

NRT 15 
words 

NBIT 
words 

?&!E 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

I 

Descript ion 

t Values of fou r th  r e t r i e v a l  parameter 

t Values of f i f t h  Te t r i eva l  parameter 

t Values of  s i x t h  r e t r i e v a l  parameter 

t Values of seventh r e t r i e v a l  parameter 

Values of e igh th  r e t r i e v a l  parametert  

t Values of n ine th  r e t r i e v a l  parameter 

t Values of 10th r e t r i e v a l  parameter 

Values of 11th r e t r i e v a l  parametert 

t Values of 12 th  r e t r i e v a l  parameter 

t Values of 13th r e t r i e v a l  parameter 

t Values of 1 4 t h  r e t r i e v a l  parameter 

t Values of 15th r e t r i e v a l  parameter 

Index Reference Table (see desc r ip t ion  on 
page A - 8 )  

'The number of these  t a b l e s  a c t u a l l y  i n  t h e  f i l e  w i l l  be ind ica ted  by the  number 
of r e t r i e v a l  parameters INRETI. 

ORIGINAL PAGE IS A-  13 
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AERODYAJAMIC DATA BASE - Continued 

FORMAT - Continued 

CONFIGURATION DATA BLOCK - Concluded 

I Y E  

I words 

I 

words 

I 

Description 

Sector Address Table (contains the starting 
sector number of each Block Index Record) 

Number of grid points (NPTS) ir. first section 

NPTS in last section 

Total number of words 0 22 + NRET + 3*NSEC + 2*NRIT + NALPHA + NBETA + NRT4 
NRTS + NRT6 + NRT7 + NRT8 + NRT9 + NRTlO + NRTll + NRTl2 + NRT13 + NRTl4 + NRTlS. 

BLOCK INDEX RECORD 

504 words 
(18 sectors) 

3 
words 

5 
words 

IYE 

I 

I 

I 

I 

I 

I 

Description 

First word of coded index for first set of 
retrieval parameters (see format on page A - 7 )  

Second word of coded index fol. first set of 
retrieval parameters (see format on page A - 7 )  

Sector address where Pressure Coefficient Data 
Blocks are located 

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 
retrieval parameters (see format on papp A - 7 )  

Sector address where Pressure Coefficient Data 
Blocks are located 
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AERODYNAMIC DATA BASE - Continued 

FORMAT - Continued 
‘3ECTION IDENTIFICATION BLOCK 

NPTS 
words 

3*NPTS 
words 

3*NPTS 
words 

3 
words 

1 
word 

1 
word 

1 
word 

NDX 
words 

NDX 
words 

NPTS 
words 

2*NDx 
words 

IYE 

I 

R 

R 

A 

A 

A 

I 

I 

R 

R 

R 

Description 

Identification number of grid points 

X, Y, and 2 coordinates of grid points 

Cylindrical coordinates for each grid point 
Tail c 
ai 

?= 
ai 

%= 
0 

0 A A 

Section identification 

Identification of first dimension variable 

Identification of second dimension variable 

Number of values (NDX) of the first dimension 
variable 

Number of values of the second dimension 
variable per value of the first dimension 
variable 

Values of the first dimension variable 

Values of the second dimension variable 

Span ar.d chord length for each first dimension 
variable. This data will be present only if the 
section is the tail or wing. 

Total number of words MYRD - 4*NDX + 8*NPTS + 6 
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AERODYNAMIC DATA BASE - C o n c l u d e d  

2 

3 
words 

3 
words 

- 
3 

words 

S'NREF 
words 

F3RMAT - C o n c l u d e d  

REFERENCE AND PARAMETER BLOCK 
Z Y E  Descript ion 

Tota l  force  components f o r  the  conf igura t ion  
F,, Fy, and F, 

Tota l  moment components f o r  the Configurat ion 
M,, My, and M, 

R X ,  Y ,  and 2 coordinates  fo r  t o t a l s  

Reference da ta  a r r ay  (REF) 
REF(n,l) - re ference  measurement name 
REF(n,Z) - v a l u e  f w  the  re ference  measurement 
REF(n,3) - re ference  measurement u n i t s  

Parameter da t a  a r ray  (PAR) 
PAR(n,l) .- parameter name 
PAR(n,2) - parameter value 

A Data set c rea t ion  da te  

A Data s e t  conf igura t ion  name 

T o t a l  number of  words 5 KWRD = 3*NREF + Z*NPR + 19 

P R l S S U R L  COEEFICIENT DATA BLOCK 

T o t a l  number 

words 

of _1 words 9 

R 

NPTS 

Pressure c o e f f i c i e n t  (C  1 fo r  each g r i d  pa in t  
P 



AERODYNAMIC DATA FILE 

GENERAL 

This  temporary d a t a  f i l e  w i l l  bt. gene ra t ed  by t h e  b a t c h  Aero- 
dynamic Force C o e f f i c f e n t  Program (FOCAP). The f i l e  w i l l  c o n t a i n  
t h e  computed incrementa l  f o r c e s  and moments a t  each s p e c i f i e d  

a t  t h e  aerodynamic r e f e r e n c e  j o i n t s  c f  t h e  c o n f i g u r a t i o n .  
load  s t a t i o n  and t h e  i n t e g r a t e d  t o t a l s  (Fx, Fy’ F Z ’  M,, My’ Kz, 

Tlrpe of  i n t e r f a c e :  I 

I n t e r f a c e  medium: Random a c c e s s  mass s t o r a g e  

Output me tiiod : NTRAN 

Created by: 

Modified by: None 

Aerodynaitiic Data Base GeneratorlFOCAP 

Used by: Aerodynamic Data Base Generator  

PURPOSE OF ZNTERFACE 

The d i s p l a y  of d a t a  from t h i s  f i l e ,  t o g e t h e r  w i t h  d a t a  f r 3 m  t h e  
C a t  Required Po in t s  F i l e ,  w i l l  a l low :ne u s e r  t o  dct.-rp:ne 
how well  t h e  model r e p r e s e n t s  t h e  d a t a  measured i n  t h e  wind 
tunne l .  None of t h e  d a t a  con ta ined  on t h i s  f i : e  w i l l  be  c a r r i e d  
forward t o  any o t h e r  f i l e .  

P 

CONFIGURATION CONSTRAINTS 

The c o n f i g u r a t i o n  c o n s t r a i n t s  f o r  t h i s  f i l e  w i l l  be t h e  same c” 

t hose  d e s c r i b e d  on page A - 6 2  f c i  t h e  Force C o e f f i c i e n t  Data F i l e .  
However, t h i s  f i l e  can c o n t a i n  d a t a  f o r  only one c o n f i g u r a t i o n .  
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AERODYNAMIC DATA FILE - Concluded 

FORMAT 

The format of t h i s  f i l e  w i l l  be the same as  that of the  Force 
Co "'icient  Data F i l e  on page A-66 with the following exceptions: 

0 The f i l e  w i l l  contain data for only one configuration. 

The Reference and 3arameter Biock w i l l  contain only the f i r s t  
nine words. 
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c AERODYNAMIC INFLUENCE COEFFICIENTS FILE 

GENERAL 

T h i s  f i l e  w i l l  be  gene ra t ed  by t i le  A n a l y t i c  Pressure D i s t r i b u -  
t i o n  (ACE) Program. This  f i l e  w i l l  c o n t a i n  c o e f f i c i e n t s  v e r s u s  
pane l  c o n t r o l  p o i n t s .  

Type of  i n t e r f a c e :  111, I V  

I n t e r f a c e  medium: TBD 

Output method: TBD 

Created by: ACE 

Modified by: None 

Used by: S t a t i c  A e r o e l a s t i c i t y  

PURPOSE OF INTERFACE 

This  f i l e  w i l l  be used t o  make p r e s s u r e  c o e f f i c i e n t  d a t a  avai?--  
ab le  f o r  use  by t h e  S t a t i c  A e r o e l a s t i c i t y  f u n c t i o n .  

- CONFIGURATION CONSTRAINTS 

The only  c o n s t r a i n t s  w i l l  be  t h o s e  e x i s t i n g  f o r  t h e  f i l e  i n  
t h e  ba t ch  v e r s i o n  of t h e  ACE Program. 

FORMAT 

Data on t h i s  f i l e  w i l l  conform t o  t h e  format  s p e c i f i e d  i n  ACE 
documentation. 
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AEROELASTICITY DATA BASE 

GENERAL 

This  f i l e  w i l l  be produced by t h e  S t a t i c  A e r o e l a s t i c i t y  Correc-  
t i o n  Program (STAC) and w i l l  c o n t a i n  f o r c e  c o e f f i c i e n t  d a t a  
c o r r e c t e d  f o r  t h e  e f f e c t s  of  a e r o e l a s t i c i t y .  

Type of i n t e r f a c e :  I V  

I n t e r f a c e  medium: TBD 

Octput met hod : TBD 

Created by: S t a t i c  A e r o e l a s t i c i t y  

Modified by : None 

Used by: S t a t i c  A e r o e l a s t i c i t y  

PURPOSE OF INTERFACE 

The f i l e  w i l l  be needed f o r  s t o r i n g  c o r r e c t e d  f o r c e  c o e f f i c i e n t  
d a t a  and d i s p l a y i n g  it  a t  t h e  t e rmina l .  

CONFIGURATION CONSTRAINTS 

C o n s t r a i n t s  ~ j l l  be t h e  same as t h o s e  f o r  t h e  Force C o e f f i c i e n t  
Data F i l e .  (See page A - 6 2 ) .  

FORMAT 

The format f o r  t h i s  f i l e  w i l l  correspond t o  t h a t  of t h e  Force 
C o e f f i c i e n t  n a t a  F i l e .  In  a d d i t i o n ,  t h i s  f i l e  w i l l  c o n t a i n  
f l e x i b l c - t o - r i g i d  f a c t o r s  f o r  wing and v e r t i c a l  t a i l  p o i n t s .  
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AEROELASTICITY INFLUENCE COEFFICIENTS FILE 

TBD 
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AIRCRAFT PLOT DATA FILE 

GENERAL 

T h i s  f i l e  w i l l  c o n t a i n  v a r i o u s  pa rame te r s  t h a t  can  b e  d i s p l a y e d  
i n  g r a p h i c a l  form a t  a remote t e r m i n a l  or w i t h  SC-4060 p l o t s .  

Type o f  i n t e r f a c e :  I V  

I n t e r f a c e  medium: TBC 

Output method: TBD 

Crea ted  by: Aircraft F l i g h t  Cond i t ions  

Modified by: None 

Used by: A i r c r a f t  F l i g h t  Cond i t ions  

- PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  b e  used t o  s t o r e  o u t p u t  pa rame te r s  from t h e  
A i r c r a f t  Maneuvers Program f o r  d i s p l a y  a t  a remote t e r m i n a l .  

CONFIGURATION CONSTRAINTS 

Data w i l l  b e  indexed by time. 

FORMAT 

The f i l e  w i l l  be  de te rmined  a t  a l a t e r  d a t e .  The f i l e  w i l l  
c o n t a i n  t h e  fo l lowing :  

0 Linea r  and a n g u l a r  a c c e l e r a t i o n s  w i t h  r e 5 p e c t  t o  body axes 

0 F i f t e e n  f l i g h t  c o n d i t i o n s  

0 R e l a t i v e  v e l o c i t y  magnitude 

0 A l t i t u d e  

0 Gimbal a n g l e  

e Thrus t  

e Wind v e l o c i t y  components 
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AIRCRAFT 

FORMAT - Concluded 

PLOT DATA FILE - Concluded 

Atmospheric conditions 

Components of r e l a t i v e  v e l o c i t y  

Body v e l o c i t y  and acce lerat ion 

Rol l ,  p i t c h ,  and yaw r a t e s  

Rol l ,  p i t ch ,  and yaw acce lerat ions  

Roll p i t ch ,  and yaw angles  

Rol l ,  p i t c h ,  and yaw i n e r t i a l  coordinates 

Inert ia l  v e l o c i t y  

Posit ion coordinates 
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BASIC DATA F I L E  

TBD 
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t ,  

GENERAL 

BASIC GEOMETRY DATA F I L E  

Th i s  permanent d a t a  f i l e  w i l l  c o n t a i n  a g e n e r a l  d e s c r i p t i o n  o f  
t h e  v e h i c l e .  

Type of  i n t e r f a c e :  I11 

I n t e r f a c e  medium: Random access mass s t o r a g e  

Output method: NTRAti 

Crea ted  by: Basic Geometry F i l e  Generator  

Modified by: None 

Used by: User Model F i l e  Generator  

PURPOSE OF INTERFACE 

T h i s  d a t a  f i l e  w i l l  c o n t a i n  t h e  f u n c t i o n s  or  c o n t r o l  p o i n t s  which 
d e f i n e  t h e  s u r f a c e  of t h e  v e h i c l e  and w i l l  be  used by t h e  User 
Model F i l e  Generator  a s  a base  upon which t o  c o n s t r u c t  t h e  model. 

CONFIGURATION CONSTRAINTS 

There w i l l  be  no c o n s t r a i n t s  u n l e r s  t h e  m i l l i n g  machine l o f t i n g  
r o u t i n e  (FMILL) i s  used.  When it i s ,  t he re  w i l l  be a maximum 
of 1 0 0  c o n t r o l  p o i n t s  p e r  r e g i o n .  
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BASIC GEOMETRY DATA FILE - Continued 

ID of NSTth structure 

36 b l t e  

FORMAT 

Pointer (word count) 
to data for NSTth 
s t rue ture 

3 6  bits I 2*NST 
words 

I 

IID of first substruc- Pointer to next level 
~ture in first structure of information for 

first substructure 

2a 

a 

words - 
words 

1 
word 

- 
2 

words - 

- 
2 

words 

- 
1 

word 

IID of last sub- 
!structure in first 
,structure 

2 
words 

- 
2 

words 

- 
1 

word 

- 
2 

words 

- 

Pointer to next level 
of information for 
last substructure 
in first structure 

Description 

Title 

Spare 

Number of structures (NST) contained on file 

to data for first 
structure - word 

36 b i t e  36 b i t e  

Number of substructures in the first structure 
(NSS,) 

I 36 b i t e  I 36 b i t s  1 

I I 36 b i t r  3 6  b i t e  
I 1 

Number of substructures in the second structure 
(NSS,) 

ID of first substruc- Pointer to next level 
ture in second of information for 
structure first substructure of 

second structure 
36 b i t s  
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GIN= PAGE IS 
POOR QUALITY BASIC GEOMETRY DATA FILE - Contin# 

I D  of l as t  subs t ruc tu re  
i n  second s t r u c t u r e  

36 bite 

FORMAT - Continued 

Poin te r  t o  next l e v e l f o f  
information f o r  l a s t  sub- 
s t r u c t u r e  of second 
s t r u c t u r e  

36 b i t e  

Descript ion 

Region ID of region 1 

1-18 

2*NSS2 
words 
(conc. ) 

?"NSSN 
words 

NRECN + 1 
words 

* 
Poin te r  t o  region da ta  
( sec to r  count) 

19-36 

2 
words 

2 
words 

1 
word 

1 
word 

1 

ID of f i r s t  segment i n  
f i r s t  region 

1-18 

word I 

Number of con t ro l  p o i n t s  
i n  f i r s t  segment 

1 

19-36 

. 

I I D  of NSSNth subs t ruc -  
t u r e  i n  NST s t r u c t u r e  

Po in te r  to  next  l e v e l  of 
information f o r  l a s t  NSSN I of l a s t  NST s t r u c t u r e  I 

I 36 bits I 36 b i t s  I 

Number of regions i n  Substructure  (NRECN) 

Region ID of l a s t  region Po in te r  t o  region d a t a  
1-18 I 19-36 I 

Numher o f  segments i n  f i r s t  region (NSEC1) 
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BASIC GEOMETRY DATA FILE - Continued 

- FORMAT - Continued 

1 0  
words 

10  
vords 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
worc! 

1 
word 

1 
word I 

Descript ion 

X-coordinate of f i rs t  c o n t r o l  p o i n t  i n  f i r s t  
segment i n  f i r s t  region 

Y-coordinate of f i r s t  c o n t r o l  p o i n t  i n  f i r s t  
segment i n  f i r s t  region 

Z-coordinate of  kirs; c o n t r o l  p o i n t  in f i r r t  
segment i n  f i r s t  region 

Di rec t ion  cosine with r e spec t  t o  X of normal 
t o  su r face  f o r  f i r s t  c o n t r o l  p o i n t  

Direct ion cosine with r e spec t  t o  Y of normal 
t o  su r face  f o r  f i r s t  c o n t r o l  p o i n t  

Direct ion cosine with r e spec t  t o  2 of  normal 
t o  su r face  f o r  f i r s t  c o n t r o l  p o i n t  

1 / 2  
R, l o c a l  radius  of su r face  
f o r  f i r s t  con t ro l  po in t  

R - [ Y 2  + 2'1 

8 ,  l o c a l  s lope  of su r face  f o r  f i r s t  con t ro l  
point  

e,  tan-l(y/Z) f o r  f i r s t  c o n t r o l  po in t  

d ,  bulkhead depth along normal t o  ou te r  su r f ace  
f o r  f i r s t  con t ro l  po in t  

X-coordinate of  second c o n t r o l  po in t  i n  f i r s t  
segment i n  f i r s t  region 

Y-coordinate of second c o n t r o l  po in t  i n  f i r s t  
segment i n  f i r s t  region 

Z-coordinate of second c o n t r o l  point  i n  f i rs t  
segment i n  f i r s t  region 

Direct ion cosine with r e spec t  t o  X of normal 
t o  su r face  f o r  second c o n t r o l  po in t  
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BASIC GEOMETRY DATA FILE - Continued 

ID of f i r s t  segment i n  
l a s t  region 

1-18 

FORMAT - Continued 

Number of c o n t r o l  
po in t s  i n  f i r s t  
E agment 

19- 36 

De S c r i p t  ion 

10 
words 

(conc .I  

10  
words 

word p 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

Direct ion cosine w i t h  r e spec t  t o  Y of normal 
t o  surface f o r  second c o n t r o l  po in t  

Direct ion cosine with r e spec t  t o  Z of normal 
t o  su r face  f o r  second c o n t r o l  po in t  

1/2 
R, l o c a l  radius  of su r face  
f o r  f i r s t  con t ro l  po in t  

R = [ Y 2  + Z 2 ]  

8 ,  l o c a l  s lope of su r face  f o r  second con t ro l  
po in t  

0 ,  tan”(Y/Z) f o r  second c o n t r o l  po in t  

d ,  bulkhead depth along normal t o  ou te r  su r f ace  
f o r  second c o n t r o l  po in t  

. 

Number of segments i n  l a s t  NREGN region (NSEGN) 

X-coordinate of f i r s t  con t ro l  point  i n  f i r s t  
segment in l a s t  region 

Y-coordinate of f i r s t  con t ro l  po in t  i n  f i r s t  
segment i n  l a s t  regioo 

Z-coordinate of f i r s t  c o n t r o l  point  i n  f i r s t  
segment in l a s t  region 

Direct ion cosine with r e spec t  t o  X of normal 
t o  su r face  f o r  f i r s t  con t ro l  po in t  

Direct ion cosine w i t h  r e spec t  t o  Y of normal 
t o  su r face  f o r  f i r s t  con t ro l  point  
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BASIC GEOMETRY DATA FILE - Continued 

I D  of last  segment 
i n  l a s t  region 

1-18 

FORMAT - Continued 

Number of con t ro l  
p o i n t s  i n  l as t  
segment (NCP,) 

10- 36 

10 
words 

(conc.)  

10 
words 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

~~ 

1 
word 

- 
1 

word 

1 
word 

1 
word 

1 
word 

Des cr i p  t ion  

Di rec t ion  cosine with r e spec t  t o  Z of normal 
t o  su r face  f o r  f i r s t  c o n t r o l  po in t  

R, l o c a l  r ad ius  of  su r face  f o r  f i r s t  c o n t r o l  
p o i n t  of f i rs t  segment i n  l a s t  region 

e ,  l o c a l  s lope  of  su r f ace  f o r  f i r s t  c o n t r o l  
p o i n t  of  f i r s t  segment i n  l a s t  region 

4 ,  tan-’(Y/Z) f o r  f i rs t  c o n t r o l  po in t  of  f i r s t  
segment i n  las t  region 

d ,  bulkhead depth along normal t o  o u t e r  su r face  
f o r  f i r s t  c o n t r o l  po in t  

X-coordinate of last  con t ro l  poic* i n  las t  
segment i n  l a s t  region 

, 1  

Y-coordinate of l a s t  con t ro l  point  i n  l a s t  
segment i n  l a s t  region 

2-:oordinate of l as t  con t ro l  po in t  i n  l as t  
segment i n  l as t  region 

Di rec t ion  cosine with r e spec t  t o  X of normal 
t o  su r face  f o r  l as t  c o n t r o l  po in t  

D i rec t ion  cosine with r e spec t  t o  Y of normal 
t o  su r face  f o r  l a s t  c o n t r o l  po in t  

D i rec t ion  cosine with r e spec t  t o  .. of  normal 
t o  su r face  f o r  l a s t  con t ro l  point  
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1 BASIC GEOMETRY DATA F I L E  - Concluded 

FORMAT - Concluded 

10 
words 

(conr . ) 

1 
word 

1 
word 

1 
WOI d 

1 
word 

Descr ipt ion 

R, l o c a l  rad ius  of sur face  f o r  las t  con t ro l  
po in t  i n  last  segment i n  l a s t  iegion 

0 ,  l o c a l  s lope  of sur face  f o r  l a s t  con t ro l  
po in t  i n  last  segment i n  l a s t  region 

O ,  tan”(Y/z) f o r  l a s t  cc.-itrol po in t  in 
l a s t  segment i n  last  region 

d ,  bulkhead depth along normal t o  ou te r  sur face  
fo r  l a s t  con t ro l  po in t  
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BASIC STRUCTURAL DIMENSIONS FILE 

TBD 
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\ r  BASIC WEIGHT FILE 

GENERAL 

This  f i l e  w i l l  be  deveioFed o u t s i d e  of ISAS f o r  usr? i n  c r e a t i n g  
t h e  Model Weight F i l e .  

Type o f  i n t e r f a c e :  I 

I n t e r f a c e  medium: TBD 

Output method: TBD 

Created by: S p a c e c r a f t  Design O f f i c e  

Modified by: None 

Used by: Model Weight F i l e  Genera tor  

PURFdSE OF INTERFACE 

This  f i l e  w i l l  f u r n i s h  n o n s t r u c t u r a l  we igh t s  o f  t h e  nodel .  

CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

The format o f  t h i s  f i l e  w i l l  n o t  be a v a i l a b l e  u n t i l  t h e  ISAS 
Funct iona l  S p e c i f i c a t i o n s  have been completed. The fo l lowing  
w i l l  be conta ined  i n  t h e  f i l e :  

0 Grid p o i n t  number of  weight l o c a t i o n  

0 X ,  Y, and 2 c o o r d i n a t e s  of  t h e  g r i d  p o i n t  

0 Nons t ruc tu ra l  weight a t  t h e  g r i d  p o i n t  
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BATCH FLIGHT CONDITIONS FILE 

GENERAL 

F l i g h t  d a t a  f o r  one o f  t h e  fo l lowing  s t a g e s  of t h e  v e h i c l e  wi’l 
be c o n t a i n e d  i n  t h i s  f i l e :  boos t  f l i g h t ?  s e p a r a t i o n ,  a i rcraf t  
f l i g h t ,  o r  l and ing .  

Type o f  i n t e r f a c e :  I 

I n t e r f a c e  medium: Tape s i m u l a t e d  mass s t o r a g e  

Output method: FORTRAN unfo rma t t ed  w r i t e  

Crea ted  by: Boost F l i g h t  Program, Aircraft Maneuvers 
Program, S h u t t l e  Touchdown Program, HSP2 
Program, HSP3 Program, A i r c r a f t  Gust Response 
Program, FRISBE 

Modified by: None 

Used by: F l i g h t  Cond i t ions  Reformat Fuqc t ion  (REFOR) 
and Batch Ana lys i s  Programs 

PURPOSE OF INTERFACE 

Th i s  f i l e  w i l l  be used t o  p rov ide  t h e  f l i g h t  c o n d i t i o n s  d a t a  t o  
t h e  b a t c h  a n a l y s i s  programs and a s  an i n p u t  t o  t h e  demand F l i g h t  
Cond i t ions  Reformat (REFOR) f u n c t i o n .  

CONFIGURATION CONSTRAINTS 

A l l  r e c o r d s  shown on t h e  format  w i l l  be l o g i c a l  r e c o r d s  and may 
c o n t a i n  oAie o r  more p h y s i c a l  r e c o r d s .  Each p h y s i c a l  r e c o r d  w i l l  
have t h e  fo l lowing  format :  

One FORTRAN c o n t r o l  word 

0 From 1 t o  2 4 9  d a t a  words 

0 Two FORTRAN c o n t r o l  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 .  

I f  the number o f  modes (MODES) is equal to zero, the file will 
not contain mode identifications, modal accelerations, nodal 
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 

Logical 
Record 

1 

Log i ca 1 
Record 

2 
(9 words) 

Logical  
Record 

3 

24 
words - 

1 
word 

1 

word 

- 
1 

word - 
1 

word - 
1 

word - 
1 

word 
- 

1 
word 
- 

1 
word - 

1 
word 

- 
NENG 
or 

IENG/ 2 
fords 

T m  

A 

L 

L 

I 

I 

I 

I 

L 

R 

R 

1 

R 

Description 

Title information 

Logical variable (ENGID) used to identify 
engines; if 

True - use engine ID numbers 
False -use X, Y ,  and 2 coordinates 

Logical variable (EXTFOR) to identify 
external forces; if 

True - use ID numbers 
False - use X ,  Y ,  and 2 coordinates 

Number of engines (NENC) 

Number of external forces (NEXT) 

Number of link forces (NLINI;) 

Number of nodes (NMODES) 

Logical variable (LNK) to 'identify link , -orces; i f 
True - use ID numbers 
Felse - use X ,  Y ,  and 2 coordinates 

Start time of data in seconds 

Stop time of data in seconds 

I f  ENGID = true, t h i s  block will contain 
engine identification numbers (NENC words) 

If ENGID - false, this block will contain 
X ,  Y .  and 2 ccordinates of engine loca- 
tions ( N E N W 2  words), maximum size - 
30 words 
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BATCH FLIGHT CONDITIONS FILE (continued) 

2.2.5.4 continued 

rn Description 

Log i ca 1 
Record 

4 

Logical 
Record 

S 

Logical 
Record 

6 

NAME 
Record 

Logica I 
Record 

?A 
(26 + NENC 
NEXT worlls 

NEXT 
or 

NEXT/ 2 
words 

NHODES 
words 

NLINK 
or 

NLINK/2 
words 

1 
word 

30 
words 

1 
word 

15 
word 

1 
word 

NENC 
words 

NEXT 
words 

If EXTFOR = true, this block will contain 

(NEXT words) 
I external force identification numbers 

If EXTFOR - false, this block will contain 
I(, Y, and 2 coordinates of external forces 
(NEXT/2 word), maximum record size - 
200 words 

R 

Identification numbers of modes. maximum 
record size = 100 words I 

If LNK - true, this block will contain link 
identification numbers (NLINK words) I 

If LNK - false, this block will contain X,  
R Y ,  anu 2 coordinates o f  the links (NLINK/2 

words), maximum record site - SO words 
Number of Retrieval Paraaeters I 

A Retrieval parameter identification 
(two words per parameter) 
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Time (seconds) 

Retrieval Parameters 

Dynamic pressure 

Thrust for each engine, 
maximum words = 30 

Force value for each external force, 
maximum words - 200 



BATCH FLIGHT CONDITIONS FILE - Concluded 

FORMAT - Concluded 

LDgical 
Record 

7A 
(conc.) 

Log i ca i 
Hccord 

7R 

- 
3 

words - 
3 

words - 
3 

words - 

- 

- 

XYlE 

R 

R 

R 

R 
R 
R 

R 

R 
R 
R 
R 

Description 

X,  Y ,  and Z t r a n s l a t i o n a l  a c c e l e r a t i o n s  

X ,  Y ,  and 2 r i a i d  body r o t a t i o n a l  
acce le ra t ions  

X,  Y ,  and 2 coordinates  of center of 
g r a v i t y  

I f  NLINK - 0 and NMODES - 0, t h e r e  w i l l  not 
be a record 7B 

I f  NLINK - 0 and NMODES + 0,  record 78 
w i l l  contain:  

Modal acce le ra t ions  (NMODES words) 
Modal v e l o c i t i e s  (NMODES words) 
Modal displacements (NMODES words) 

Total  number of words - 3'NMODES 

I f  NLINK + 0 and NMODES - 0 ,  record 7B 
w i l l  contain:  

Link forces  (NLINK words) 

Total  number of words = NLINK 

I f  NLINK + 0 a1.d NMODES E 0 ,  record 7 A  
w i l l  contain:  

Link forces  (NLINK words) 
Modal acce le ra t ions  (NMODES words) 
Modal v e l o c i t i e s  (NMODES words) 
Modal displacements (NMODES words) 

Total  words - NLINK + J*NMODES 

Logical records 7A and 7B w i l l  contain 
data  f o r  the  remaining times 

A- 38 



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: N T W  

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 fanction. 

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 

Descript ion 

Header Block 
Information 

(56 words) 

Vehicle Componen? 
ID Block 

(NVECHO"3 words) 

Load S t a t i o n  
ID Block 

(NOLOAD"4 words) 

- 
2 4  

words - 
1 

word - 
1 

word - 
1 

word - 
1 

word - 
1 

word - 
1 

word - 
26 

words - 
3 

words - 

5 
words - 

1 
word - 

1 
word - 

1 
word - 

T i t l e  information 

Flag - 0 ,  Body Loads F i l e  
* 1, Modified Body Loads F i l e  

Number of vehic le  components (NVECHO) 

Number of load s t a t i o n s  (NOLOAD) 

Number of times (NOTIME) containod on t h i s  f i l e  

S t a r t  time 

Stop time 

Spare 

I d e n t i f i c a t i o n  of f i r s t  vehic le  component 

I d e n t i f i c a t i o n  of l a s t  vehic le  component 

X-coordinate of f i r s t  l o r d  s t a t i o n  

Y-coordin8te of f i r s t  l o r d  s t a t i o n  

Z-coordinate of f i r s t  load s t a t i o n  
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BODY LOADS FILE - Continued 

FORMAT - Continued 

Load S t a t i o n  
ID Block 

(NOLOAD"4 words) 
(conc. 1 

Time Block 
(NOTIME words) 

Body loads force 
and moment com- 

ponents f o r  f i r s t  
time ond f i r s t  

load s t a t i o n  
(38 words) 

..- -- 

1 
ro rd - 

- 
1 

dord 

1 
dord 

- 
- 

1 
rord - 

1 
word - 

1 
dord - 

- 
1 

word 

6 
words 

- 
- 

6 
words - 

6 
words - 

6 
words - 

Descript ion 

P o i n t e r  f o r  f i r s t  load s t a t i o n  t o  veh ic l e  
component block i d e n t i f y i n g  veh ic l e  component 
fo r  t h i s  load s t a t i o n  

X-coordinate of l as t  load s t a t i o n  

Y-coordinate of las t  load s t a t i o n  

Z-coordinate of l as t  load s t a t i o n  

Po in te r  f o r  l a s t  load s t a t i o n  t o  v e h i c l e  
component block i d e n t i f y i n g  vehi:le component 
f o r  t h i s  load s t a t i o n  

F i r s t  time 

Last time 

Rigid body loads: 
d i r e c t i o n s ,  moment components i n  X ,  Y ,  and 2 
d i r e c t i o n s  

f o r c e  components i n  X ,  Y ,  and 2 

E l a s t i c  body loads:  fo rce  components i n  X ,  Y ,  
and t d i r e c t i o n s ,  moment components i n  X ,  Y ,  and 
2 d i r e c t i o n s  

Engine and ex te rna l  fo rce  loads:  
i n  X ,  Y ,  and 2 d i r e c t i o n s ,  moment componmts n 
X ,  Y ,  and 2 d i r e c t i o n s  

fo rce  compol;lents 

Aerodynamic loads:  fo rce  components i n  X ,  Y ,  and 
Z d i r e c t i o n s ,  moment components :n X ,  Y ,  and 
2 d i r e c t i o n s  
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BODY LOADS F I L E  - Continued 
FORMAT - Continued 

6 
words 

Body loads  force 
and moment com- 

ponents fur first 
time and first 
load station 
(38 words) 
(conc . ) 

Body loads force 
and moment com- 
poncnt.; for f i r s t  

t i m e  and sccond 
load stat ion 

Body loads force 
and moment com- 

ponents for first 
time and last 

load station 

Body loads  force 
and moment com- 

ponrnts for second 
t inic and first 

1o:itl station 

6 
words 

1 
word 

1 
word 

38 
words 

38 
words 

38 
words 

38 
words 

Description 

Link loads: force components in X ,  Y ,  and I 
directions, moment components in X ,  Y ,  and 
2 directions 

Total loads: force components in X ,  Y .  and Z 
directions, moment components in X ,  Y ,  and 
2 directions 

Root summed square force 

Root summed square moment 

A - 4 2  



BODY LOADS F I L E  - Concluded 

FORMAT - Concluded 

38 
words 

* 

D e s c r i p t i o n  

Body loads  f o r c e  
and moment com- 
ponents for l a s t  
time and f irst  

load s t a t i o n  

SoJy l oads  f o r c e  
and moment cam- 
ponents for l a s t  
time and l a s t  

load s t a t i o n  

A - 4 3  



BOOST AND AIRCRAFT FLIGHT CONDITIONS FILE 

This file was replaced by the Batch Flight Conditions File. 
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BOOST PLOT DATA F I L E  

GENERAL 

This  f i l e  w i l l  c o n t a i n  v a r i o u s  parameters  t h a t  can  b e  d i s p l a y e d  
i n  g r a p h i c a l  form a t  a remote t e rmina l  o r  w i t h  SC-4060 p l o t s .  

Type of i n t e r f a c e :  

I n t e r f a c e  medius: 

Output method: 

Created by: 

Modified by: 

Used by: 

PURPOSE OF INTERFACE 

IV 

TBD 

T BD 

Boost F 3 i  :I' + Cpndi t ions  

None 

Boosr F l i y ~ ~ t  :C ^ i o n s  

This  f i l e  w i l l  be  used t o  s t o r e  o u t p u t  parameters  from t h e  
Boost F,ight Program f o r  d i s p l a y  a t  a remot terminal .  

CONFIGURATION CONSTRAINTS 

Data w i l l  be indexed by 'ime. 

FORMAT 

The f i l e  format w i l l  be de tc rmineJ  a t  a l a t e r  d a t e .  The f i l e  
w i l l  c o n t a i n  time; 1 5  f l i g h t  c o n d i t i o n s ;  weight ;  l i n e ? - -  and 
r o t a t i o n a l  body a c c e l e r a t i o n s ;  Euler  a n g l e s  and comma 1 Luler 
a n g l e s ;  wind v e l o c i t y  components; t o t a l  t h r u s t ;  a l t i t u d e ;  l e n g t h  
of t h r u s t  moment arms; r e l a t i v e  v e l o c i t y ;  f i t t i n g s  loads  and 
v e r t i c a l  r e a c t i o n s ;  and t h r u s t ,  p i t c h  gimba.1 command, and yaw 
gimbal command f o r  engines  1 t o  5 .  
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COMBINED DATA FILE 

GENERAL 

This  temporsrv f i l e  w 11 c o n t a i n  modal d a t a  from t h e  "ser Modal 
t a p e  and f o r c e  da t a  from t h e  Force C o e f r i c i e n t  Data F i l e .  I t  
w i l l  b c  c r c a t c d  i f  t h e  u s e r  wishes  t o  execu te  t h e  Adjus ted  
Aerodynamics t ' ro~rnm.  

--- 

Type o f  i n t c r f a c e :  

I n t e r f a c e  ned i u m :  

Out pi1 t method - 
Created by:  

!4od i f  l e d  by : 

Used by:  

IV 

TBD 

T R D  

Aircraft  Gust and Boost Tarbulence  Loads 

Non t 

Aircraft Gust and Boost Turbulence  Loads 

PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  be used as  i n p u t  t o  t h e  b a t c h  Adjusted Aerodynamics 
Program. I t  w i l l  c o n t a i n  the modal and f o r c e  d a t a  r e q u i r e d  by 
t n a t  program. 

CONFIGURATION CONSTRAINTS 

T BR 
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COMPRESSED A?RODYNAMIC FORCES AND CONDITIONS FILE 

GENERAL 

Th-is f i l e  w i l l  c o n t a i n  d a t a  f o r  s e l e c t e d  times from t h e  ISAS 
F l i g h t  Condi t ions F i l e .  I t  w i l l  a l s o  c o n t a i n  aerodynamic f o r c e  
and moment c o e f f i c i e n t s  from t h e  Force C o e f f i c i e n t  Data F i l e  fo r  
t h e  f l i g h t  c m d i t i o n s  a t  t h e  s e l e c t e d  times. 

Type o f  i n t e r f a c e :  I V  

I n t e r f a c e  medium: Random access mass : torage 

Output method: NTRAN 

Crea ted  by: Body Loads Analys is  

Modi f i e d  by : 

Used by: Body Loads Analys is  

None 

PURPOSE OF INTERFACE 

This  f i l e  w i l l  c o n t a i n  a l l  f l i g h t  d a t a  and aerodynamic f o r c e  
and moment c o e f f i c i e n t  d a t a  f o r  each time p o i n t  needed by t h e  
u s e r  t o  perform h i s  body loads  a n a l y s i s .  

CONFIGURATION CONSTRAINTS 

0 I f  t h e  v a l u e  f o r  t h e  number of  engines  (NENG) i s  equa l  t o  
z e r o ,  t h i s  f i l e  w i l l  n c t  c o n t a i n  an Engiile I d e x t i r t c a t i o n  
Llock or engine  t h r u s t  d a t a .  

a If: t h e  number of e x t e r n a l  f o r c e s  (NEXT) i s  zqual  t o  z e r o ,  
t h i s  f i l e  w i l l  n o t  c o n t a i n  an Ex te rna l  Force I d e n t i f i c a t i o n  
Block or any e x t L r n a l  f o r c e  d a t a .  

0 I f  t h e  numbe, o f  modes (NMCDES) i s  zqual  t o  z e r o ,  t h i s  f i l e  
will not  c s n t a i n  a Mode I d e n t i f i - c a t i c n  Block o r  any modal 
a c c e l e r a t i m s ,  modal v e l o c i t i e s ,  o r  modal d i sp lacements .  
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COMPRESSED AERODYNAMIC FORCES ANI) CONDITIONS FILE - Continued 

CONFIGURATION CONSTRAINTS - Concluded 

0 If the rz,nber 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 AERODYKAMIC FORCES AND CONDITIONS FILE - Cont inibed 

FORMAT 

Header Informa- 
t i o n  Block 
( 5 6  words) 

24 
words 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 

word 

Descr ipt ion 

T i t  le  information 

Logical v a r i a b l e  (ENGXD) t o  i d e n t i f y  engines;  i f  
True - use engine ID numbers 
False - use X ,  Y ,  and Z coordinates  

Logical v a r i a b l e  (EXTFOR) t o  i d e n t i f y  ex te .  n a l  
f o r c e s ;  i f  
True - use ID n,..,bers 
False - use X ,  Y ,  and Z coordinates  

Logical v a r i a b l e  (LNK) t o  i d e n t i f y  l i n k  
fo rces :  i f  
True - use ID numbers 
Fa l se  - use X,  Y ,  and 2 coordinates  

Number of engines  ( h Z N G ) ,  maximum * 30 

Number o f  dxternai  f a r c e s  ( N E X T ) ,  maximum Z O O  

Number of l i n k  Corces (NLINK), maximum = 50 

Number of  modes (MODES), maximum = 200 

S t a r t  time f o r  Cata contained on t h i s  f i l e  

Stop time f o r  da t a  contained on t h i s  f i l e  

Number of timea (NOTIME) contained on t h i s  f i l e  

Ngrnber of  g r i d  po in t s  n lca+s model (NOCP), 
maximum = 400 

Beginning Mor6 l oca t ion  of d* a blocks 
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COMPRESSED AERODYNAMIC FORCES AND CONDITIONS FILE - Continued 

FORMAT - Continued 
Description 

Block (conc . ) 

Engine ID Block 

External Force 
ID Block 

Mode ID Block 

Link ID Black 

Point ID Block 

Point Coordinate 
Block 

Data Block for 
f i r s t  time 

1 
word 

1 
word 

18 
words 

I NENG 
or 

(NENG/6)3 

NEXT 
or 

[NEXT/6)3 I 
1 NMODES 

NLINK 
or 

:NLINK/6) 3 

NOGP*S 

Number of words per data block 

0 - link forces Qtf Flight Conditions File are ubed 
1 - link forces a:e t o  be computed 

Spare 

Logical variable (ENGID) to identify engines; if 
True - use engine ID numbers (NENC words) 
False - use X,  Y ,  and Z coordinates (NENG/Z words) 

Logical variable (EXTFOR) to identify external 
forces; if 
True - use ID numbers (NEXT uords) 
False - use X ,  Y,  and 2 coordinates (NEXT/Z words) 

Identification numbers for cach of the modes 

Logicpl variable (LNK) to identify link forces; if 
True - use ID numbers (NLINK words) 
False - use X ,  Y,  and 2 coordinates [ ‘LiXX;2 wnrds) 

Load model grid point identifir: IC., nmbars 

X ,  Y ,  and I coordinates a i  each p,,int 

-i words 

Time 

I5 f l i g h t  retrieval parameters 
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COMPRESSED AERODY.4NMI C FORCES AND CONDITIONS F I L E  - Continued 

FORMAT - Continued 

Description 

Data Block for 
first time 
(27 + NENG + 

NEXT + NLINK 
+ 3*NMODES + 
6*NOGP words] 

- 
3 

words - 
3 

words 

3 
words 

- 

- 

NENG 

- 

NEXT 

- 

NMODES 

- 

NMODES 

- 

NMODES 

- 

X, Y ,  acd 2 coordinates of center of gravity 

X, Y ,  and 2 directions translational rigid 
5ody acceleration 

X, Y ,  and 2 directions rotational rigid body 
acceleration 

Thrust for engine number 1 

Thrust for engine number NENG 

Force for external force number 1 

Force fo;. external force number NEXT 

Modal acceleration for first mode 

Modal acceleration for last mode 

Modal velocity for first mode 

. . 
Modal velocity for last mode 

Modal displacement for first made 

Modal displacement for last mode 
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COMPRESSED AERODYNAMIC FORCES AND CONDITIONS F I L E  - Concluded 

FORMA?' - Concluded - 
Description 

Data Block for 
first time 
(27 NENG 
NEXT NLINK 

3*kMODES + 
6*NOCP words) 

(conc. 1 

Data Block 
for 

second time 

Data Block 
for 

last time 

'rime Rlcck 

NLINK 

3 
words 

3 
words 

3 
words - 

3 
words 

UOTIME 

I 

Force for first link 

Force for last link 

X ,  Y ,  and 2 aerodynamic force coefficient com- 
ponents for first aerodynamic force station 

X, Y, and 2 aerodynamic moment coefficient com- 
ponents for first aerodynamic force station 

X ,  Y ,  and 2 aerodynamic force coefficient com- 
ponents for last aerodynamic for:e station 

X ,  Y ,  and 2 Perodynamic moment coefficient 
components for last aerodynamic force stat ion 

T h e  for first data block on this file 

Time for last data block on this file 
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Cp AT REQUIRED POINTS F I L E  

GENERAL 

T h i s  d a t a  f i l e  w i l l  c o n t a i n  p r e s s u r e  c o e f f i c i e n t  (C ) d a t a  f o r  
t h e  s e t  o f  g r i d  p o i n t s  r e q u i r e d  by t h e  i n d i v i d u a l  u s e r .  Also 
con ta ined  i n  t h e  f i l e  w i l l  be t h e  geometry in fo rma t ion  which 
d e s c r i a e s  t h e  g r i d  p o i n t s .  

P 

Type of i n t e r f a c e :  11, I11 

I n t e r f a c e  medium: Random access  mass s t o r a g e  

O u t  pu t  method : NTRAN 

Crea ted  by: Aerodynamic Loads, Aerodynamic Data Base 
Genera tor  

Modified by: None 

Used by: Force Inpu t s  t o  I n t e r n a l  Loads Analysis, i S t a t i c  Aeroelasticity/FOCAP, Aerodynamic 
Data Base Generator/FOCAP, Venting Ana lys i s /  
VADIC , Aero+namic Loads/FOCAP 

PURPOSZ OF INTERFACE 

T h i s  f i l e  w i l l  be used t o  provide  p r e s s u r e  c o e f f i c i e n t  d a t a  
and geometry d a t a  f o r  t h e  s p e c i f i e d  v a l u e s  of t h e  r e t r i e v a l  
paramete is  and g r i d  p o i n t s  t o  o t h e r  ISAS f u n c t i o n s .  

- CCNFIGURAiION - COIJSTZAINTS 

The c o n f i g u r a t i o n  c o n s t r a i n t s  f o r  t h i s  f i l e  w i l l  be t h e  same a s  
f o r  t h e  Aerodynamic Data Base b u t  w i t h  one excep t ion .  T h i s  f i l e  
w i l l  cor;tdin d a t a  f o r  on ly  one c o n f i g u r a t i o n .  

FORMAT 

The format and d e s c r i p t i o n  of  t h i s  f i l e  will be i d e n t i c a l  t o  t h e  
onc  d e s c r i b e d  on page A - 5  f o r  t h e  Aerodynamic Data Base. 

A-  53 



ELEMENT PROPERTY FILE 

GENERAL 

This f i l e  w i l l  con ta in  f i n i t e  element p rope r t i e s  o f  t h e  user 
model. 

Type of i n t c r€acc :  111 

In t e r f ace  medium: TRD 

Output method: TBD 

Created by: Element Property F i l e  Generator 

M a  d i f i ed by : None 

Used by: Model Weight F i l e  Generator,  I n t e r n a l  Loads 
and Dynamic C h a r a c t e r i s t i c s ,  Proper t ies  and 
Allowables 

PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  h e  used t o  supply element p rope r t i e s  t o  NAS'I'RAN. 

CONFIGURATION CONSTRAINTS 

None e x i s t  a t  t h i s  time. 

FORMAT 

Data on t h e  f i l e  shogild include f i n i t e  element p rope r t i e s  a t  
each model po in t .  
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EXTERNAL PRESSURE F I LE 

GENERAL 

Th i s  f i l e  w i l l  c o n t a i n  element geometry in fo rma t ion  and e i t h e r  
d i f f e r e n t i a l  p r e s s u r e  o r  e x t e r n a l  p r e s s u r e .  The type  of  p r e s s u r e  
d a t a  con ta ined  w i l l  be 2spendent upon user d e c i s i o n .  This  f i l e  
w i l l  be temporary and should b e  r e s i d e n t  f o r  s h o r t  p e r i o d s  of 
time . 

Type of i n t e r f a c e :  

I n t e r f a c e  medium: 

Output method: 

Crea ted  by: 

Modified by: 

Used by: 

PURPOSE OF INTERFACE 

111, I V  

Tape o r  s e q u e n t i a l  mass s t o r a g e  

NT RAN 

Force Inpu t s  t o  I n t e r n a l  Loads Ana lys i s  

None 

Force Inpu t s  t o  I n t e r n a l  Loads Analys is  

T h i s  f i l e  w i l l  be used t o  provide  easy  a c c e s s i b i l i t y  t o  d a t a  
which is t o  b e  t a b u l a t e d ,  p l o t t e d ,  o r  fo rma t t ed  i n t o  PLOADZ c a r d s .  

CONFIGURATION CONSTRAINTS 

Data f o r  on ly  one v e h i c l e  c o n f i g u r a t i o n  can be con ta ined  i n  t h e  
f i l e ,  and t h e  c o n f i g u r a t i o n  can have a maximum of 30 s e c t i o n s .  
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EXTERNAL PRESSURli FILE - Continued 

FORMAT 

Header 
Block 

(28 words) 

words 

word 

1 
Morr 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 s  
words 

word l l  

we. 
A 

I 

I 

1 

I 

I 

I 

A 

I 

A 

Total number of words = 280 

Pescription 

File identification 

Number of elements (NELEM), maximum - 6000 
Number of timepoints (NTIME) 

Configuration ID 

Number of sections in this configuration 

Sector address of elements in first section 

Word adEress of elements in first section 

Number of elements in this section 

Section ID 

Number of elements selected for each 
elemeqt type 1-15 

Spare 

ReFeat for each section 

Spare 



EXTERNAL PRESSURE FILE - Concluded 

1 
word 

9 
words 

. 

. 
1 

word 

9 
words 

1 r >  
word 

1 5  
words 

NELFM 
words 

FORMAT - Concluded 

Geometry 
Block 

(560 words) 

Pressiire 
Blockt 

T m s  

I 

R 

I 

R 

R 

R 

R 

Description 

First element identification number 

X .  Y ,  and Z coordinates of center point 
of first element and 0 
Number of connect ions 
Connection specifications 

. 
56th element identification 

X ,  Y ,  and Z coordinates of center 
point of 56th element and 0 
Number of connections 
Connection specifications each connection 

Geometry blocks containin identification 
numbers and ccordinates o f  remaining 
e 1 ement s 

First time (seconds) 

1 5  fiight conditions 

Differential or external pressure at 
each element 

Pressure Blocks for remaining time points 

'Written out in 560-word buffers. pAG1; 
fJ31GrnAJI u o  
OF. @ 
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FATIGUE INPllT PA'I'A F I L E  

TBI) 

4 -  58 



FATIGUE OUTPUT DATA F I L E  

TBD 
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FATIGUE SPECTRAL DATA FILE 

TBD 
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THD 

I 

FEEDLINE W D A L  DATA FILE 
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FORCE COEFFICIENT DATA FILE 

GENERAL 

! 

This  permanent d a t a  f i l e  w i l l  c o n t a i n  inc remen ta l  f o r c e s  and 
moment c o e f f i c i e n t s  a t  s p e c i f i e d  g r i d  p o i n t s  and t h e  i n t e g r a t e d  

t o t a l s  (Fx, Fy, F,, Mx, 5, Mz). 
f l i g h t  c o n d i t i o n s  and f o r  four d i f f e r e n t  c o n f i g u r a t i o n s  w i l l  be  
con ta ined  on t h e  same f i l e .  

Data €or m u l t i p l e  sets o f  

Type of  i n t e r f a c e :  I ,  111 

I n t e r f a c e  medium: Random access mass s t o r a g e  

Output method: NTRAN 

Crea ted  by: Aerodynamic Loads 

Modified by: None 

Used by : S t a t i c  A e r o e l a s t i c i t y ,  A i r c r a f t  Gust and Boost 
Turbulence Loads, Body Loads A n a l y s i s ,  Force 
I n p u t s  t o  I n t e r n a l  Loads A n a l y s i s ,  FRTSBE 

PURPOSE OF INTERFACE 

Th i s  f i l e  w i l l  be used as a common s o u r c e  w i t h i n  ISAS f o r  f o r c e  
c o e f f i c i e n t  d a t a .  

CONFIGURATION CONSTRAINTS 

e Data f o r  a maximum o f  f o u r  c o n f i g u r a t i o n s  can be con ta ined  
i n  t h i s  f i l e  a t  any one time. 

e No c o n f i g u r a t i o n  can have more than  15,900 sets of  d a t a  i n  
t h e  d a t a  base  a t  one time. However, due t o  mass s t o r a g e  
r equ i r emen t s ,  t h e  a c t u a l  number should  be main ta ined  a t  
a much lower l i m i t .  

e The g r i d  p o i n t s  d e s c r i b i n g  t h e  c o n f i g u r a t i o n  w i l l  be t h e  
same f o r  each s e t  o f  f l i g h t  c o n d i t i o n s  (each d a t a  s e t ) .  
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FORCE COEFFICIENT DATA FILE -Continued 

CONFIGURATION CONSTRAINTS - Continued 
0 A configuration can have a maximum of 30 sections, and the 

same sections must be present for each set of reference 
conditions. 

0 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. 

The number of retrieval parameters, which will be contained 
on the data base, will be a minimum of 3 and a maximum of 15. 

0 

The maximum number of unique values for each of the retrieval 
parameters for a configuration will be: 

Re tr ieva 1 
Parameter 

1 (Mach) 
2 (4 
3 (L3)  

4 
5 
6 
7 
a 
9 

10 
11 
12 
1 3  
14 
1 5  

Maximum 

31 
31 
15 
15 
1 5  
1 5  
15 
1 5  
15 
15 
15 
1 5  
1 5  
1 5  

7 

. 
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FORCE COEFFICIENT DATA FILE -Continued 

First 
ward 

CONFIGURATION CONSTRAINTS - Continued 
0 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. 

U 

,, Fcx -le of Mle of trieval trieval trieval trieval trieval d” 
attack sideslip paraueter paxwter  pula- patrrter paracter a 

e 

4rh re- 5th re- 6th m- 7th re- 8th re- 

index index index index indm index indcx t 

0 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. 

Zdd 

0 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: 

Maker of 
9th re- 10th re- 11th re- 12th re- lSth re- 14th re- 15th re- rrferenre Nder of 
trim1 trim1 t r i m 1  tr iwa l  ti ievai t r i m 1  t r i m 1  IIcBmre- plr- 
parameter prram?ter psrareter parmetar prmter parueto? mter  amts wtm 
index m k  index index Index indm L e x  (Nrm (NPR) 

1 2-5  6-9 10-13 14-17 18-21 22-25 26-28 29-J2 35-36 

e When the coded index is being used to identify data for a 
retrieve, only b i t s  2 through 35 of  the first word and bits 
2 through 28 of the second word will bc used. Bits 29 

A - 6 4  



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. 

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 
fs to be read, and the starting sector number will be obtained 
from the sector address table. 

0 

All data blocks will start with the first word of a sector. 
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FORCE COEFFICIENT DATA F l I E  - Continued 

~ 

Sector address of 
fourth Configuration 
Data Block 

1-18 

FORMAT 

NWRD in fourth Config- 
uration Dattr Block 

19-36 

xYP2 Description 

2 
sectors 

- 
24 

words - 

8 
words 

- 
24 

words 
f 

1 
word 

1 
word 

2*NRET 
words 

X+ 
words 

b 

'The number of spare words 

A 

A 

I 

A 

I 

I 

A 

A 

A 

A 

144 characters of any information which can be 
used to identify the file 

Sector address of Number ~f words (NWRD) 
first Configuration in Configuration Data 
Data Block Block 

19-36 

~~ ~~ ~ ~ 

Iconfiguration identifier of fourth configiretion I 

Spare 
i 

Spare 

Number of retrieval parameters (NRET) used in 
this data file. minimum * 3, maximum * 15 

first retrieval parameter 

first retrieval parameter 

. 
retrieval parameter number Nf ?T 

Spare 

( X I  - 56 - 2 - Z*NRET 
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FORCE COEFFICIENT DATA FILE - Continued 

NWRD 
words 

560 
words 

560 
words 

MWRD 
words 

KWRD 
words 

IWRD 
words 

-- 

- 

FORMAT - Continued 

Blocks NBIT [ 
Description 

First Configuration Data Block 

First Block Index 'Record 

0 

Last Block Index Record 

Geometry Data Block 

Reference and Parameter Block 

Incremental Data Block for first'set of flight 
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 

CONFIGIIRATION DATA BLOCK 

Description X Y E  

A Configuration identification 

I lnteger value of 1 

words 

A Section identifier - ADBFCD word 
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FORCE COEFFICIENT DATA FILE - Continued 

1 
word 

NRET 
words 

1 
word 

NMACH 
words 

NALPHA 
words 

NBETA 
words 

NRT4 
words 

NRT 5 
words 

NRT6 
words 

NRT7 
words 

NRTB 
words 

NRT9 
words 

-- 

L 

NRTlO 
words 

FORMAT - Continued 

CONFIGURATION DATA BLOCK - Continued 

I ' Number of words in 
Geometry Data Block 
(-1 

1-18 

Sector address of 
Geoaetry Data Block 

19-36 

Descriv t ion EYEE 

I 

I 

I 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Number of values for first retrieval parameter, 
Mach (NMACH). maximum - 31 . 

. 
Number of values for last retrieval parameter, 
(NRTlS), maximum - 7 
Number of Block Index Records (NBIT), maximum - 
55 

Values of first retrieval parameter 

Values of second retrieval parameter 

Values of third retrieval parameter 

Values of fourth retrieval parameter 

Values of fifth retrieval parameter 

Values of sixth retrieval parameter 

Values of seventh retrieval parameter 

Values of eighth retrieval parameter 

Values of nineth retrieval parameter 

Values of 10th retrieval parameter 

_ -  
I 
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1 

NRTll 
words 

NRT 12 
words 

NRTl3 
words 

NRT 14 
words - -. . -.--- 
NRTlS 
words 

FORCE COEFFICIENT DATA FILE 

I 

5 
words 

L 

3 
words 

I:OIlMR'I' - Cont i nucd 

CONFIGURATION DATA BLOCK - Concluded 

Sector address where Force Data Block is 
located - 

T 

Fitst 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 

I 

BLOCK INDEX RECORD 

504 
words 

i 

DRIGlNAL PAGE IS 
OF POOR QUALITY 

- Continued 

TQ€?c Description 

R Values of 11th retrieval parameter 

R Vaiues of 12th retrieval parameter 

R Values of 13th retrieval parameter 

R Values of 14th retrieval parameter 

R Values of 15th retrieval parameter 

%!E Description 
~ ~- - 

First word of coded index for first set of 
retrieval parameters 

I Second word of coded index for first set of I retrieval parameters 

. 
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FORCE COEFFICIENT DATA FILE - Continued 

FORMAT - Continued 

GEOMETRY DATA BLOCK 

T9!E Descr ip t ion  

I I d e n t i f i c a t i o n  numbers of po in ts  words 

R X,  Y ,  and 2 coord ina tes  for each po in t  words 

A Sect ion i d e n t i f i e r  , for  each p l o t  words 

Total  number of words - MWRD - S*NPTS 

REFERENCE AND PARAMETER BLOCK 

%?!? Descript ion 

3 
words 

3 
words 

3 
words 

3*NREF 
words 

2"PR 
words 

2 
words 

8 
words 

'Tota l  fo rce  components f o r  t h e  conf igura t ion  
F,, Fy ,  and F, 

Tota l  moment components for t h e  conf igura t ion  
Mx, My, and M, 

X,  Y ,  and Z coordinates  f o r  t o t a l s  

Reference da ta  a r r ay  (REF) 
R E F ( n , l )  - re ference  measurement name 
REF(n,2) - value for  t h e  re ference  measuroaent 
REF(n,3) - referonce measurement u n i t s  

Parameter da ta  a r r ay  (PAR) 
PAR(n,l) - parameter name 
P ~ ( n , 2 )  - parameter value 

Data set  c rea t ion  d a t e  

DI : f set conf igura t ion  name 

Total  *her of words - KWRD - 3LNREF + 2*NPR + 19 
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FORCE COEFFICIENT DATA FILE - Concluded 

- FORMAT - Concluded 

INCREMENTAL DATA BLOCK 

XYE? Description 

Incremental data array (FDA’ n FDA(n,l) * X-force component 
FDA(n,2) = Y-force compient 

6*NPTS R FDA(n,3) = 2-force component 
FDA(n,Q) - X-moment componelit Mx 

Y 
FDA(n,5) = Y-moment crtponent M U FDA[n,6) 9 2-moment .component M, 

words 

Total number of words = IWRD - 6*NPTS 
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FORCE COEFFICIENT F r L E  

GENERAL 

The Force C o e f f i c i e n t  F i l e  w i l l  b e  a temporary d a t a  f i l e  which 
w i l l  be  g e n e r a t e d  by t h e  b a t c h  prod:am FCCAP. 
c o n t a i n  t h e  computed inc remen ta l  f o r c e s  and moment c o e f f i c i e n t s  
a t  each  s p e c i f i e d  g r i d  p o i n t  and t h e  i n t e g r a t e d  t o t a l s  (Fx, 
F,, Mx, M Mz) a t  t h e  aerodynzmic r e f e r e n c e  p o i n t s .  

The f i l e  w i l l .  

FY 
Y’ 

Type o f  i n t e r f a c e :  I 

I n t e r f a c e  medium: Random access m3ss s t o r a g e  

Output method: NTRAN 

Crea ted  by: Aerodynamic Loads/FOCAP 

Modified by: None 

Used by: Aerodynamic Loads 

PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  b e  ust.0 t o  p rov ide  increment  f o r c e s  and moments 
f o r  s p e L i f i e d  g r i d  p o i n t s  and t o t a l s  t o  t h e  Aerodynamic Loads 
f u n c t i o n  and f o r  l a t e r  use by o t h e r  ISAS f u n c t i o n s .  

CONFIGURATION CONSTRAINTS 

The c o n f i g u r a t i o n  c o n s t r a i n t s  f o r  t h i s  f i l e  w i l l  be t h e  same 
a s  t h o s e  d e x r i b e d  on page A-62 f o r  t h e  Force C c e f f i c i e n t  Data 
F i l e .  H w e v e r ,  t h i s  f i l e  can c o n t a i n  d a t a  fo r  on ly  one 
c o n f i g u r a t i o n .  

A - 7 2  



FORCE COEFFICIENT FILE -Concluded 

FORMAT 

The format of t h i s  f i l e  w i l l  be the same as that of the Force 
Coeff ic ient  Data File on page A-66 with the €allowing exceptions: 

0 I t  w i l l  contain data for only one Lonfiguration. 

0 The Reference and Parameter Block w i l l  contain only the 
f irst  nine words. 

I 
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GUST INPUT FILE 

GENERAL 

The Gust Input F i l e  w i l l  be a temporary f i l e  c rea t ed  i n  t h e  A i r -  
c r a f t  Gust and Boost Turbulence Loads func t ion .  I t  w i l l  conta in  
da t a  selected from t h e  following four  f i l e s :  Basic Data F i l e ,  
Unsteady Aercdynamic Generalized Forces F i l e ,  Load Coef f i c i en t  
nata  F i l e ,  Standard Atmosphere F i l e .  

Type of i n t e r f ace :  I V  

I n t e r f a c e  medium: TBD 

Output method: TBD 

Created by: A i rc ra f t  Gust and Boost Turbulence Loads 

Modified by: None 

Used by: A i r c r a f t  Gust and Boost Turbulence Loads 

PURPOSE OF INTERFACE 

T h i s  f i l e  will be used a s  input  t o  t h e  Gust Response and Turbu- 
lence Response Programs. I t  w i l l  conta in  a l l  necessary input  
fo r  these  programs. 

CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

T BD 
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INPUT FLIGHT CONDITIONS FILE 

TBD 
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INTERIM AERODYNAMIC DATA FILE 

GENERAL 

Th i s  temporary d a t a  f i l e  w i l l  c o n t a i n  p r e s s u r e  c o e f f i c i e n t s  
(Cp) and geometry d a t a  f9r t h e  s t a n d a r d  set o f  g r i d  p o i n t s  for 
s p e c i f i e d  f l i g h t  c o n d i t i o n s .  

Type of i n t e r f a c e :  I V  

I n t e r f a c e  mcdium: Random access mass s t o r a g e  

Out  pu t  method : NTRAN 

Created by: Aerodynamic Loads 

Modified by: None 

Used by : Aerodynamic Loads 

PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  be used as temporary s t o r a g e  f o r  d a t ;  dhich has  
been developed from t h e  Aerodynamic Data Base and i s  t o  be used 
t o  de te rmine  p r e s s u r e  c o e f f i c i e n t s  f o r  a new model. 

CONFIGURATION CONSTRAINTS 

With t h e  excep t ion  t h a t  d a t a  f o r  on ly  one c o n f i g u r a t i o n  w i l l  b e  
con ta ined  on t h i s  f i l e :  t h e  c o n f i g u r a t i o n  c o n s t r a i n t s  w i l l  be  
t h e  same a s  f o r  t h e  Aerodynamic Data Base d e s c r i b e d  on 
page A - 5 .  

FORMAT 

T h e  format of  t h i s  f i l e  w i l l  be  i d e n t i c a l  t o  t h z t  o f  t h e  Aero- 
dynamic Data Rase (pagc A-5) ,  except t h a t  d a t a  f o r  on ly  one con-  
f i g u r a t i o n  w i l l  be con ta ined  on t h e  f i l e ,  
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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 rr.ntral 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). 

Fr.F. AT - -  

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 stLtion of 
each rgion. 

0 Section identification number 

0 Section type identification 

0 X ,  Y, and 2 coordinates of station 
' .I 
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INTERIM PROPERTIES AND ALLOWABLES FILE - Concluded 

- FORMAT - Concluded 

0 Geometry parameters (b ,  t ,  R ,  9) 

0 Material compressive modulus (E)  

0 Material t e n s i l e  ult imate stress (FTU) 

0 Poissonls r a t i o  ( v )  

0 Material compressive y i e l d  stress (FC) 

0 Material shear stress (FS) 

Material secant modulus (Es) 

0 Material tangent modulus (Et) 

0 Curve shape factor  (n) 
0 Curve secant y i e l d  stress (Foe,) 
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INTERIM SADSAC DATA FILE 

GENERAL 

The I n t e r i m  SADSAC Data F i l e  w i l l  c o n t a i n  p r e s s u r e  c o e f f i c i e n t s  
(C,) and geometry d a t a  f o r  p r e s s u r e  t a b u l a t i o n s .  Th i s  d a t a  w i l l  
be  o b t a i n e d  from System f o r  Automatic Development of S t a t i c  Aero 
thermodynamic Criteria (SADSAC) t a p e s  which are c r e a t e d  d u r i n g  
wind t u n n e l  t e s t s .  

Type o f  i n t e r f a c e :  I 

I n t e r f a c e  medium: Random a c c e s s  mass s t o r a g e  

Output method: NTRAN 

Crea ted  by: SADSAC Reformat Program 

Modified by: None 

Used by : Aerodynamic Data Base Genera tor  

PURPOSE OF INTERFACE 

Th i s  d a t a  f i l e  w i l l  be  used t o  p rov ide  d a t a  from t h e  SADSAC 
t a p e s  t o  I S A S .  The SADSAC d a t a  w i l l  have been v e r i f i e d  and 
minor c o r r e c t i o n s  completed b e f o r e  t h e  new d a t a  f i l e  is c r e a t e d .  

CONFIGURATION CONSTRAINTS 

With t h e  excep t ion  t h a t  d a t a  f o r  o n l y  one c o n f i g u r a t i o n  w i l l  
be c o n t a i n e d  on t h i s  f i l e ,  t h e  c o n s t r a i n t s  w i l l  be t h e  same a s  
f o r  t h e  Aerodynamic Data Base d e s c r i b e d  on page A - 5 .  

FORMAT 

Except for  t h c  c o n s t r a i n t  d e s c r i b e d  above, t h e  fc rmat  w i l l  be 
t he  same as f o r  t h c  Aerodynamic Data Base (see page A - 5 ) .  
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INTERMEDIATE MODEL WEIGHT FILE 

GENERAL 

This  temporary d a t a  f i l e  w i l l  c o n t a i n  i n t e r p o l a t e d  weights  f o r  
g r i d  p o i n t s  o f  t h e  model. 
Weight F i l e  Generator .  

The f i l e  w i l l  be  c r e a t e d  by t h e  Model 

Type of  i n t e r f a c e :  IV 

I n t e r f a c e  media : TBD 

Output method: TBD 

Created by: 

Modified by: 

Used by: 

Model Weight F i l e  Generator  

Model Weight F i l e  Genera tor  

Model Weight F i l e  Genera tor  

PURPOSE OF INTERFACE 

This  f i l e  w i l l  be  c r e a t e d  as an i n t e r i m  f i l e  i n  t h e  p rocess  o f  
developing t h e  Model Weight F i l e .  The f i l e  w i l l  p rov ide  temporary 
s t o r a g e  and a l low f o r  s a f e - p o i n t s .  

t 

CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

This  i n t e r i m  f i l e  should  i n c l u d e  t h e  fo l lowing  in fo rma t ion :  

0 Grid p o i n t  i d e n t i f i c a t i o n  numbers 

0 X ,  Y ,  and Z c o o r d i n a t e s  o f  g r i d  p o i n t s  

0 I n t e r p o l a t e d  weights  (6 x 1 v e c t o r  f o r  each g r i d  p o i n t )  



INTERPOLATED CONTROL POINT FILE 

GENERAL 

This data file will be used exclusively in the Lifting Surface 
Flutter/Unsteady Aerodynamic Forces function. It will cmtain 
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 

Mod i f i ed 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. 

0 Title information 

0 Number of grid points 
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INTERPOLATED CONTROL POINT FILE - Concluded 

- FORMAT - Concluded 
0 Grid point ID numbers and grid point'coordinates 

0 Number of modes 

0 Modal frequencies 

0 Interpolated modal displacement data 

I 
\ 
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INTERPOLATED STRUCTURAL DATA FILE 

GENERAL 

Th i s  f i l e  w i l l  c o n t a i n  s t r u c t u r a l  data i n t e r p o l a t e d  t o  a e r o -  
dynamic g r i d  p o i n t s .  

Type of i n t e r f a c e :  I 

I n t e r f a c e  medium: TBL) 

Output method: TBD 

Created  by: S t a t i c  A e r o e l a s t i c i t y  

d o d i f i e d  by: None 

Used by: S t a t i c  A e r o e l a s t i c i t y  

PURPOSE OF INTERFACE 

Th i s  f i l e  w i l l  a l l ow t h e  u s e r  t o  s t o r e  t h e  i n t e r p o l a t e d  s t r u c -  
t u r a l  d a t a  and examine it a t  t h e  console .  The d a t a  w i l l  
subsequent ly  be used t o  form an inpu t  f i l e  f o r  t h e  S t a t i c  Aero- 
e l a s t i c i t y  Program. 

CONFIGURATION CONSTRAINTS 

A naximum of 1000 g r i d  l o c a t i o n s  w i l l  e x i s t .  A m a t r i x  w i l l  be  
l i m i t e d  t o  100 x 100. 

FORMAT 

The f i l e  format w i l l  be determined i n  t h e  f u n c t i o n a l  s p e c i f i c a -  
t i o n s  phase.  A f i l e  w i l l  c o n t a i n  g r i d  l o c a t i o n s ,  c o n t r o l  p o i n t  
numbers ,  and an i n t e r p o l a t e d  i n f l u e n c e  c o e f f i c i e n t  ma+rix. 



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: I11 

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 t o  transmit the flight data to the 
analysis programs. 

CONFIGURATION CONSTRAINTS 

0 If the value for the number of engines (NENG) is equal to 
zero, the file will not contain an Enpine Identification 
Block or engine thrust data. 

0 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. 

0 I f  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. 

0 The file will not contain any link forces or a Link Identifi- 
cation Block if the number of links (NLINK) is equal t o  zero. 
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Header 
Information 

Block 
(56 words ) 

- 
24 

words 

- 
1 

word 

- 

ISAS FLIGHT CONDITIONS F I L E  - Continued 

1 
rotd 

- 
1 

rtor d - 
1 

word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

- 
- 
- 
- 
- 
..- 
- 

Descript ion 

T i t l e  information 

Logical v a r i a b l e  (ENGID) t o  
True - use eagine  ID numbers 
False  - use  X ,  Y ,  and 2 coorr F 

i f y  engines;  i f  

Logical va r i ab le  (EXTFOR) t o  i den t i fy  ex te rna l  
forces ;  i f  
True - ua I D  numbers 
Fa lse  - use X, Y ,  and 2 coordinates  

Logical v a r i a b l e  (LNK) t o  i d e n t i f y  l i n k  forces ;  i f  
True - use I D  numbers 
False - use  X ,  Y ,  and 2 coord ina tes  

Number of engines  (NENG) 

Number of e x t e r n a l  fo rces  (NEXT) 

Number of l i n k  fo rces  ( N L I N K )  

Number of modes (KMODES) 

S t a r t  time f o r  d a t a  contained on t h i s  f i l e  
( f l o a t i n g  poin t  seconds) 

Stop time f c  
( f l o a t i n g  poin t  seconds) 

d a t a  contained cn t h i s  f i l e  

I , ( f l o a t i n g  poin t  seconds) 
Increment between t.,crs = TIhCt 

'Time increment (TINC) w i l l  be equal t o  ztro i f  t he  da ta  poiirts e r e  not  f o r  a 
regular  t i n e  increment. 
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I SAS FLIGHT COND 1 T IONS FILE - Con t inueii 

FORIlAT - Continued -- 

Header 
Informati  -I 

Block 
-one. ) 

Engine 
ID 

Block 

External  Force 
ID Block 

Mode 
ID Block 

Link 
ID Block 

. Data Block 
for f i r s t  time' 

(27 + NENG + 
NEXT + NLINK + 
SWlODES words) 

I 
wrird 

1 
word 

1 
word 

19  
words 

NENG 
o r  

(NENG/2) 

NEXT 
o r  

(NEXT/ 2 ) 

NOGES 

NLINK 
or  

(NLINK/Z) 

1 
word 

15 
words -- 

Descr ip t io3  

Demand FLAG = *ISAS..-' 

Number of tilues (Et"ME) 
Equal t o  zero i f  time increment i s  regu-Pr 

S t a r t i n g  sec to r  number of f i r s t  time block 

SpAre 

Logical v a r i a b l e  (ENCID) t o  iden t i fy  englnrs ;  i f  
True - use I D  numbers (NENG words) 
False  - use X,  Y, and 2 coordinates  (NENG/2 words) 
Maximum size = 30 words 

Logical v a r i a b l e  (EXTFOR) t o  i d r n t i f y  externat 
fo rces ;  i f  
True  - use  I D  numbers (NEXT words) 
Fa lse  - use X ,  Y ,  and Z coord ina tes  (NEXT/Z words) 
Maximum s i t  200 words 

I f  NMODES - 0,  no en t ry  
I f  NMODES > 0 ,  i d e n t i f i c a t i o n  of each o f  t h e  
mode- w i l l  be en tered  ht - . 
Maximum size - 200 words 

I f  LNK = 0 ,  no e n t r y  
Logical v a r i a b l e  (LNK) t o  i d e n t i f ,  l i n k  fo rces ;  i f  
True - use ID numbers (NLINK w.:rds) 
False  - use X ,  Y ,  and 2 coordi  
Maximum size - 50 words 

tes (NL:NK/2 words) 

Time ( f l o a t i n g  poin t  seconds) 

15 r e t r i e v a l  parmmeters 

'Number of words per d a t a  block 16 + NEW + NEXT + N L I N K  + PNMODES TURD 
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ISAS FLIGHT 

FORMAT - Continued 

NENG 
words 

NEXT 
words 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

~ Data Block + 

for first time 
(con t . ) 

(27 + NENG + 
NEXT + NLINK + 
PNMODES words) 

CONI) I T  IONS F I L E  - Con t inued 

Description 

Thrust for each engine in order 1 through 
NEPIG (real number) 

Force value for each external force in numerical 
order (real number) 

X, Y, and 2 translational accelerations 

X-direction rigid body rotational acceleration 
(real number) 

Y-direction rigid body rotational acceleration 
(real number) 

Z-direction rigid body rotational acceleration 
(real number) 

X-coordinate of center of gravity (real number) 

Y-coordinate of center of gravity (real number) 

Z-coordinate of center of gravity (real number) 

+Number of words per data block - 16 + NENG + NEXT + NLINK + 3*NMODES = TWRD 
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ISAS FLIGHT CONDI'TIONS FILE - Concluded 

FORMAT - Concluded 

Description 

Data Block 
for 

first time 
(conc. ) 

Data Block 
for 

second time 

Data Block 
for 

last tine 

NLINK 
words 

NMODES 
words 
-~ 

NMODES 
words 

;mRD 
words 

280 
words 

280 
words 

Force value for each link in numerical order 
(real number). If NLINK is equal to zero. this 
block will not be on file 

Modal acceleration for each mode in numerical 
order (reo1 number) 

Modal velocities for each mode in numerical 
order (real number) 

Modal displacements for each mode (real nunbet) 

The number of tine blocks is equal to the number . 
of times (NTME) divided by 280. If the time 
increment 3: regular (TINS + 0) , there will not 
be any t h e  blocks 

'Number of words per data block - 16 + NENG + NEXT + NLINK + 3eNMODES - 'TWRD 
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LIFTING SURFACE FLUTTER INPUT FILE 

GENERAL 

This f i l e  w i l l  be used exc lus ive ly  i n  t h e  L i f t i n g  Surface F l u t t e r /  
Unsteady Aerodynamic Forces funct ion 2nd w i l l  conta in  mass d a t a ,  
s t i f f n e s s  d a t a ,  and unsteady general ized forces  da ta .  

Type of  i n t e r f ace :  I\' 

I n t e r f ace  medium: Random access mass s to rage  

Output method: NTRAN 

Created by: L i f t i n g  Surface Flutter/Unsteady Aerodynamic 
Forces 

Modi f i ed by : None 

Used by: L i f t i n g  Surface Flutter/Unsteady Aerodynamic 
Forces 

PURPOSE OF INTERFACE 

This f i l e  w i l l  contain a l l  t h e  da t a  needed by t h e  batch F l u t t e r  
Solut ion Program. 

- CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

The format of t h i s  f i l e  w i l l  be determilled during t h e  func t iona l  
design s t age .  

P 
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LIFTING SURFACE FLUTTER OUTPUT FILE 

GENERAL 

Th i s  f i l e  w i l l  c o n t a i n  such f l u t t e r  s o l u t i o n  d a t a  as f l u t t e r  
f requency ,  f l u t t e r  v e l o c i t y ,  and f l u t t e r  damping. I t  w i l l  a l s o  
c o n t a i n  f l u t t e r  mode shape data. 

Type o f  i n t e r f a c e :  

I n t e r f a c e  medium: 

Output met hod : 

Created by: 

Modified by:  

(Jscd by: 

IV 

Random access mass s t o r a g e  

NTRAN 

F l u t t e r  S o l u t i o n  Program (ba tch )  

None 

L i f t i n g  Sur face  F lu t t e r /Uns teady  Aerodynamic 
Forces  

PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  be a s t o r a g e  a r e a  f o r  f l u t t e r  s o l u t i o n  d a t a  and 
f l u t t e r  mode shape d a t a .  
t e r m i n a l  t a b u l a t i o n s  and g r a p h i c a l  d i s p l a y s  of t h e  f l u t t e r  d a t a .  

This  f i l e  w i l l  b e  used t o  produce 

CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

The format o f  t h i s  f i l e  w i l l  be  determined du r ing  t h e  f u n c t i o n a l  
des ign  stage;  however, it w i l l  c c n t a i n  t h e  fo l lowing  in fo rma t ion .  

0 T i t l e  in fo rma t ion  

0 Number o f  g r i d  p o i n t s  

0 Grid p o i n t  ID Lumbers and c o o r d i n a t e s  

0 Number of modes 
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1 

LIFTING SURFACE FLUTTER'OUTPUT FILE - Concluded 

FORMAT - Concluded 
0 Altitude 

e Mach number 

0 Reduced frequency 

a Flutter 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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I 

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: 111, IV 

Interface medium: 

Output method: NTRAN 

Created by: Load Coefficient Generator 

Modified by: None 

Used by: Body Loads Analysis, Load Coefficient 

Random access mass storage 

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) = 2 5  
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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FORFZAT 

File Location 
and 

Identification 
Block 

(336 words) 

Rlock describing 
file size 
(28 words) 

ORIGINAL PAGE 18 
OF POOR QUALITIS 

LOAD COEFFICIENT DAlA FILE - Continued 

words 

words 

1 
word - 

1 
word 

12 
words 

- 
- 

- 
1 

word 

12 
words 

- 
- 

1 
word - 

1 
word - 

1 
word - 

1 
word - 

1 
word - 

1 
word - 

1 
word 

1 
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 o f  modes (NMODES) 

Number of degrees of freedom (NDF) 

Number of nodes (NNODE) 

Number of degrees of freedom for link forcer 
(NOLN) 

Number of links (NLINK) 

X-coordinate reference point 
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LOAD COEFFICIENT DATA FILE - Continued 

FORMAT - Continued 

Description 

Block describing 
file size 
(conc. ) 

Vehicle Component 
11) Block 

(NVt:IICO*3 words) 

1 
word 

1 
word 

1 
word 

16 
words 

3 
words 

3 
words 

18 
words 

18 
words 

NMOI)ES*3 
words 

NMOUIS" 3 
wards 

X I ) F * 3  
words 

-_- 

N I ) F * 3  
words 
-_- 

Y-coordinate reference point 

Z-coordinate reference point 

SYM - logical variable which, if true, indicates 
symmetric modes are used 

ANTI - logical variable which, if true, indicates 
antisymmetric modes are used 

Spare 

Identification of first vehicle component 

Identification of last vehicle compcnent 

Load coefficients for rigid body X ,  Y ,  and 1 
force components (6 words each component) 

Load coefficients for rigid body X ,  Y. and 2 
moment components (6 words each component) 

Load coefficients for elastic body loads 
X ,  Y ,  and Z force components (NMODES words 
for cach componentl 

Load coefficients for elastic body loads 
X ,  Y ,  and 2 moment components (NMODES words 
for each component) 

Load coefficients for force lcads X ,  Y ,  
ant1 2 forcr  componcnts (NP!: words for each 
component ) 

Load cocfficicnts for force loads X ,  Y ,  
and 2 mopcat components (NDF words for each 
compcnent) 
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LOAD COEFFICIENT DATA FILE - Continued 

FORMAT - Continued 

Load c o e f f i c i e n t s  
for  load s t a t i o n  
number 1 (conc.)  

Load c o e f f i c i e n t s  
for  load s t a t i o n  

number 2 

Load c o e f f i c i e n t s  
f o r  l a s t  load 

s t a t  ion 

: 

NOW"3 
words 

NOLN"3 
words 

36 
words 

NMODES* 6 
words 

NDF*6 
words 

NOLN"6 
words 

36 
words 

NMODES ' 6  
words 

~ ~- - 

NDF*6 
words -- 
NOLN"6 
words 

Descr ipt ion 

Load c o e f f i c i e n t s  f o r  l i n k  fo rce  loads  X,  Y ,  
and 2 forcv corbponbnts (NOLN words f o r  each 
component ) 

Load c o e f f i t i e n t s  f o r  l i n k  fo rce  loads X. Y ,  
and Z moment] csmponents (NOLN words f o r  each 
component) i 

c 

Rigid body load c o e f f i c i e n t s  

E l a s t i c  body load c o e f f i c i e n t s  

Force load c o e f f i c i e n t s  

Link force  load c o e f f i c i e n t s  

Rigid body load c o e f f i c i e n t s  

E l a s t i c  body load c o e f f i c i e n t s  

Force load c o e f f i c i e n t s  

L i n k  force load c o e f f i c i e n t s  
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LOAD COEFFICIENT DA’I‘A FILE - Continued 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

r 

1 
word 

1 
word 

FORMAT - Continued 
Description 

(NI,OADS*4 words) 
Load Station 

ID Block 

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 DAI'A FILE - Continued 

- FORMAT - Continued 

NODE Coordinate 
ID Block 

(NNODE"3 words) 

NODE ID 13lock 
(NNODE words) 

NUP words 

- 
1 

word 

1 
ward 
-. 

1 
word 

. . 
- 

1 
word - 

1 
word 

1 
word 

1 
word 

- 
- 

- 

- 
1 

word - 
1 

word - 

7 

1 
word - 

Description 

X-coordinate for first node 

Y-coordinate for first node 

Z-coordinate for first node 

X-coordinate for last node 

Y-coordinate for last node 

Z-coordinate for last node 

ID number for first node 

ID number for last node 

XU number for each degree of freedom 
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LOAD COEFFICIENT DATA FILE - Concluded 

FORMAT - Concluded 

Link Coordinai-. 
ID Block 

(NLINK"3 words) 

Link I l l  Block 
(NLINK words) 

* 
word 

word 

word 

Description 

X-coordinate of link number 1 

Y-coordinate of link number 1 

Z-coordinate of link number 1 

X-coordinate of link number NLINK 

Y-coordinate of link number NLINK 

Z-coordinate of link number NLINK 

ID number for first link 

li) number for l a s t  link 
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LOAD COEFFICIENT NAMELIST INPUT DATA FILE 

TBD 
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LOAD INPUT DATA FILE 

GENERAL. 

This  f i l e  w i l l  c o n t a i n  t h e  r e q u i r e d  load  coe f f i c i c r . t s  a t  t h e  
s e l e c t e d  load  s t a t i o n s  from t h e  Load C o e f f i c i e n t  Data f i l e .  I t  
w i l l  a l s o  c o n t a i n  t h e  times from t h e  Compressed Aerodynamic 
Forces  and Condi t ions  F i l e  a t  which l o a d s  are t o  b e  c a l c u l a t d .  

Type of  i n t e r f a c e :  

I n t e r f a c e  medium: 

Output method: 

Crea ted  by: 

Modified by: 

Used by: 

IV 

Randor access mass s t o r a g e  

NTRAN 

Body Loads Ana lys i s  

None 

Body Loads Ana lys i s  

PURPOSE OF INTERFACE 

n i l  in fo rma t ion  needed f o r  t h e  body l o a d  c a l c u l a t i o n s  w i l l  be 
con ta ined  on t h i s  f i l e  i n  an e s s i l y  a c c e s s i b l e  format .  

__c 

CONFIGURATION CONSTRAINTS 

The  major f i l e  VPrAables  w i l l  have t h e  fo l lowing  maximum l i m i t s :  

Vehic le  components (NVEHCO) = 10 

Load s t a t i o n s  (NOLOAD) = 100 

Degrees of freedom f o r  e l a s t i c  body f o r c e s  (NOEB) = 200 

Degrees of  freedom f o r  engine  and e x t e r n a l  f o r c e s  (NOEF) = 200 

ncgrees  cf  freedom f o r  aerodynamic f o r c e s  (NOAE) = 1 2 0 0  

Dcgrees of freedom f o r  l i n k  forces  (NOLN) = S O  
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LOAD INPUT DATA FILE - Continued 

FORMAT 

Header 
1 II format 1 on 

Rlock 
(Sb words) 

24 
words 

a 
words 

1 
word 

1 
word 

1 
word 

1 
word 

I 
wo rd 

1 
word 

1 
word 

1 7  
words 

3 
words 

Description 

T i t l e  m t l  identification information 

Identification of Compressed Aerodynamic Forcc 
and Conditions F i l a  used to create this f i l e  

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) 

Number of degrees of freedom for aerodynamic 
forces (NOAE) 

Number of degrees of freedom for link 
forces (NOLN) 

Number of time (NITIME) contained on this file 

Spare 

Identification of first vehicle component 

. 
Idcnt i ficat ion of last vehicle component 
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LOAD INPUT 

- FORMAT - Continued 

Load coeffi- 
cients for 
load station 
number 1 

Load coeffi- 
cients for 
lead station 
number 2 

18 
words 

18 
words 

.- 

NOEB"3 
words 

NOEB*3 
words 

NOEF"3 
words 

NOEF*3 
words 

NOAE * 3 
words 

NOAEn 3 
words 

NOI.N* 3 
words 

NOLIP 3 
words 

36 
words 

NOEB*( 
words 

NOEF"6 
words 

DATA FILE - Continued 

Description 

Load coefficients for rigid body X ,  Y ,  and Z 
force components (6 words for each component) 

Load coefficients for rigid body X, Y .  and 2 
moment components (6 words for each component) 

Load coefficients for elastic body loads X ,  Y ,  
and 2 force components (NOEB words for each 
component) 

Load coefficients for elastic body loads X ,  Y ,  
and Z moment components (NOEB words for each 
component ) 

Load coeffic 
and 2 moment 
component) 

Load coeffic 
and Z moment 
compcnen t ) 

Load coef 
Y ,  and 2 
cmponen t 

ents for external force loads X ,  Y .  
components (NOEF words for each 

ents for external force loads X, Y ,  
components (NOEF words For each 

'icients for aerodynamic force loads X ,  
Yorce components (NOAE words for each 

Load coefficients for aerodynamic force loads X ,  
Y ,  and 2 moment components (NOAE words for each 
component) 

Load coefficients for link force loads X ,  Y .  and 
2 force components (N0I.N words for each componcnt) 

Load coefticients for link force loads X ,  Y ,  and 
i moment components (NOLN words for each componentl 

Rigid body load coefficients 

Elastic body load coefficients 

External force load coefficien*s 
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LOAD INPUT DATA FILE - Continued 

FORMAT - Continued 
Description 

Load coeffi- 
cients for 
load station 
number 2 
(conc.) 

Load coeffi- 
cients for 
last load 
stat ion 

NOAE*b 
words 

NOLN*6 
words 

36 
words 

NOEB* 6 
words 

NOEF*6 
words 

NOAE*6 
words 

NOLN*6 
words 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

Aerodynamic force load coefficients 

Link force load coefficients 

Rigid body load coefficients 

Elastic body load coefficients 

External force load coefficients 

Aerodynamic force load coefficients 

Link force load coefficients 

X-coordinate of first load station 

Y-coordinate of first load station 

Z-coordinate of first load station 

Pointer for first load station to vehicle compo- 
nent block identifying vehicle component for 
this load station 

X-coordinate for last load station 

A- 104 



LOAD INPUT DATA TILE - Concluded 

FORMAT - Concluded 
Description 

Load Station 
ID Block 

(NOLOAD*4 words) 
(conc.) 

Tilac and Data 
Pointer Block 
(NITIME*2 words) 

1 
word 

1 
word 

1 
word 

word 

1 
word 

I 

word 

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 

First time for data contained on this file 

Data block number on Compressed Aerodynamic 
Force and Conditions File where the data for 
the f i r s t  time is stored 

Last time for data contained on this f le 

Data block number on Compressed Aerospace 
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: 

0 Control points of the model (in terms of Cartesian coordinates) 

0 Element sets associated with each control point 

0 Coefficient matrices for each element 
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MASS/C,RID/M13DAL FILE 

TBD 

A -  I 0 7  



MATERIAL DATA FILE 

TBD 
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TBD 

MAXIMUM LOADS DATA FILE 
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MERGED FLIGHT CONDITIONS FILE 

GENERAL * I  

This  f i l e  w i l l  c o n t a i n  s e l e c t e d  f l i g h t  c o n d i t i o n s  d a t a  t o  be 
used by o t h e r  ISAS f u n c t i o n s .  

Type of  i n t e r f a c e :  111 

I n t e r f a c e  mcdium: T B D  

Output method: T BD 

Created by: F l i g h t  Condi t ions  Merge 

Modified by: None 

Used by: F l i g h t  Condi t ions  Merge, Force I n p u t s  t o  
I n t e r n a l  Loads Ana lys i s  

PURPClSE OF INTERFACE 

This  f i l e  w i l l  b e  a h i g h l y  s e l e c t e d  source  OP f l i g h t  c o n d i t i o n s  
d a t a  from m u l t i p l e  ISAS F l i g h t  Condi t ions  Fi les  t o  be used i n  
Force Inpu t s  t o  I n t c r n a l  Loads Analys is .  

- -- 

CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

The a c t u a l  format  of t h i s  f i l e  w i l l  not be a v a i l a b l e  u n t i l  t h e  
f u n c t i o n a l  des ign  s p e c i f i c a t i o n s  have been developed. 
information i n  t h i s  f i l e  w i l l  be  t h e  same a s  f o r  t h e  ISAS F l i g h t  
Condi t ions  Fi le  but  w i t h  some a d d i t i o n a l  d a t a ,  as s p e c i f i e d  i n  
s c c t i o n  4.13 ( F l i g h t  Condi t ions  Merge). 

The 
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MODEL LOADS FILE 

GENERAL 

Th i s  temporary d a t a  f i l e  w i l l  c o n t a i n  images of  NASTRAN c a r d s .  
The c a r d  images w i l l  be  c o n s t r u c t e d  by ISAS from d a t a  con ta ined  
i n  t h e  ISAS d a t a  base  f i l e s .  

'Types of i n t e r f a c e :  11, 111, I V  

I n t e r f a c e  medium: Tape o r  t ape - s imula t ed  mass s t o r a g e  

Output met hod : 

Created by: Force I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  

Modified by: Force I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  

FORTRAN f o r m a t t e d  write 

Used by: NASTRAN, I n t e r n a l  Loads and Dynamic 
C h a r a c t e r i s t i c s  

PURPOSE OF INTERFACE 

Th i s  f i l e  w i l l  be used t o  t r a n s m i t  d a t a  ( i n  images of  NASTRAN 
c a r d s )  t o  t h e  ba t ch  program NASTRAN. 

CONFIGURATION CONSTRAINTS 

Each c a r d  w i l l  be composed of 80 F i e l d a t a  c h a r a c t e r s  and con-  
t a i n e d  i n  a s i n g l e  r eco rd .  

FORMAT - 
One record 
( 1 4  words) 

One record 
( 1 4  words) 

I . n t l - o f - f i l e  mark 

t n d - o f - f i l e  mark 

I Card image of f i r s t  

NASTRAN card 
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MODEL LOADS FILE -. Concluded 

8 

9 

10 

11 

1 2  

FORMAT - Concluded 

DETAILED FORMAT OF A NASTRAN CARD IMAGE 

43-48  

49 -54  

5 5 - 6 0  

6 1 - 6 6  

67-72  

F i e l d a t a  c h a r a c t e r s  for t h e  14 words on a NASTRAN card w i l l  be  
c o n t a i n e d  i n  card  columns as  shown below.  

13 73 -78  

14 79-8U 
J 
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MODEL MATERIAL F I L E  

GENERAL 

This  f i l e  w i l l  c o n t a i n  t h e  material p r o p e r t i e s  of t h e  model. 

Type or i n t e r f a c e :  111 

I n t e r f a c e  medium: TBD 

Output method: TBD 

Crea ted  by: Model Material F i l e  Genera tor  

Modified by: None 

Used by: Model Weight F i l e  G e n e r a t o r ,  P r o p e r t i e s  and 
Allowables ,  I n t e r n a l  Loads and Dynamic 
C h a r a c t e r i s t i c s  

PURPOSE OF INTERFACE 

The parameters  o f  t h i s  f i l e  w i l l  b e  used t o  p rov ide  s t r u c t u r a l  
m a t e r i a l  p r o p e r t i e s  d a t a  t o  any a n a l y s i s  program and iSAS 
func t ions .  

CONF IGURAT ION CONSTRAINTS 

None e x i s t  a t  t h i s  time. 

FORMAT 

The  format  of t h i s  f i l e  w i l l  be  developed a s  a p a r t  of t h e  
f u n c t i o n a l  d e s i g n  s p e c i f i c a t i o n s .  Table  4 . 2 1 - 1  l i s t : ;  t h e  d a t a  
t o  h e  con ta ined  i n  t h i s  f i l e .  
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MODEL TEMPERATURE FILE 

GENERAL 

This data file will contain time history temperature data fox a 

structural model. 

Type of icterface: I11 

Interface medium: THD 

Out put media : TBD 

Created by: Model Temperature File Generator 

Modified by : hbdel. Temperature File Generator 

Used hy :  Interial Loads and 3ynamic Characteristics, 
Model Material File Generator 

PURPOSE OF INTERFACE 

This file will serve as a central source for time histories of 
the temperature at eacn grid point of a structural model. 

CONFIGURATION CONSTRAINTS 

TBD 

FORMAT 

The actual format of this file will not be a=railablL until the 
ISAS functional design specification has been completed. The 
following information will be contained in the file for each 
time frame. 

0 Grid point identification 

0 Temperature at each grid point 
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MODEL WEIGHT F I L E  

GENERAL 

The M D d e l  Weight F i l e  w i l l  c o n t a i n  t h e  h e i g h t  a t  each  s i r u c t u r a l  
mode, - . i d  p o i n t .  

Type o f  i n t e r f a c e :  

I n t e r f a c e  medium: 

Out put  met hoJ : 

Created  by: 

Modi f i ed by : 

Used by: 

111 

*. BD 

T3D 

Model Weight F i l e  Genera tor  

Model Weight F i l e  Genera tor  

Force I n p u t s  t o  I n t e r n a l  Loads A n a l y s i s ,  
I n t e r n a l  Loads and Dynamic C h a r a c t e r i s t i c s ,  
Laad C o e f f i c i e n t  Gene ra to r ,  Model Weight 
F i l e  Genera tor  

PURPOSE OF INTERFACE 

This  f i l e  w i l l  p rov ide  weight  d a t a  o f  t h e  model f o r  o t h e r  ISAS 
f u n c t i o n s .  

CCNFIGURATION CONSTRAINTS 

TBD 

FORMAT 

The d a t a  on t h i s  f i l e  w i l l  i n c l u d e :  

0 S t r u c t u r a l  model g r i d  p o i n t  numbers 

0 Coordina tes  of each g r i d  p o i n t  

o Wcight a t  each g r i d  p o i n t .  i d e n t i f i e d  as t aken  from t h e  
Hasic Weight F i l e  o r  c a l c u l a t e d  from d a t a  from t h e  Model 
Matcrirl l  F i l e  



MODEL WEIGHT FILIi - Concluded 

FORMAT - Concluded 

0 Mass at each grid point 

0 Mass matrix [ 6  x 6 )  for each grid point ,  including the  nine 
mass moment of i n e r t i a  terms 

0 Center of gravity of the  s t rcc tura l  modcl 

The 24-word t i t l e  information 
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MODIFIED BODY LOPDS FILE 

GENERAL 

This f i l e  has t h e  same format as t h e  Body Loads F i l e .  The d i f -  
ference i s  t h a t  t h i s  f i l e  w i l l  con ta in  updated e l a s t i c  body loads 
fo rce  and moment components. 

Type of i n t e r f a c e :  111, IV 

In t e r f ace  medium: Random access mass s to rage  

Output method: NTRAN 

Created by: Body Loads Analysis 

Modified by: None 

Used by : Body Loads Analysis 

PURPOSE OF INTERFACE 

This f i l e  will be used t o  produce se l ec t ed  t abu la t ions  and 
graphica l  d i sp l ays  of t h e  body loads da t a .  

i 

CONFIGURATION CONSTRAINTS 

The cons t r a in t s  f o r  t h i s  f i l e  w i l l  be t h e  same as  fo r  t h e  Body 
Loads F i l e  (see page A-39) .  

FO HMAT 

'I'hc forniat fo r  t h i s  f i l e  will be t h e  same as for t h e  Body Loads 
ViIc ( S C C  page A - 4 0 ) .  

II 
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MOVIli I N P U T  FILE 
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NAPSAP OUTPUT DATA F I L E  
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NASTRAN INPUT LOADS FILE 

GENERAL 

Th i s  temporary d a t a  f i l e  w i l l  b e  used  t o  s t o r e  l a r g e  numbers of 
d i f f e r e n t  t y p e s  of NASTRAN c a r d  images. 

Type of i n t e r f a c e :  I ,  111, I V  

I n t e r f a c e  mcdium: Tape or t a p e - s i m u l a t e d  mass s t o r a g e  

Out put  method : NTRAN 

Crea ted  by: Force I n p u t s  t o  I n t e r n a l  Loads A n a l y s i s ,  
Body Loads Ana lys i s  

Modified by:  Force I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  

Used by : Force  I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  

PURPOSE OF INTERFACE 

The NASTRAN Input  Loads F i l e  w i l l  be used as a s t o r a g e  a r e a  f o r  
a l a r g e  number of NASTRAN c a r d  images which can be  used t o  
c r e a t e  i n p u t  t o  N.ISTRAN. The b lock ing  of t h e  f i l e  w i l l  a l l ow 
f o r  t h e  r a p i d  r e t r i e v a l  o f  d a t a  and compressed s t o r a g e .  

CONFIGURATION CONSTRAINTS 

Each d a t a  r e c o r d  w i l l  c o n t a i n  280 words. The f i r s t  unused worL 
o f  t h e  l a s t  d a t a  r eco rd  w i l l  c o n t a i n  "999999" i n  F i e l d a t a .  
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. 

F i r s t  
record 

[ 2 8 0  words) 

NASTRAN INPUT LOALS FILE - Continued 

FORMAT 

Last 
record 

HEADER 

Z Y E  

28 
words 

14 
words 

words 

'999999" 

De sc r i p t  ion  

Header record 

Image of f i r s t  NASTRAN card 

Image of 20th  NASTRAN card 

End-of - f i l e  i n d i c a t o r  

RECORD 

144  charac ters  of f i l e  i d e n t i f i c a t i o n  
i n f orma t ion I A words 

Number of  NASTRAN card images I wo:d I I 

Spare 

'1- 1 2 1  

I 



NAS'I'RAN INPUT LOADS F I L E  - Concluded 

- FORMAT - Concluded 

DETAILED FORMAT OF A NASTRAN CARD IMAGE 

F i e l d a t a  c h a r a c t e r s  for t h e  14 words on a NAS'IRAN card are con-  
t a i n e d  i n  t h e  f i l e  words, as  shown below.  

Word Card column 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

13 

12-122 

1 - 6  

7 -12  

13-18  

19-24  

25-30  

31-36  

37-42 

43-48  

49 -54  

55-60 

61 -66  

67 -72  

73-78  

79-80 



NASTRAN OII'I'I'UT - 2 1: I LE 

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 t o  store the input bulk data der'ining 
the problem and the results of the structural analysis. 

CONFIGURATION CONSTRAINTS 

T h 5  constraint existing at this time i s  that all analysis data 
~ h a t . l J  be filed by load case number. 

c'; 2MQI 

l'hc Jhta  on this file should include: 

0 Title and subtitle 

- --.. 

0 G r i d  definition and coordinates 

0 E,cment definitions and properties 

0 Appl ied  loads, pressures, and temperatures filed by subcase 
number 
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NASTRAN OUTPUT-2 FILJ - Concluded 

FORMAT - Concluded 

Supplementary data that may be included on the file are: 

0 Grid point displacements 

0 Element forces 

0 Element stresses 

0 Total applied loads 

0 Constraint forces 

0 Dynamic characteristics (modes and frequencies) 

0 Grid point velocities and accelerations 

Mass Data 
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NASTRAN SOR'TED DATA F I L E  

GENERAL 

Th i s  d a t a  f i l e  w i l l  
d a t a  o u t p u t  c r e a t e d  

Type of i n t e r f a c e :  

I n t e r f a c e  medium : 

Output method: 

Crea ted  by: 

Modified by: 

Used by: 

PURPOSE OF INTERFACE 

be  used t o  s tore  s e v e r a l  d i f f e r e n t  t y p e s  of 
i n  t h e  NASTRAN Pos tp rocess ing  f u n c t i o n .  

111, IV 

TBD 

TBD 

NASTRAN Pos tp rocess ing  

TBD 

NASTRAN Pos tp rocess ing ,  F a t i g u e  Assessment 

The NASTRAN Sor t ed  Data F i l e  w i l l  s t o r e  v a r i o u s  t y p e s  of d a t a ,  
depending on t h e  p rocess ing  o p t i o n  chosen i n  t h e  NASTRAN P o s t -  
p rocess ing .  The  f i l e  may c o n t a i n  r e s u l t s  f o r  t e r m i n a l  d i s p l a y s ,  
and i v p u t  f o r  demand o r  a p p l i c a t i o n  programs. 

CONFIGURATION CONSTRAINTS 

None e x i s t  a t  t h i s  time. 

FORMAT 

T h e  format  i s  no t  f i x e d  f o r  t h i s  f i l e  and w i l l  be  dependent on 
i t s  a p p l i c a t i o n .  
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PANEL P1,UTTLR INPUT F I L E  

GENERAL 

T h i s  f i l e  w i l l  c o n t a i n  a l l  i n fo rma t ion  needed as i n p u t  t o  t h e  
Panel  F l u t t e r  Program. 

Type of i n t e r f a c e :  I1 

I n t e r f a c e  medium: S e q u e n t i a l  mass s t o r a g e  

Output method: NTRAN 

Crea ted  by: Pane 1 F l u t t e r  f unc t i on  

Modified by:  None 

Used by: Panel  F l u t t e r  Program (ba tch )  

PURPOSE OF INTERFACE 

Th i s  f i l e  v ? l l  be u s e 3  as a s t o r a g e  a r e a  for a l l  i n p u t  d a t a  
needed by t h e  Panel F l u t t e r  Program. The user can i n p u t  t h e  
d a t a  a t  t h e  terminal and v e r i f y  t h a t  a l l  i n p u t  i s  c o r r e c t .  

CONSTRAINTS 

0 The maximum number of g r i d  p o i n t s  w i l l  b e  100. 

0 The maximum number of elements w i l l  be 100 .  

FORMAT 

The Cormat of  t h i s  f i l c  w i l l  be detcrrnined d u r i n g  t h e  f u n c t i o n a l  
d e s i g n .  The fo l lowing  in fo rma t ion  w i l l  be  c o n t a i n e d  on t h i s  
f i l e .  

0 A 24-word t i t l e  b lock  

0 P l a t e  t h i c k n e s s  

0 P o i s s o n ' s  r a t i o  

0 Young's modulus 

Mass d e n s i t y  o f  p l a t e  
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PANEL FLUTTER INPUT F I L E  - Concluded 

FORMAT - Concluded 

0 Dynamic pressure 

0 Mach number 

0 Free-stream -7elocity 

0 Panel Flutter Progrzm control options 

0 120-character t i t l e  

0 Grid point ID numbers 

0 Grid point coordinates 

0 Grid point external I D  numbers 

6 Defini t ion  c €  elements 

0 Nodal constraints  



PANEL FLUTTER OUTPUT F I L E  

G l ~ N l ~ l ~ ~ l l ~  

This  f i l e  w i l l  c o n t a i n  a l l  d a t a  o u t p u t  from t h e  Panel F l u t t e r  
Program. 

Type of i n t e r f a c e :  I 

I n t e r f a c e  medium: S e q u e n t i a l  mass s t o r a g e  

Output method: NTRAN 

Crea ted  by: . 'anel F l u t t e r  Program (ba tch)  

Modified by: None 

1Js ed by : Panel  F l u '  t e r  f u n c t i o n  

PURPOSE OF INTERFACE 

This  f i l e  w i l l  be  used a s  s t o r a g e  f o r  d a t a  ou tpu t  by t h e  b a t c 5  
Panel F l u t t e r  Program. The demand Panel F l u t t e r  f u n c t i o n  w i l l  
t a b u l a t e  a l l  d a t a  con ta ined  on t h i s  f i l e .  

CONFlGURATION CONSTRAINTS 

0 The d a t a  w i l l  be ou tpu t  fo l lowing  t h e  header  b lock  i n  
- 

504-word (18 s e c t o r )  b locks .  

0 The maximum number o f  g r i d  p o i n t s  w i l l  be 100. 

0 The maximum number of e lements  w i l l  b c  100. 

FORMAT 

The exac t  format  of  t h i s  f i l e  (header  b l o c k s ,  e t c . )  has  n o t  been 
determined a t  t h i s  t ime;  however, i t  w i l l  c o n t a i n  m u l t i p l e  f i l e s  
and e a c h  f i l e  w i l l  have t h e  fo l lowing  format .  
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I 

r 

2 4  
words 

1 
word 

1 
word 

1 
kord 

1 
word 

1 
word 

3 
uorjs 

1 
word 

3 
worjs 

4 
words 

r 

4 
words 

c - 

PANEL FLUTTER OUTPUT FILE - Continued 

FORMAT - Continued 

*QE 

A 

. Description 

133 characters of file identification informat ion 

1 Nuaher ,>f grid points 

I Smallest gria point ID 

I Largest grid point ID 

I Number of elements 

1 First grid point ID 

X ,  Y .  and i! coordinates of first grid point R 

Last grid point number 

X ,  Y .  and Z coordinates of  last grid point 

Clement nodes of first element 

~lement nodes of l a s t  element 

I 
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PANEL 

FORMAT - Concluded 

FLUTTER OUTPUT F I L E  - Concluded 

R Second natura 

p s c r i p t i o n  

frequency of input panel 

frequency of input pane 

R Calculated f l u t t e r  frequency 

R Calculated dynamic pressure  a t  f l u t t e r  

L 

frequency 

A End data  f l a g  * "999999" [six alphanuaeric  9 ' 9 ;  
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RESPONSE OUTPUT FILE 

GENERAL 

Th i s  f i l e  w i l l  b e  produced as o u t p u t  by t h e  Gust Response and 
Turbulence Response Programs. 

Type of  i n t e r f a c e :  I V  

I n t e r f a c e  medium: TBD 

Output method: T BD 

Created  by: Aircraft  Gust and Boost Turbulence Loads 

Modi f icJ by: None 

Used b y :  A i r c r a f t  Gust and Boost Turbulence Loads 

PURPOSE OF INTERFACE 

T h i s  o u t p u t  f i l e  o f  t h e  Gust Response and Turbulence  Response 
Programs w i l l  c o n t a i n  t h e  a i r c r a f t  r e sponse  t o  t h e  power s p e c t r a  
f o r  the v a r i o u s  load  c o n d i t i o n s .  The u s e r  w i l l  be a b l e  t o  view 
g r a p h i c  p l o t s  and t a b u l a t i o n s  of t h e  d a t a .  Data from t h i s  f i , e  
will a l s o  be used i n  t h e  fo rma t ion  of  a Boost and A i r c r a f t  F l i g n t  
Conditions F i l e .  

CONI: I G U R A T T O N  CONSTRAINTS 

T R 1) 

I :o I<  >I .I 1' 

The f i l e  format  w i l l  be de te rmined  a s  p a r t  of t h e  f u n c t i o n a l  
d e s '  I phase.  

. _.-.-I- - 
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RUNNING WEIGHT FILE 

GENERAL 

Th i s  f i l e  w i l l  c o n t a i n  **running weight" data of t h e  model c a l -  
c u l a t e d  from t h e  Basic Weight F i l e  and Model Weight F i l e .  

Type of i n t e r f a c e :  

I n t e r f a c e  medium: 

Output method : 

Crea ted  by: 

Modified by: 

Used by : 

I I I  

TBD 

TBD 

Model Weight F i l e  Gene ra to r  

None 

Load Cocf; ~ r l t  Data F i l e  

PURPOSE OF INTERFACE 

Th i s  f i l e  w i l l  b e  used t o  produce d i s t r i b u t e d  weight  d a t a  of 
t h e  model. 

CONFIGURATION CONSTRAINTS 

TBD 

FORNAT 

This  f i l e  should  i n c l u d e :  

-- 

0 Model g r i d  ?oiri t  numbers 

0 Coord ina te s  of cach g r i d  p o i n t  

0 D i s c r e t e  we igh t s  a t  c o o r d i n a t e s  

0 C a r t e s i a n  c o o r d i n a t e s  o f  t e r m i n a l  p o i n t s  f o r  running  weight  
d a t a  

0 Running weight  a c r o s s  each  p a i r  of t e r m i n a l  p o i n t s  
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RUNSTRFAM INPUT FILE 

GENERAL 

The Runstream Input 
to be used as input 

Type of interface: 

Interface medium: 

Output method: 

Created by : 

Modified by: 

Used by: 

File will contain images of 80-column cards 
for batch analysis programs. 

I1 

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 Aerospzce Structures by 
the Displacement Method Program (Air Force 
Program), Internal Loads and Dynamic 
Characteristics 

PURPOSE OF INTERFACE 

T h i s  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 
a n a l y s i s  programs - NASTRAN, ASOP, and Analysis of Aerospace 
Structures by the Displacement Method. The type of data to be 
i n c l u d e d  w i l l  b e  dependent upon the problem being analyzed a n d  
t h e  b a t c h  program to be uscd. 

CONFIGURATION CONSTRAINTS 

-ich card will be composed of  80 Fieldata characters and each 
card will comprise a logical record. 
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RUNSTREAM INPUT F I L E  - Concluded 

FORMAT 

The format of  t h i s  f i l e  w i l l  b e  i d e n t i c a l  t o  t h e  Model Loads 
File format ( s e e  page A-110) .  

I I 
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SADSAC TAPE 

GENERAL 

?'he SADSAC aerodynamic d a t a  se t  t a p e  w i l l  b e  a b i n a r y  t a p e  
c r e a t e d  on t h e  UNIVAC 1108 w i t h  FORTRAN write s t a t e m e n t s  a t  
medium d e n s i t y  (556 b p i ) .  The t a p e  w i l l  c o n t a i n  p r e s s u r e ,  
f crcc ,  and l o a d s  d a t a  ob ta ined  from wind t u n n e l  tes ts .  

Type  of  i n t e r f a c e :  I 

I n t e r f a c e  medium: Tape 

Output method: FORTRAN write 

Crea ted  by: SADSAC System 

Modified by: None 

Used by: SADSAC Reformat Program 

PURPOSE OF INTERFACE 

T h i s  t a p e  w i l l  be  t h e  sou rce  of  exper imenta l  wind t u n n e l  p r e s -  
sure d a t a  f o r  ISAS. A t  t h e  p r e s e n t  time on ly  t h e  p r e s s u r e  p a r t ,  
t o t a l  f o r c e ,  and moment of t h e  d a t a  w i l l  be  r e t r i e v e d  f o r  ISAS. 

CONFIGURATION CONSTRAINTS 

None known. 

i. 0 RblAT 

T h e  d a t a  on t h i s  t a p e  w i l l  be  d i v i d e d  i n t o  groups (aerodynamic 
d a t a  s e t s )  bh ich  w i l l  be i d e n t i f i e d  by a d a t a  s e t  type  and a 
d a t a  s e t  name. T h e  t h r e e  t y p e s  of aerodynamic d a t a  se t s  will 
1)c ~ O I - C C ,  l o c a l  l o a d s ,  and p r e s s u r e  d a t a  s e t s .  

1i.ich d a t a  se t  w i l l  begin  wi th  a FORTRAN l o g i c a l  r e c o r d  c o n t a i n i n g  
t h s -  d a t a  s e t  t ype  i d e n t i f i e r  w r i t t e n  25 times. These type  
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SADSAC TAPE - Continued 

FORMAT - Continued 

i d e n t i f i e r s  w i l l  be *FDSET ( f o r c e  d a t a  s e t s ) ,  *LDSET ( l o c a l  
l o a d s  d a t a  s e t s ) ,  and "PDSET ( p r e s s u r e  d a t a  s e t s ) .  The body 
of t h e  d a t a  se ts  w i l l  b e  subd iv ided  i n t o  two s e c t i o n s ,  a heade r  
r eco rd  and d a t a  r e c o r d s .  The heade r  r e c o r d  w i l l  c o n t a i n  t h e  
d a t a  s e t  d e s c r i p t o r ,  r e f e r e n c e  d a t a ,  and independent  v a r i a b l e  
d a t a .  'The d a t a  r e c o r d s  w i l l  c o n t a i n  t h e  dependent  v a r i a b l e  d a t a .  

The zerodynamic d a t a  se t  t a p e  w i l l  c o n t a i n  one o r  more d a t a  s e t s  
s t a c k e d  c o n s e c u t i v e l y  b u t  w i thou t  r e g a r d  t o  o r d e r  o f  d a t a  s e t  
t y p e  o r  name. The end of t h e  t a p e  w i l l  b e  i n d i c a t e d  by two 

i n d i c a t o r  record: and a F O R X A N  e n d - o f - f i l e  mark. The f i r s t  
i n d i c a t o r  r e c o r d  w i l l  c o n t a i n  t h e  word END w r i t t e n  25 times, 
which w i l l  i n d i c a t e  t h e  end o f  t h e  d a t a  se ts .  The second i n d i -  
c a t o r  r e c o r d  w i l l  c o n t a i n  t h e  word ENDFIL w r i t t e n  25 times, 
which w i l l  i n d i c a t e  t h a t  t h e  FORTRAN e n d - o f - f i l e  mark is  n e x t  
on t h e  t a p e .  

PRESSURE DATA SET CONTENT DESCRIPTION 

The body of  t h e  p r e s s u r e  d a t a  s e t  w i l l  be subd iv ided  i n t o  two 
s e c t i o n s ,  a header  r e c o r d  and t h e  dependent  v a r i a b l e  d a t a  r e c o r d s .  

P res su rc  Data S e t  lieader Record 

The header  r eco rd  w i l l  be  one FORTRAN l o g i c a l  r e c o r 2  w r i t t e n  i n  
b i n a r y .  T h i s  r e c o r d  w i l l  c o n t a i n  1020 + NMN + 2*(NPAR + NXDIM + 

NUIITAP) words. The v a r i a b l e s  i n  t h i s  e x p r e s s i o n  a r e  d e s c r i b e d  
i n  t h e  header  r eco rd  d e s c r i p t i o n  which f o l l o w s .  

V a r i a b l e  
Name Type Descr iDt ion  

>DSET A Conta ins  t h e  c h a r a c t e r s  "PDSET, which a r e  
t h e  p r e s s u r e  d a t a  s e t  i d e n t i f i e r  
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S A D S A C  T A P E  - Continued 

- 1:ORMAT - Continued 

V a r i a b l e  
Name Type D e s c r i p t i o n  

IDENT A S i x - c h a r a c t e r  l a b e l  used t o  r e f e r e n c e  t h e  
d a t a  set  

DDATE A Data se t  c r e a t i o n  d a t e ,  2 words 

CNFNAM A Data set c o n f i g u r a t i o n  name, 8 words 

TTYPE I Data set  type :  1 = raw d a t a ;  2 = nominal ized  
d a t a  

NMN I Number o f  v a l u e ;  f o r  t h e  fii-st independent  
v a r i a b l e  ( < 2 0 )  - 

NUMTAP I Number of  t a p s  ( p o s i t i m s )  a t  which t h e  
dependent  v a r i a b l e  i s  measured (~2500) - 

NiWD E P A Name of t h e  dependent  v a r i a b l e  

ANCYIN F The lower r ange  used i n  g r a d i e n t  computat ion 

ANCMAX F The  upper  r ange  used i n  g r a d i e n t  computat ion 

DLIMIT F The lower and upper  l i m i t s  o f  t h e  f i r s t  i n d e -  
pendent v a r i a b l e ,  t h e  second independent  v a r i -  
a b l e ,  t h e  t a p  p o s i t i o n  d a t a  ( X ,  Y ,  and Z dimen- 
s i o n s ) ,  and t h e  dependent  v a r i a b l e ,  respective119 

N P;? K I Number of  parameter  v a l u e s  i n  t h e  d a t a  se t  

( L W  

N A M !'A 11 A Names of  parameter  v a l u e s ,  NPAR words 

I'/\R\'AI, F Parameter  v a l u e s ,  NPAR words 

l i l i l :  F , A  Reference d a t a  v a l u e s  and u n i t s ,  14 words ;  
t h c s e  v a l u e s  r e p r e s e n t  REFS, R E F L ,  REf:H,  XMPK, 
YMRP, ZMRP, and SCALE 
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SADSAC TAPE - Continued 

FORRRRRRRRRRRRRRRRRT - Continued 

V a r i a b l e  
Name Type Descr iDt ion  

IDPVAR A Names of t h e  independent  v a r i a b l e s ,  2 words 

NAAX I The number o f  v a l u e s  of t h e  second independent  
v a r i a b l e  a s s o c i a t e d  w i t h  each  v a l u e  of  t h e  
f i r s t  independent  v a r i a b l e ,  20 words 

XMACH 

ALPHA 

I RUNNO 

NAMCON 

TSTCON 

NAMD I M 

NXDIM 

X D I M  

NSEC 

SECLIM 

F Values  o f  t h e  f i r s t  independent  v a r i a b l e ,  
400 words 

F Values  of t h e  second independent  v a r i a b l e .  
400 words 

I Run and r e r u n  numbers a s s o c i a t e d  w i t h  each 
v a l u e  of t h e  f i rs t  independent  v a r i a b l e ,  
40 words 

A Names of t h e  wind t u n n e l  t e s t  c o n d i t i o n s ,  
4 words 

F Values o f  t h e  wind t u n n e l  t e s t  c o n d i t i o n s ,  
80 words 

A Names of the dimension v a r i a b l e s  ( p o s i t i o n  
of  p r e s s u r e  t a p s ) ,  3 words 

I Number of  v a l u e s  f o r  t h e  f i r s t  dimension 
v a r i a b l e  ( X  p o s i t i o n  of p r e s s u r e  t a p s )  
( ~ 2 5 0 )  - 

1: Values o f  t h e  f i r s t  dimension v a r i a b l e  ( X  

p o s i t i o n  o f  p r e s s u r e  t a p s ) ,  N X D I M  words 

I Number of  c o n f i g t i r a t i o n  s e c t i o n s  ( < l o )  - 

F T h e  upper  and lower l i m i t  t h a t  d e f i n c s  each 
s e c t i o n ,  11 words 
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SADSAC 'TAPE - Continued 

FORMAT - Continued 

Var i a b l  e 
Name 

NAMSEC 

I X  

Y D l M  

ZI) 1 M 

Type 
A 

I 

F 

F 

D e s c r i p t i o n  

Names of  each  s e c t i o n ,  3 words p e r  s e c t i o n ,  
30 words 

Array of i n d i c e s  t h a t  a s s o c i a t e s  YDIM and 
ZDIM w i t h  XDIM; i . e . ,  I X ( N )  - IX(N-1) is  
t h e  number of Y D I M  and ZDIM v a l u e s  a s s o c i a t e d  
w i t h  t h e  v a l u e  X D I M ( N )  

Values of  t h e  second dimension v a r i a b l e  
(Y-pos i t i on  of p r e s s u r e  t a p s ) ,  NUMTAP words 

Values  of t h e  t h i r d  dimension v a r i a b l e  
( 2 - p o s i t i o n  of  p r e s s u r e  t a p s ) ,  NUMTXP words 

P r e s s u r e  Data S e t  Dependent V a r i a b l e  Data Records 
NMN 

1= 1 
T h e  dependent  v a r i a b l e  d a t a  r e c o r d s  w i l l  be  N A A X ( 1 )  FORTRAN 

l o g i c a l  r e c o r d s  w r i t t e n  i n  b i n a r y .  Each r e c o r d  w i l l  c o n t a i n  
NUMTAP words. 

V a r i a b l e  
Name - T y p e  D e s c r i p t i o n  

(: I '  F Discrete dependent  v a r i a b l e  d a t a ,  NUMTAP words 

I~OltC1i DATA SET CONTENT DESCRIPTION 

'The b o d y  o f  t h e  f o r c e  d a t a  s e t  w i l l  be subd iv ided  i n t o  a h e a d e r  
record  and t h e  dependent v a r i a b l e  d a t a  r e c o r d s  s e c t i o n .  

-. Force Data  S e t  Header Record 

'l'hr he;iJc.r rccord  will be one FORTRAN l o g i c a l  r e c o r d  w r i t t e n  i n  
b i n a r y .  I t  w i l l  c o n t a i n  64 + 4 * N D V  + 2 * N P A 2  + NMN*(2*MAXNAA + 2 4 )  
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SADSAC TAPE - Continued 

FORMAT - Continued 

words. T h e  v a r i a b l e s  i n  t h i s  e x p r e s s i o n  a r e  d e s c r i b e d  i n  t h e  
f o l l  owing 

V a r i a b l e  
Name 

FDSET 

IDENT 

DDATE 

CNFNAM 

ITYPE 

MODE 

NMN 

MAXNAA 

NAAX 

XMACH 

ALPHA 

header  

Type, 

A 

A 

A 

A 

I 

I 

I 

I 

I 

F 

F 

record  d e s c r i p t i o n .  

D e s c r i p t i o n  

Conta ins  t h e  c h a r a c t e r s  *FDSET, w h i c h  are 
t h e  f o r c e  d a t a  s e t  i d c n t f i e r  

S i x - c h a r a c t e r  l a b e l  used t o  re ference .  t h e  
d a t a  set  

Data se t  c r e a t i o n  d a t e ,  2 wDrds 

Data s e t  c o n f i g u r a t i o n  name, 3 wards 

Data se t  type :  1 = raw d a t a ;  2 = nominal ized 
d a t a  

Data se t  mode: 1 = p i t c h  a n g l e  v a r i e s ;  
2 = yaw a n g l e  v a r i e s  

Number of v a l u e s  f o r  t h e  f i r s t  independent  
v a r i a b l e  ( ~ 2 0 )  - 

Maximum number o f  v a l u e s  f o r  t h e  second 
independent  v a r i a b l e  f o r  t h e  d a t a  s e t  
( l a r g e s t  v a l u e s  i n  t h e  NAAZ a r r a y )  (<SO) - 

Number of  v a l u e s  of  t h e  second independent  
v a r i a b l e  a s s o c i a t e d  w i t h  each  value o f  t h e  
f i r s t  independent  v a r i a b l e ,  NMN words 

Values o f  t h e  f i r s t  independent  v a r i a b l e ,  
NMN*MAXNAA words 

Values of  t h e  second independent  v a r i a b l e ,  
NMN*MAXNAA words 
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SADSAC TAPE - Continued 

FORblAT - Continued 

V a r i a b l e  
Name 

I RUNNO 

R N  L 

NDM 

NAMDM 

r,M 

Type 
I 

F 

I 

A 

F 

D e s c r i p t i o n  

Run and r e r u n  numbers a s s o c i a t e d  w i t h  each 
v a l u e  of t h e  f i r s t  independent  v a r i a b l e ,  
2*NMN words 

Reynolds numbers, NMN words 

Number of  u n i v a r i a t e  dependent v a r i a b l e s  ( ~ 2 0 )  

Names of t h e  u n i v a r i a t e  dependent  v a r i a b l e s ,  
2 0  words 

U n i v a r i a t e  dependent v a r i a b l e  d a t a ,  2O*NMN 
words 

Force  Data S e t  Dependent V a r i a b l e  Data Records 

'I'hcrc w i l l  be one unformat ted  FORTRAN l o g i c a l  r eco rd  per 
dcpcndent v a r i a b l e .  Each r eco rd  w i l l  c o n t a i n  NMN*(MAXNAA + 1) 
words .  The-,e r eco rds  w i l l  h e  writtea i n  t h e  same o r d e r  a s  t h e  
dependent v a r i n b l c  names (NAMDEP) i n  t h e  header  r ecu rd .  T h e  
d e s c r i p t i o n  of  t h i s  r eco rd  fo l lows .  

V a r i a b 1 o 
Name Type De s c r i p t i on 

I \  F D i s c r e t e  dependent v a r i a b l e  d a t a ,  NMN*MAXNAA 
words 

( ; I )  1: Gradicnt  dependent v a r i a b l e  d a t a ,  NMN words 

'The body o f  t h e  l o c a l  l oads  d a t a  se t  w i l l  be subd iv ided  i n t o  two 
s e c t i o n s ,  a header  r eco rd  and t h e  dependent  v a r i a b l e  d a t a  r e c o r d s .  
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SADSAC TAPE - Continued 

FORMAT - Continued 

Loads Data S c t  Header Record 

The header  r eco rd  w i l l  be  one FORTRAN l o g i c a l  r e c o r d  w r i t t e n  i n  
b i n a r y .  Th i s  r e c o r d  w i l l  c o n t a i n  1031 + 4*NDV + 2*NPAR + NUMDIM 
words. The v a r i a b l e s  i n  t h i s  e x p r e s s i o n  are d e s c r i b e d  i n  t h e  
fo l lowing  header  r e c o r d  d e s c r i p t i o n .  

Var i a b  l e  
Name 

LDSET 

IDEN?' 

DDATli 

CNFAM 

ITYPE 

ANGMIN 

ANGblAX 

NMN 

NAMIIV(1 , 2 )  

XML T M 

A 

A 

A 

A 

I 

F 

F 

I 

T 

A 

I 

1: 

Des cr i p  t ion  

Conta ins  t h e  c h a r a c t e r s  *LDSET, which are  
t h e  ].oca1 d e t a  s e t  ; 'c'r 

S i x - c h a r a c t e r  l a b e  ? f e r a n c e  t h e  
d a t a  s e t  

- .  

Data s e t  c r e a t i o n  d ? t e ,  . . i d s  

Data set  c o n f i g u r a t i o n  name, 8 words 

3 a t a  set  t y p e :  1 = raw d a t a ;  2 = r : r i ; l a l ized  
d a t a  

The lower range  used i n  t h e  g r a d i e n t  
computat ions 

The  upper r ange  used i n  t h e  g r a d i e n t  
computat ions 

Number of v a l u e s  f o r  t h e  f i r s t  independent  
v a r i a b l e  ( ~ 2 0 )  - 
Number of  dependent  v a r i a b l e s  i n  t h e  d a t a  s e t  
(9 1 
Names of  t h e  dependent  va - r i ab le s  i n  the  d a t a  
s e t  

R e l a t i v e  s e c t o r  a d d r e s s e s  of  v a l u e s  f o r  t h e  
dependent  v a r i a b l e s  

T h e  lower ar,d upper  limits f o r  t h e  f i r s t  
independent  v a r i a b l e  
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SALSA( ’  TAPE - Continued 

FORMAT - Continued 

V a r i a b l e  
Name 

:lP!*IM 

DIMLIM 

DLlM1.1’ 

R1’: R 

NAMPAR 

P 12 RV t l  L 

RE 1: 

IDPVAR 

F I LREF 

NAAX 

SM:l c ti 

’ 1 , I ’ l I ~ ‘ i  

L i!UNNO 

92s 
F 

F 

F 

I 

A 

1: 

F ,A 

A 

A 

I 

F 

F 

? 

Des cr i p  t i o n  

The lower and upper  l i m i t s  f o r  t h e  
second independent  v a r i a b l e  

The lower m d  upper  l i m i t s  f o r  t h e  t h i r d  
independent  . . x i a b l e  

The lower and upper  l i m i t s  f o r  t h e  dependent  
v a r i a b l e  d a t a ,  2*XDV words 

Number of  parameter  v a l u e s  i n  t h e  d a t a  set 
( g N  
Names of  t h e  parameter  v a l u e s ,  NPAR words 

Parameter v a l u e s ,  NPAR v a l u e s  

Reference d a t a  v a l u e s  and u n i t s ,  14 wor. 

Nzmes of f i r s t  and second independent  
v a r i a b l e s ,  2 words 

Document r e f e r e n c e  d e s - r i ? t i o n ,  3 words 

Number of v a l u e s  o f  t h e  seccnd independent  
v a r i a b l e  a s s o c i a t e d  w i t h  each  v a l u e  of  t h e  
f i r s t  independent  v a r i a b l e ,  NMN v a l u e s  

Values of t h e  f i r s t  independent  v a r i a b l e ,  
400 words 

Values of t h e  second independent  v a r i a b l e ,  
400 words 

Run and r e run  numoers a s s o c i a t - d  w i t h  each 
b? lue  of the f i r s t  independent  v a r i a b l e ,  
4 ‘  o r d s  
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SADSAC TAPE - Continued 

FORMAT - Continued 

Var i ab le  
-- Name Type Des crlr, t. i o n  

NAMCON A Names of t h e  wind tunne l  t e s t  c o n d i t i o n s ,  
4 l o r d s  

TSTCOM F Values of t h e  wind t u n n e l  test c o n d i t i o n s ,  
80 words 

NAMDIM A Name of t h e  t h i r d  independent  ;dimension) 
v a r i a b l e ,  1 word 

NUMDIW I "Jmber of v a l u e s  of t h e  dimension v a r i a b l e  
(<250)  - 

DIM F Values of t h e  dimension v a r i a b l e ,  NUMDIM words 

NSEC I Number of c o n f i g u r a t i o n  s e c t i o n s  ( < l o )  - 
SCCLIM F The upper and lower l i m i t s  t h a t  d e f i n e  each 

s e c t i o n ,  11 words 

NAMS EC A Names of each s e c t i o n ,  3 words p e r  s e c t i o n ,  
30 words 

- Loa'.-- 3ata S e t  Dependent V a r i a b l e  Data Records 

The dependent v a r i a b l e  d a t a  r e c o r d s  w i l l  be NDV*NMEi FPSTRAN 
l o g i c a l  r eco rds  w r i t t e n  i n  b ina ry .  Each r eco rd  w i l l  ccntrin 
21*(1 + NUMDIM + NSEC) words. These r eco rds  w i l l  be written an 
t h e  same o r d c r  a s  t h e  dzpendent v a r i a b l e  names [NAMDV(I,l)) in 
t h e  header  r eco rd .  
va r i .ih 1 e .  

T h e i e  w i l l  be NMN r eco rds  f o r  each depondcnt 

Desc r ip t ion  

NDV I Nuillter of  dependent v a r i a b l e s  i n  t h e  data 
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SADSAC TAPE - Continued 

FORMAT - Continved 

Va r i ab 1 e 
Name T J p  -~ D e s c r i p t i o n  

NDPVAR . , I  Names and r e l a t i v e  s e c t o r  a d d r e s s e s  o f  t h e  
dependent  v a r i a b l e s ,  2&NDV words 

Sbll) I M F The  lower and upper l i m i t  f o r  t h e  f i r s t  
independent v a r i a b l e ,  2 words 

APL I M 1: The lower  and upper  l i m i t  f o r  t h e  second 
independent  v a r i a b l c ,  2 words 

DLIMIT F The lower and upper  limits f o r  t h e  dependent 
v a r i a b l e  d a t a ,  2*NDV words 

ANGM I N F The lower r ange  used  i n  t h e  g r a d i e n t  
computat ions 

ANGMAX F T h e  upper  range  used  i n  t h e  p r a d i z n t  
comput a t  i o n s  

NPAR I Number o f  parameter  v a l u e s  i n  t h e  d a t a  s e t  

(I1 0 1 
NAMI’AR A Names of t h i .  parameter  v a l u s ,  NPAR words 

PARVAi.  F Parameter  v a l u e s ,  NPAR words 

K E F  F,A Reference  d a t a  v a l u e s  and u n i t s ,  1 4  words; 
these v a l u e s - r e p r e s e n t  REFS, REFL,  REFB,  
XMRP, YMRP, ZMRP, and SCALE 

IDPVAK A Names o f  t h e  independent  v a r i a b l e ,  2 words 

I:I LREF A iloccment r e feyence  d e s c r i ? t i o n ,  3 words 

1) c D i s c r e t z  dependent  v a r i a b l e  d a t a ,  ZO*dUMDIM 
wGrds 

i; I) F Grad ien t  depeodcnt v a r i a b l e  d a t a ,  NUMDIM words 

.’ 
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SADSAC TAPE - Concluded 

FORMAT - Concluded 

Variable  
Name Type Descr ipt ion 

DS F S e c t i o n  dependent v a r i a b l e  d a t a ,  20*NSEC words 

CDS F Gradient s e c t i o n  dependent v a r i a b l e  d a t a ,  
NSEC words 

DV r: V e h i c l e  dependent v a r i a b l e  d a t a ,  20 words 

GDV F Gradient v e h i c l e  dependent v a r i a b l e  data  

A - 1 4 6  



SCRI 111. OUTPUT F I LE 

G l i N  L RA 1, 

T h i s  permanent d a t a  f i l e  w i l l  c o n t a i n  NASTRAN f o r c e  and moment 
ca rd  images. For each g r i d  p o i n t ,  t h e r e  w i l l  be  one of each 
card  t v p e .  Th i s  d a t a  w i l l  i n c l u d e  s c a l e d  f o r c e  components 
( F x ,  F, . ,  Fz)  and t h e  s c a l e d  movent components (Mx, M y ,  M t ) .  

- 

T y p c  of i n t e r f a c e :  I 

I n t e r f a c e  medium: Random a c c c s s  mass s t o r a g e  

0 1 1  t pu  t mc t hod : NTRAN 

(:rea t cd by : Scaled  Rigid Body Loads Program (SCRIRI,) 

Mod i f i e d by : None 

Used by : Force I n p u t s  t o  I n t e r n a l  Loads Ana lys i s  

PUKPOSE OF INTERFACE 

T h i s  f i l e  w i l l  be used as i n p u t  t o  produce images of NASTRAN 
c a r d s ,  which w - 1 1  c o n t a i n  s c a l e d  body l o a d s  t o  be inc luded  i n  
a KASTR.4N a n a l y s i s .  

CON F T (XI KAT I ON CONSTRAINTS 

‘ l h c  l eng th  of  t h e  S t r u c t u r e  ID Block and t h s  S u b s t r u c t u r e  I n  
Blocks  w i l l  h c  f i x c d  a t  84 words. Only t h e  number of s t r u c t u r e s  
R l i \ i  s u h s t r u c t u r c s  de f ined  i n  t h e s e  84 words w i l l  b e  a l lowed on 
t h i s  f i l e .  

___-- 



SCHIBL OUTPUT F I L E  - Continued 

1 
word 

1 
word 

1 
word 

1 
won! 

1 

-- 

word 

1 
word 

1 
word 

FORMA” 

Title 
H1 oc k 

Structure 
ll-, Rlock 

Suhs trill-turr 
I I )  R lock 
of f l  rsr  

5 t r 11 c 1 u r c 

T W ?  

A 

I ,  

I 

A ’  

I 

A 

I 

I 

A 

I 

I 

A 

I 

I 

Description 

144 characters o f  file identification information 

Sector address of first unused sector 

Spare 

Number of s 

ID of first 

ructures contained on fi?, 

strut tur;. 

Pointer (word inder witsin this record) to 
locat ion o f  substructures associated with f-rst 
s t ructure 

111 of last ztructure 

Pointer (word index within this record) to 
location cf substructures associated with last 
5 t ruc ture 

Kumbcr of subsrructures in the first structure 

i l l  of f i r s t  substructurc in the first structure 

Sector add re;^ of data for t h i s  first substructure 

Number of gr id  points in this substructure 

ID oi last suhstructxre in the first ttructure 

Sector address of data for this last sutstructure 

‘lumber of g r i d  points in this substracture 



SCRIBL OUTPUT FILE - Continued 

FORMAT - - Continued 

Subs t riic : u r c 
111 Hloch 
of last 
* ruc t urc 

r 

word 

1 
word 

1 
word 

1 
word 

First 
Data 
Block 

Last 
“at n 
olock 

? 4  
words 

4 
words 

1 
word 

I 
word 

1 
word 

2 F 5  

I 

A 

I 

I 

A 

I 

I 

A 

I 

I 

R 

Description 

Number of substructures in the last structure 

ID of first substructure in the last structure 

Sector address of data for this substructure 

Number of grid poiats in this substructure 

ID of last substructure in the last structure 

Sector address of data for this substructure 

Number of grid points in this substructure 

Unused words at the end of the Structure and 
Substructure ID Blocks. The total length of 
these blocks is fixed at 0 1  words. These 
unusec! words will be used as additional struc- 
tures and su1;tructures are added to the file 

Data block for first substructure in the first 
structure. See description of data blocL on 
following page 

Data hlock for last substructure ir. the last 
structure. See description of data block on 
following page 

144 characters of information describing this 
subst ruc:are 

Spare 

Lord set identification (SID) for first grid point 

Grid point identification number for first grid 
point 

Scale factor (S) for first grid point 
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SCRIBL OUTPUT F I L E  - Concluded 

FORMAT - Concluded 

1 
word 

I 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

I 
WOIJ 

1 
word 

1 
wold 

1 
word 

1 
word 

1 
*ord 

1 
word 

I Y E  

R 

R 

R 

R 

H 

R 

I 

I 

R 

K 

R 

n 

R 

Description 

X-force component (Fx) for first grid point 

Y-force component (F ) for first g r i d  point 
Y 

Z-force component (Fz) for first grid point 

X-moment component ( M x )  for f i r s t  g r i d  poipt 

Y-moment component (M ) for first grid point 
Y 

2-moment component (MZ) for first grid point 

Load set identification (SID) for last grid point 

Grid point identification number for last grid 
point 

Scale factor I S )  f o r  last g r i d  point 

Y-force component (Fk) for last g r i d  point 

Y-force component (F ) for last g r i d  point 
Y 

Z-force cocponent (FZ) for last grid point 

X-moment component (Mx) for  last grid point 

Y-moment component (M ) for last grid point Y 

2-moment component (MZ)  fG’i last grid point 



SECTION PROPEKTIES AND ALLOWABLES F I L E  

GENERAL 

T h i s  f i l e  w i l l  c o n t a i n  t h e  c o l l e c t e d  m a t e r i a l  p r o p e r t i e s ,  
geometr ic  p r o p e r t i e s ,  and computed a l lowab le  stress f o r  each 
s e c t i o n  of  a v e h i c l e .  

Type  o f  i n t e r f a c e :  

I n t e r f a c e  medium: 

Output method: 

C r e a t x i  by: 

Modified by: 

Used by: 

HJRFOSI, OF INTERFACE 

IV 

TBD 

TBD 

P r o p e r t i e s  and Allowables 

None 

P r o p e r t i e s  and Allowables 

This  f i l e  w i l l  be used by t h e  P r o p e r t i e s  and Allowables  f u n c t i o n  
a s  a c e n t r a l  s t o r a g e  a r e a  f o r  a l l  of t h e  i n p u t  d a t a  r e q u i r e d  t o  
c a l c u l a t e  a l l a w a b l e s .  

CONFIGURATION CONSTRAINTS 

n a t a  f o r  on ly  one s t r u c t u r e  can be p l aced  on t h e  f i l e .  T h e  
s t r u c t u r e  can have a maximum of  30 r e g i o n s  ( s u b s t r u c t u r e s ) .  

'I'hc ;ictua1 format of t h i s  f i l e  w i l l  no t  be developed u n t i l  t h e  
f u n t - t  iona l  des ign  s p e c i f i c a t i o n s  a r e  completed.  The inforrnat ic:] 
listed Iieluw w i l l  bc con ta ined  i n  t h e  f i l e  f o r  each s t a t i o n  of 
c~; ich  reg ion .  

0 Sec t ion  i d e n t i f i c a t i o n  number 

0 Scc t ion  t y p e  i d e n t i f i c a t i o n  

0 Y ,  Y ,  and 2 c o o r d i n a t e s  of  s t a t i o n  

A - 1 5 1  



SECTION PROPERTIES AND ALLOWABLES FILE - Concluded 

FORMAT - Concluded 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

0 

tieometry pa rame te r s  (b ,  t ,  R ,  Cp) 

M a t e r i a l  compress ive  modulus (E)  

M a t e r i a l  t e n s i l e  u l t i m a t e  s t r e s s  (FTU) 

P o i s s o n ' s  r a t i o  ( p )  

M a t e r i a l  compress ive  y i e l d  stress (FC) 

M a t e r i a l  s h e a r  s t r e s s  (FS) 

M a t e r i a l  s e c a n t  modulus ( E s )  

Material t a n g e n t  modulus (Et) 

Curve shape f a c t o r  (q) 

Curve s e c a n t  y i e l d  stress ( F o e 7 )  

Local buck l ing  a l l o w a b l e  stress (FCR) 

C r i p p l i n g  a l l o w a b l e  stress (FCC) 

Shear  buck l ing  a l l o w a b l e  s t ress  (FSCR) 

0 S e c t i o n  p r o p e r t i e s  

a .  For p a n e l s  - e q u i v a l e n t  t h i c k n e s s  (t), r a d i u s  of 
g v r a t i o n  ( p )  

b. For beams - c r o s s  s e c t i o n a l  a r e a ,  c e n t r o i d  l o c a t i o n ,  
rr,oment of i n e r t i a  about  each beam a x i s ,  r a d i i  of g y r a t i c l i  
aboLit each beam a x i s ,  t h e  p o l a r  moment of i n e r t i a ,  t h e  
t o r s i o n a l  c o n s t a n t  f o r  t h e  s e c t i o n ,  and t h e  s h e a r  a r e a s  
o f  t h c  s e c t i o n  

0 24-words o f  t i t l c  i n fo rma t ion  
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T B D  

SELECTED MODAL DATA FILE 
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SKIN FRICTION DATA FILE 

TBD 
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STANDARD ATbiOSPHERE F I LE 

TBD 

A - 1 5 5  



STATIC AI3WDYNMlIC IISF1,UENCE CCEFFICIENTS FILE 

G EN 1 i RA L 

This  f i l e  w i l l  be c r e a t e d  by t h e  L i f t i n g  S u r f a c e  F lu t t e r /Uns teady  
Aerodynamic Forces  f u n c t i o n  and w i l l  c o n t a i n  g r f d  p o i n t s ,  aero- 
dyaamic i n f l u e n c e  c o e f f i c i e n t s ,  and o t h e r  aerodynamic parameters .  

-- 

Type of i n t e r f a c e :  I I i  

I n t e r f a c e  medium: Rarllom access  mass s t o r a g e  

Output method : NTRAN 

Created by: Li. f t i n g  S u r f a c e  F lu t t e r /Uns teady  Aerodynamic 
Forces  

Mod i f 1 ed b y : None 

IJC -d by : S t a t i c .  A e r o e l a s t i c i t y  

PURPOSE OF‘ INTERFACE 

This  f i l e  w i l l  be  used a s  a s t o r a g e  a r e a  f o r  aerodynamic 
i n f l u e n c e  cocLf i s i c r i t s  d a t a  and w i l l  be used as i n p u t  t o  t h e  
S t  & t i c  A e r o c i a s t i c i t v  f u n i t  ion .  

-- 

FORMAT 

The format  of i i s  f i l e  * + . .  - ‘ I .  I 29: . I _  t h e  Aerodynamic 
Inf l i iencc CocfTicr,!ilc: . 

A - 1 5 6  



STATIC AEROELASTICITY FORCE COEFFICIENT DATA FILE 

GENERAL 

Th;. f i l e  w i l l  c o n t a i n  f o r c e  c o e f f i c i e n t  d a t a  for t h e  wing and 
v e r t i c a l  t a i l  and w i l l  be  a product  of t h e  Aerodynamic Loads 
func t ion .  

Type o f  i n t e r f a c e :  I ,  I11 

I n t e r f a c e  medium: Random access mass s t o r a g e  

Out  pu t  method : NTRAN 

Created by: Aerodynamic Loads 

Modi f i e d  by : None 

Used by : S t a t i c  A e r o e l a s t i c i t y  

! PURPOSE OF INTERFACE 
d 

Wing and v e r t i c a l  t a i l  f o r c e  c o e f f i c i e n t  d a t a  w i l l  be c a l c u l a t e d  
in t h e  Aerodynamic Loads f u n c t i o n  and s t o r e d  i n  t h i s  f i l e .  
d a t a  can be d i sp layed  a t  t h e  t e rmina l .  The f i l e  w i l l  subse -  
quen t ly  be used a s  i n p u t  t o  t h e  demand S t a t i c  A e r o e l a s t i c i t y  
Cor rec t ion  Program (STAC) . 

The 

CONFIGURATION CONSTRAINTS 

C o n s t r a i n t s  w i l l  correspond t o  those  of t h e  Force C o e f f i c i e n t  
Data F i l e  ( see  page A-62). However, d a t a  w i l l  be l i m i t e d  t o  t h e  
wing  and v e r t i c a l  t a i l  on ly .  

FORMAT 

The format f o r  t h i s  f i l e  w i l l  be  i d e n t i c a l  t o  t h a t  f o r  t h e  Force 
C o e f f i c i e n t  Data F i l e  ( s e e  page A - 6 6 ) .  

I '  p 7  A - 1 5 7  



STATIC AEROELASTICITY INPUT FILE 

GENERAL 

The i n p u t  d a t a  f o r  t h e  ba t ch  S t a t i c  A e r o e l a s t i c i t y  Program w i l l  
be ob ta ined  from t h r e e  s o u r c e s  - c a r d  or  terminal, S t r u c t u r a l  
I n f l u e n c e  C o e f f i c i e n t s  F i l e ,  and Aerodynamic I n f l u e n c e  Coeffi- 
c i e n t s  F i l e .  The demand S t a t i c  A e r o e l a s t i c i t y  f u n c t i o n  will 
provide  t h e  u s e r  w i t h  a method of c o l l e c t i n g  a l l  o f  t h e  r e q u i r e d  
d a t a  and w i l l  supply  t h e  d a t a  t o  t h e  S t a t i c  A e r o e l a s t i c i t y  h o -  
gram through t h e  S t a t i c  A e r o e l a s t i c i t y  Inpu t  F i l e .  

Type of i n t e r f a c e :  

I n t e r f a c e  medium : 

Output method: 

Crca t cd by : 

Modi f icd by : 

Used by : 

I1 

S e q u e n t i a l  mass s t o r a g e  

NTRAN 

S t a t i c  A e r o e l a s t i c i t y  f u n c t i o n  

S t a t i c  A e r o e l a s t i c i t y  f u n c t i o n  

S t a t i c  A e r o e l a s t i c i t y  Program (STAPO1) 

PURPOSE OF INTERFACE 

This  f i l e  w i l l  c o n t a i n  a l l  of t h e  i n p u t  r e q u i r e d  by t h e  S t a t i c  
A e r o e l a s t i c i t y  Program. The i n p u t  w i l l  c o n s i s t  of o u t p u t  
o p t i o n s ,  Zrjd p o i n t  i d e n t i f i c a t i o n s ,  g r i d  p o i n t  l o c a t i o n  data, 
p r e s s u r e  c o e f f i c i e n t s ,  aerodynamic i n f l u e n c e  c o e f f i c i e n t  matrices, 
s t r u c t u r a l  i n f l u e n c e  c o e f f i c i e n t  m a t r i c e s ,  and o t h e r  d a t a .  

CONFIGURATION CONSTRAINTS 

0 The maximum numbcr of acrodynamic panel  c o n t r o l  p o i n t s  will 
bc 1 0 0 .  

0 

0 The maximum number of words i n  c a s e  d e s c r i p t i o n  w i l l  be 144.  

The maxjnium number of columns of C p o i n t s  w i l l  be 16. P 
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STATIC AEROELASTJCITY INPUT FILE - Continued 

k.0 KMAT 

DESCRIPTION BLOCK 

ORIGINU PAGE IS 
OF POOR QU- 

- 
24 

words - 
1 

word - 
1 

word - 
1 

word 
7 

1 
word - 

10 
words 

- 

B E  

A 

I 

I 

I 

I 

I 

Descript ion 

Descr ipt ion block f o r  first case (see format 
on page A-158) 

Data block for first case  (see format on page A-159) 

Descr ipt ion block for last  case (see format on 
page A - 1 S 8 )  

Data block f o r  l a s t  case (see format on page A-159) 

Descr ipt ion 

File t i t l e  and information block 

I f  f i r s t  case ,  number of cases contained on f i l e  
(NCASAS); f o r  a l l  o t h e r  cases ,  spare  

Number of words i n  case  desc r ip t ion  (NT), 
maximum = 144 

Tota l  number of aerodynamic panel cont ro l  po in ts  
(NP),  maximum - 100 

Number of columns of  C po in t s  (NPNL), maximum - 16 

Batch program output  op t ions  (IOPT) 
fOPT(1) - 2 ,  w i l l  l i s t  input  and output da t a  - 0 ,  w i l l  not  l i s t  
IOPTIZ) - 1, w i l l  generate  4060 p l o t s  assoc ia ted  

w i t h  input  d a t a  - 2, w i l l  generate  4060 p l o t s  assoc ia ted  
w i t h  output  da t a  - 3, w i l l  ene ra t e  4060 p l o t s  assoc ia ted  
w i t h  botff input and output da t a  

P 

IOPT(5) - 1, wing s t r u c t u r e  

IOPT(4) = I ,  w i l l  compute divergent  dynamic pressure  
- 2 ,  v e r t i c a l  t a i l  s t r u c t u r e  
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STATIC AEROELASTICITY INPUT F I L E  - Continued 

t:OKMh'l' - Con t i nucd 

IIESCKI I T I O N  BLOCK - Concluded 
B E  Description 

I NPNC I I Number of C points per column (NC) 
words P 

Spare words 

DATA BLOCK 

words 

words 

word 

1 
word 

1 
word 

1 
word 

1 
word 

NP 
words 

NP 
words 

NP 
words 

T9!E 

I 

A 

R 

R 

R 

R 

R 

R 

R 

R 

Des ct ip t ion - 
Identification (ID) of aerodynamic panel control 
points 

General description of case (TITLE) 

Angle of attack (alpha) in degrees. 

Mach number (RMACH) 

2 Dynamic pressure (DP) in lb/in. 

Y-coordinate of wing root (YR) in inches 

Z-coordinate of vertical tail root (ZR) in inches 

X-coordinate of each C point [ X )  in inches P 

Y-coordinate of each C point (Y) in inches P 

Z-coordinate of each C point (21 in inches 
P 

' X  - Sb 1 4  - NI'NI. 
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STATIC AEROELASTICTTY INPUT FILE - Concluded 

FORMAT - Concluded 

DATA BLOCK - Concluded 

I Y E  Description 

R Aerodynamic panel areas (B) in inches squared 

R Rigid pressure coefficients (DCPR) words 

Aerodynamic influence coefficients matrix (A) 

Structure influence coefficients matrix (Sl in 

words in radians 

radians words 

l 

._ 
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S T A T I C  AEROELASTICITY OUTPUT FILE 

GENERAL 

This  f i l e  w i l l  c o n t a i n  t h e  program o u t p u t  of t h e  Static Aero- 
e l a s t i c i t y  Program (STAP). 

Type of i n t e r f a c e :  I 

I n t e r f a c e  medium: TBD 

Output method: TBD 

Created by: S t a t i c  A e r o e l a s t i c i t y  Program (STAP) 

Modified by: S t a t i c  A e r o e l a s t i c i t y  

Used by : S t a t i c  A e r o e l a s t i c i t y ;  Aerodynamic L o a d s  

PURPOSE OF INTERFACE 

With t h i s  f i l e ,  t h e  u s e r  can view, on t h e  remote termi..al, d a t a  
produced by STAP. 
and used as i n p u t  t o  t h e  Aerodynamic Loads f u n c t i o n .  

The f i l e  w i l l  t hen  be r e f o r m a t t e d  as necessa ry  

CONFIGURATION CONSTRAINTS 

A maximum of f i v e  cases (NCASES) w i l l  be t h e  on ly  c o n f i g u r a t i o n  
c o n s t r a i n t .  

FORMAT 

The f i l e  fornint w i l l  be  determined du r ing  t h e  f u n c t i o n a l  s p e c i f i -  
c a t i o n s  phasc. The f i l e  w i l l  c o n t a i n  t h e  fo l lowing :  

0 .lob t i t  I C /  I I) i n  formation 

0 Angle of a t t a c k  

0 Mach number 

Wing root  Y-coord ina te  
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STATIC AEROELASTICITY OUTPUT FILE - Concluded 

FORMAT - Concluded 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Vertical tail root Z-coordinate 

Divergent dynamic pressure 

Total rigid panel load 

Total aeroelastic panel load due to ilexibility 

Wing and tail moments 

Flexible-to-rigid load ratio 

Control point X ,  Y, and Z coordinates 

Aeroelastic panel areas 

Rigid pressure coefficients 

Structural slope 

Pressure Coefficients due to flexibility 

Flexible-to-rigid panel pressure ratio 

Rigid aeroelastic panel load 

4eroelastic panel load due t o  flexibility 

Flexible-to-rigid panel loading ratio 
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STIFFNESS, MASS, ANI) MODES F I L E  

TBD 
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STRESS DATA FILE 

TBD 

A - 1 6 5  



STRUCTURAL ALLOWABLlI 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: I11 

Interface medium: TBD 

Output method: TBD 

Created by: Properties an( Allowables 

Modified by: Properties and Allowables 

Used by : Internal Loads 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 o n l y  one structure can b e  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 contained in the file for each section 
of each region. 

0 Section identification number 

0 Scction t y p e  identification 

0 X ,  Y ,  and Z coordinates of station 
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STRUCTURAL ALLOWABLE DATA F I L E  - Concluded 

FORMAT - Concluded 
0 Allowable compressive stress (Fc) 

0 Allowable torsion stress ( F t o r ) *  

0 Allowable bending stress ( F b ) *  

0 Allowable shear stress (FS) 

0 Allowable stress due to pressure (F ) *  

0 

0 Allowable tension stress (Ft) 

P 
Allowable biaxial stress field (Fx, Fy)* 

*The software t? calculate values for these parameters has 
not been defincd and * r i l l  not be included in the initial Phase B 
dctailed requirements locument. 
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STRUCTURAL INFLUENCE COEFFICIENTS FILE 

TRD 
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TEMPERATURE DATA FILE 

GENERAL 

The Temperature Data F i l e ,  which w i l l  be  c r e a t e d  o u t s i d e  o f  ISAS, 
w i l l  c o n t a i n  a time h i s t o r y  of ..le thvrmal  l o a d i n g  of  a v e h i c l e .  

Type o f  i n t e r f a c e :  I 

I n t e r f a c e  medium: TBD 

Output method: TBD 

Crea ted  by: Thermal Technology Branch 

Modified by: No ISAS f u n c t i o n  

Used by: Model Temperature F i l e  Genera tor  

PURPiXE QF INTERFACE 

This  f i l e  w i l l  be  used t.o t r a n s m i t  a d e s c r i p t i o n  of t h e  thermal  
model and v a l u e s  nf t empera tu re  a t  each  the rma l  rnde t o  t h e  
S t r u c t u r e s  Branck ‘FS2) and ISAS. The d a t a ,  c o n t a i n e d  i n  t h i s  
f i l p ,  w i l l  be used  t o  c a l c u l a t e  t empera tu re  a t  each s t r u c t u r a l  
g r i d  p o i n t .  

-.- 

CONFIGURATION CONSTRAINTS 

T BD 

FORMAT 

The c c t u a l  format of  t h i s  f i l e  w i l l  n o t  be a v a i l a b l e  u n t i l  t h e  
ISAS f u n c t i o n a l  d e s i g n  s p e c i f i c a t i o n s  have See11 completed.  The 
fo l lowing  i s  a p a r t i a l  l i s t  o f  t h e  i n f a r m a t i o n  t o  b e  c o n t a i n e d  
i n  t h e  f i l e .  

0 Thermal node p o i n t  i d e n t i f i c a t i o n  

x ,  y ,  Z c o o r d i n a t e s  o f  thermal  node p o i n t s  
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TEMPERATURE DATA FILE - Concluded 

FORMAT - Concluded 

0 Time 

. 1. 

I @  

0 Temperature (OF) of each thermal node point 

The f i l e  can contain more than one time hame. 

I. 
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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: 

Interface medium: 

gutput method: 

Created by: 

Modified by: 

Used by: 

IV 

TBD 

TBD 

Model Weight File Generator 

None 

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 I3)UATIONS F I L E  

'I'RD 
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TURBULENCE SPECTRA FILE 

TBD 
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UNSTEADY AERODYNAMIC GENERALIZED FORCES FILE 

GENERAL 

This  f i l e  w i l l  b e  a product  of t h e  ha t ch  Adjus ted  Aerodynamics 
Program. 

Type of i n t e r f a c e :  IV 

I n t e r f a c e  medium: TBD 

Output method : TBD 

Created by: A i r c r a f t  Gust and Bocst Turbulence Loads 

Modified by : Nonc 

Used by : A i r c r a f t  Gust and Hoost Turbulence Loads 

PURPOSE OF INTERFACE 

This  f i l e  w i l l  c o n t a i n  g r i d  p o i n t s ,  reduced f r e q u e n c i e s ,  gener -  
a l i z e d  f o r c e s ,  aerodynamic i n f l u e n c e  c o e f f i c i e n t s  m a t r i x ,  and 
o t h e r  aerodynamic parameters .  I t  w i l l  be used t o  f u r n i s h  d a t a  
fo r  t h e  c r e a t i o n  of t h e  Gust Input  F i l e .  Data t a b u l a t i o n s  and 
g raph ics  w i l l  h c  a v a i l a b l e  a t  t h c  t e r m i n a l .  

CONI: I GUKAT ION CONSTRAINTS 

'I'RD 

---- 

FORMAT 

TRI) 
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UNSTEADY AERODYNAMIC INPUT FILE 

GENERAL 

This file will contain modal frequency data, interpolated modal 
displacement data, 
frequencies. 

Type of interface: 

Interface medium: 

Output method: 

Created by: 

Modified by: 

Used by: 

Mach number, air density, and set of reduced 

IV 

Random access mass storage 

NTRAN 

Lifting Surface Flutter/Unsteady Aerodyanmic 
Forces 

None 

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: 

0 Title information 

0 Number of grid points 

0 Grid point ID numbers and grid point coordinates 

0 Number of modes 
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UNSTEADY AERODYNAMIC INPUT FILE - Concluded 

FORMAT - Concluded 

0 Modal frequencies 

0 Interpolated modal disp1acemel.t data 

0 Mach number 

0 Air density 

0 S e t  of reduced frequencies 
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U N S T M Y  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: 

Interface medium: 

Output method: 

Created by: 

Modified by: 

Used by: 

PURPOSE OF INTERFACE 

IV 

Random access mass storage 

NTRAN 

Lifting Surface Flutter/[' steady Aerodynamic 
Forces 

None 

Lifting Surface Flutter/Unsteady Aerodynamic 
Forces 

This file will be a storage ares for all'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. 

0 Title information 

Number of grid points 
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UNSTEADY AERODYNAMIC OUTPUT FILE - Concluded 

FORMAT - Concluded 

0 Grid point ID numbers and coordinates 

0 Number of modes 

0 Altitude 

0 Mach number 

0 Reduced Frequency 

0 Downwash distribution matrix 

0 Unsteady aerodynamic influence coeffizients matrix 

0 ARea matrix 

0 Aerodynamic pressure distribution matrix 

0 Unsteady aerodynamic generalized forces matrix 
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UNSTEADY FLUTTER GENERALIZED 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: 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 FlutterlUnsteady 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 F I L E  

GENERAL 

This  f i l e  w i l l  be  c r e a t e d  by t h e  L i f t i n g  S u r f a c e  F l u t t e r / U n s t e a d y  
Aerodynamic Forces  f u n c t i o n  and w i l l  c o n t a i n  g r i d  p o i n t s ,  reduced 
f r e q u c n c i e s ,  uns teady  aerodynamic g e n e r a l i z e d  f o r c e s ,  and o t h e r  
aerodynamic parameters .  

Type of  i n t e r f a c e :  I11 

I n t e r f a c e  medium: Randoin access mass s to , r age  

Output method; NTRAN 

Crea ted  by: L i f t i n g  S u r f a c e  F l u t t e r / U n s t e a d y  Aerodynamic 
Forces  

Mod i f  i e d  by: None 

llsccl by : A i r c r a f t  Gust and Boost Turbulence  Loads 

PURPOSE OF INTERFACE 

T h i s  f i l e  w i l l  b e  used as a s t o r a g e  area f o r  uns teady  aerodynamic 
g e n e r a l i z e d  f o r c e s  d a t a .  This f i l e  w i l l  be  used as  i n p u t  t o  t h e  
A i r c r a f t  Gust and Boost Turbulence  Loads f u n c t i o n .  

- -  

CONFIGURATION CONSTRAINTS 

TR1) 

-- 

1:ORkA'l' 

'Ihc forinat of t h i s  f i l e  w i l l  be determined d u r i n g  t h e  f u n c t i c n a l  
t l c s ign  s t a g c .  

---- 
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USER MODAL F I L E  

GENERAL 

T h i s  da t a  f i l e  w i l l  conta in  modal information require,! by IC.4S 
and seve ra l  batch ana lys i s  programs. 

Type of i n t e r f a c e :  I 

In t e r f ace  medium: Tape 

Out put met hod : Unformatted FORTRAN.wr i t e  

Created by: NASTRAN-to-FRISBE Modal Tape Conversion 
Program (NASTOF) 

Modified by: TBD 

Used by: POGO Modal Response Program, L i f t i n g  Surface 
Flutter/Unsteady Aerodynamic Forces,  Random 
Vibrat ion Analysis ,  A i rc ra f t  Gust and Boost 
Turbulence Loads, Load Coef f i c i en t  Generator ,  
FRISBE, FLAP, BOLO, FREQ, TAPCAR, TAPMOD, 
BROWN, TRANS, MERGE, FTD, LOCO, SATOF, NRDBOK, 
MODCON, TAPCON, CONDIN 

PURPOSE OF INTERFACE 

T h i s  d a t a  f i l e  w i l l  provide a necessary d a t a  l i n k  between 
NASTRAN and o the r  programs and ISAS funct ions  which r equ i r e  
nodal information. 

CONF I GURAT I ON CONSTRAI N'I S 

0 The maximum numbcr of g r i d  po in t s  (NNODES) w i l l  be 300. 

0 'I'hc niaximum t o t a l  number of degrees of freedom (NDF) will 
b e  7 5 0 .  
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T i t l e  
Record 

Record 
type 2 

Record 
type 3 

1 
word 

EOF 

1 2  
words 

1 
word 

1 
word 

NDF 
words 

1 
word 

NNODES 
words 

VNNODES 
. v d s  

NDF 
words 

I 
word 

1 
word 

NDF 
words 

m 
I 

A 

I 

I 

I 

I 

I 

R 

R 

R 

R 

R 

Descript ion - 
Number of  d a t o  sets on t ape  + 1 (NFILES) 

72-characters  of  alphanumeric t i t l e  

Total  number of degrees o f  f r e .  lorn ( N D F )  

Number of modes (NMODE) 

A-ray of  degree-of-freedom i n d i c a t o r s  

Number of g r i d  po in t s  (NNODESI 

Ider. ' f i c a t i o n  numbers of g r i d  po in t s  

X ,  Y ,  and 2 c o u r ' i s a t e s  of each g r i d  point 

Diagonal mass matrix 

Gcnernl ized mass 

Modal frequency 

Modal d e f l e c t i o n s  a t  t h a t  frequency 

hecord type 3 f o r  modes i! through NMODES 



U S E R  MODAL FILE - Concluded 

-- FOIL'IAT - Concluded 

TQE Description 

Record 
t y p e  4 

Record 
type 5 

1 
word 

words 

1 
word 

4 
words 

NDF 
words 

NDF 
words 

EOF 

IiOF 

I Firct grid point identification number 

A 24-character descriptive name associated with 
first grid point 

. 

I Identification nuaber of NNODEth grid point 

24-character descriptive name associated with 
A NNODEth grid point 

R First row of mass matrix 

NDFth row of mass matrix 

Data for data sct 2 (record types 1 through 5)  

Data for data set NFfLES-1 (record types 1 
thr,mgh 5) 
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USER MODEL F I L E  

GENERAL 

Th i s  f i l e  w i l l  contain t h e  d e t a i l e d  geometry of t h e  model t o  Le 
analyzed.  The model can  be  of d i f f e r i n g  t y p e s  c o n s i s t e n t  w i t h  
t h e  type  of a n a l y s i s  t o  b e  performed. 

Type of i n t e r f a c e :  11, 111 

I n t e r f a c e  medium: Random access mass s t o r a g e  

Output method: NTRAN 

Crea ted  b y :  User Model F i l e  Genera tor  

Modified by: User Model F i le  Genera tor ,  Force Inpu t s  t o  
I n t e r n a l  Loads Ana lys i s  

Used by : Aerodynamic Data Base Genera tor ,  S t a t i c  Aero- 
e l a s t i c i t y ,  FOCAP, Aerodynamic Loads, Skin  
F r i c t i o n  Drag Program, Model Material F i l e  
Generator, Element P rope r ty  F i l e  Gene ra to r ,  
Load C o e f f i c i e n t  Genera tor ,  L i f t i n g  S u r f a c e  
F l u t t c r / U n s t t a d y  Aerodynamic Forces ,  Pancl 
F l u t t e r ,  Modcl Weight F i le  Genera to r ,  Random 
V i b r a t i o n  Ana lys i s ,  Aerodynamic C a l c u l a t  ions 
f o r  Wing and Body E l e m e n t s ,  I n t e r n a l  Loads 
and Dynamic C h a r a c t e r i s t i c s ,  Forcc Inpu t s  t o  
I n t e r n a l  I,oads Analys i s ,  POtiO Stability 

Various TSAS f u n c t i o n s  and s t r u c t u r a l  a n a l y s i s  ba t ch  progra:.;s 
r c q u i r c  informat ion  which d e s c r i b e s  t h e  model. This  f i l e  w i l l  
r c p r c s c n t  ;i common s o u r c e  f o r  geometry d a t a  f o r  a l l  of  t h e s e  
prosrains. 'i%c iisc of  a s i n g l e  sou rce  and unique  format  w i l l  
;illow thc saiiie d a t a  t o  bc usctl i n  m u l t i p l e  programs wi thout  any 

7 . k  t i* ; ins  forni;it ion and t h e  rcsul t ing chance of c r r o r .  
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USER MODEL FILE - Continued 

CONFIGURATION CONSTRAINTS 

The constraints for this f i l e  w i l l  be the same as for the Basic 
Geometry Data File .  
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USER MODEL LILE - Continued 

Last three c h a r a c t e r s  
of I D  of f i r s t  
s t r u c t u r e  

1-18 

FORMAT 

Code cor responding  t o  
I D  of f i r s t  s t r u c t u r e  

19-36 

DETAILED FORWT 

T i t l e  
Record 

L 
words 

4*NST 
words 

I 
hard 

- 
20 

dords - 
1 

dord - 
1 

rrord - 
1 

word 
- 

I 
*old - 

1 
Mord - 

1 
mard 

- 
- 

1 
word - 

1 
w..rd 

1 
ncirtl 

- 
1 

word 

- 
1 

word - 

Descr ip t ion  

162 c h a r a c t e r s  o f  t i t le  information 

P o i n t e r  ( s e c t o r  count )  t o  t a b l e  c o n t a i n i n g  NASTRAN 
resequencing informat  ion 

Number of s t r u c t u r e s  (NST) conta ined  on f i l e  

36 b i t s  i 
Second s i x  c h a r a c t e r s  of I n  of l a s t  s t r u c t u r e  

36 b i t s  

o f  II) o f  I d s t  111 o f  l a s t  s t r u c t u r e  

~- 

(word inde; wi th in  t h i s  r e c o r d )  t o  i o c a -  
d a t a  fo r  l a s t  s t r u c t u r e  

3 6  b i t s  

Numhc! o f  s t ihs t ruc tures  i n  t he  f i r s t  s t ruc r ’ i r e  
( NSSl ) 
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USER MODEL FILE - Continued 

Last t h r e e  c h a r a c t e r s  of 
ID of first s u b s t r u c t y r e  
of  f i r s t  s t r u c t u r e  

1-18 

FORMAT - Continued 
DETAILED FORMAT - Continued 

Code corresponding t o  
ID o f  f i r s t  subs t ruc tu re  
of  first s t r u c t u r e  

19-36 

- 
1 

word 

- 
1 

word 

- 
1 

word 

I Poin te r  (word index within t h i s  record)  t o  loca-  
l t i o n  of d a t a  f o r  f i r s t  subs t ruc tu re  of  f i r s t  
c structure 

1 
word 

- 

Last t h r e e  c h a r a c t e r s  
of ID of l a s t  sub- 
s t r u c t u r e  of f i r s t  
s t ruc t u r e  -- 

1 - l e  

1 
word 
- 

1 
word 

- 
1 

mord 

Code corresponding t o  
ID of  l a s t  subs t ruc tu re  
of  f i r s t  s t r u c t u r e  

19-36 

Description 

F i r s t  six ctm.rclers of ID of first s u b s t r u c t u r e  
l o f c t  u r e  

Second s i x  c h a r a c t e r s  of ID of first subs t ruc tu re  
of f i r s t  s t r u c t u r e  

~ 

I 36 b i t s  I 

I 36 b i t s  I 

F i r s t  s i x  c h a r a c t e r s  of  I D  o f  l a s t  subs t ruc tu re  
o f  f i r s t  s t r u c t u r e  

36 b i t s  

I Second s i x  cha rac t e r s  of I D  of l a s t  subs t ruc tu re  I o r  f i r s t  s t r u c t u r e  
I 36 b i t s  I 

Pointer  (word index within t h i s  record) t o  loca- 
t i o n  of da t a  f o r  last subs t ruc tu re  of f i r s t  
s t r u c t u r e  

36 b i t s  

. 
Nirmt c r  o f  subs t ruc tu res  i n  NSTth s t r u c t u r e  
( NSSN) 

A-188 



USER MOlIlil. FILl i  - Continucd 

7 

F i r s t  s i x  cha rac t e r s  of  ID of NSSNth suhs t r i ic ture  
of NSTth s t r u c t u r e  

3 6  b i t s  

- FOHMAT - Con t inuecl 

DliTAILlil l  FORMAT - Continucd 

7 - p  

Last t h r c c  c h a r a c t e r s  

s t r u c t u r e  of  NSTth 
s t r u c t u r e  

Of 11) Of NSSNtk sub-  

1-16 

- 
1 

word 

- 
- 

1 
word - 

1 
word 

- 
1 

word 

- 
1 

word 

_c_ 

1 
word 

_L_ 

I 
w o r d  

- 
1 

word 

- 
1 

word 

- 

Code corresponding to  11) 

NSTtk s t r u c t u r e  
of  NSSNth subs t ruc tu re  O f  

19-36 

Desc r i p  t ion 

Not used 

1 - 1 8  

1 F i r s t  s i x  cha rac t e r s  of  ID of f i r s t  subs t ruc tu re  1 of  NSTth s t r u c t u r e  

Number of g r i d  point.;/ 
t a p  pos i t i ons  (NCP) 

19-36 

I 

Second sin c h a r a c t e r s  of ID of NSSNtL s u b s t r u c  
t u r c  o f  YSftk s t r u c t u r e  1 

I 

Poin ter  (word index wi th in  t h i s  record)  t o  loca-  
t i on  of d a t a  f o r  NSSNth subs t ruc t a re  of l a s t  
NSTth s t r u c t u r e  

36 bits 

-__ 
g r i d  po in t / t ep  pn'it iol i  

i 'ahle for f i r s t  suhst i i ic  
x ,  Y ,  Z roord ina tc  

19-36 

N o t  U S V ~ I  

I - l b l  

Poin ter  ( s ec to r  count  t o  
aerodynamics information 
fo r  fuse lage ,  wing, o r  
v e r t i c a l  t a i l  

Not used 

I 1 -18  I 19- 3 6  

Not uscd 

I - L A  I 1.9- 36 
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USER MODEL FILE - Continued 

Not used 

1-le 

FOR-T - Continued 

DETAILED FORMAT - Concluded 
- 

~ 

Pointer (sector count) to 
Coordinate System Identi- 
fication Table 

19-36 

10 words 
repeated 
for each 

substructure 
con t a i ned 
on the f i l e  

(conc. ) 

Not used 

1-18 

- 
1 

srqrd 

- 
1 

word 
Pointer (soctot  count) to 
additional surf ace de f ini - 
tion data 

19- 36 

1 
word 

- 
1 

rord 

- 
1 

word 

Not used 

1-18 

1 
word - 

~ 

Pointer (sector count) to 
Cell Identification Tablo 

19-36 

Description 

Not used 

1-18 

Pointer (sector count) to 
grid point description data 

19-36 

Not used Not used 
1-18 I 19-36 I 

Sot used INot used 
1-le I 19-36 I 
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USER MODliL F I L E  - Continued 

1 
word 

~ 

1 
word 

1 
wort1 

I 
w o  rtl 

I 
word 

1 
word 

FORMAT - Continued 

AERODYNAMIC INFORMATION TABLE 

h words 

4'NSliT 
words 

OitIGINAL PAGE Ls 
, W P O O R Q U W  
4 3  

1 
word 

1 
word 

1 

wo. d 

Descr ipt ion 

L f o r  fuse lape  
Bw for wing 
Bv f o r  vertical  t a i l  

'REF f o r  fuse lage  
Cw f o r  wing 
Cv f o r  v e r t i c a l  t a i l  

YREF f o r  fuse lage  
XLIi f o r  wing 

X L E  f o r  v e r t i c a l  t a i l  

ZREF f o r  fuse lage  
XTE f o r  wing 
XTE f o r  ver t ical  t a i l  

Not used for  fuse lage  
ZI ,E  f o r  wing 
Not used f o r  v e r t i c a l  t a i l  

Not used f o r  fuse lage  
Z T I ,  fo r  wing 
Not uscd Cor v e r t i c a l  t a i l  

X / I .  f u r  lusc lage  a t  f i r s t  C pos i t ion  
Y / H w  lor  wing a t  f i r s t  (: 

Z / l l v  I'or vcrt ic i i l  t a i l  :it f i r s t  C pos i t ion  

P 
pos i t ion  

I' 
I' 

@ f o r  fi isclage a t  f i r s t  (: pos i t ion  
X/Cw f o r  wing a t  f i r s t  (: 
X / C v  f o r  v r r t i c a l  t a i l  a t  f i r s t  C 

P 
pos i t ion  

P 
I' 

p o s i t i o n  

0 in  radians f o r  fuselage a t  f i r s t  C pos i t ion  
(1 f o r  incidence angle  in degrees for  wing at  f i r s t  
I: pos i t  inn 
Not ii.;rd f o r  v e r t i c a l  t a i  1 

P 

I' 



USliR MODEL V I L E  - Continued 

FORNAT - Continual 

AERGDYNMlIC INFORMATION TABLE - Continued 

4*NSET words 
(conc.) 

3*NSC+1 wcrds 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
worcl 

Description 

R for radius of fuselage at first C position 
i2 for dihedral angle in degrees for wing at first 
C position 
Not used for vertical tail 

P 

P 

X/L for fuselage at last C position 
Y/Bw for wing at last C 
Z/Bv for vertical tail at last C 

P 
position 

P 
P 

position 

9 for fuselage at last C position 
X/C, for wing at last C 
X/C, for vertical tail at last C 

P 
position 

P 
P 

position 

0 in radians for fuselage at last C position 
a for incidence angle in degrees for wing at last 
C position 
Not used for vertical tail 

P 

P 

R for radius of fuselage at last C position 
I1 for dihedral angle in degrees for wing at last 
C position 
Not used for vertical tail 

P 

P 

Not u:ed for fuselage 
NSC for number of sections taken along wing 
NSC for number of sections taken along vertical tail 

Not used for fuselage 
C, for chord for first section along wing 
C, for chord for first section along vertical tail 

Not used for fuselage 
S, for span along wing to first section 
S, for span along vertical tail to first section 
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USER MOI)IiL F l L E  - Continued 

1 
word 

1 
word 

1 
word 

1- 

FORMAT - Continued 
AERODYNAMIC INFORMATION TABLE - Concluded 

3*NSC+l 
words 
(conr . I  

Description 

Not used for fuselage 
X for value to front edge of flap at first section 
along wing (= 0 if not applicable) 
X for value to front edge of rudder at first section 
along vertical tail (a 0 if not applicable) 

Not used for fuselage 
CQ for chord for last section along wing 
CQ for chord for last section along vertical tail 

Not used for fuselage 
SQ for span along wing to last section 
SQ for span along vertical tail to last section 

Not used for fuselage 
X for value to front edge of flap at last section 
along wing (=J 0 if not applicable) 
X for value to front edge of rudder at last section 
along vertical tail (= 0 if not applicable) 



USER MODEL FILE - Continued 

- FORMAT - Continued 

LOGICAL RECORD LAYOUT 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

FOR GRID POINT/Cp POSITION-COORDINATE DATA 

Description 

Grid oint c h  number of first 

ture (NQP) 

in substruc- 
P P 

. . . 
E-, number of last NSET ~ ~ , , ~ ~ ~ ~ ~ , ,  in sub- 

structure 
P 

X-coordinate of first F- in substructure 
P 

Y-coordinate of first E-. in substructure 
P 

rid oint 
P 

Z-coordinate of first in substructure 

. 

X-coordinate of last NSET p m  in substructure 
P 

Y-coordinate of last NSET Em- in substructure 
P 

Z-coordinate of last NSET 1- in substructure 
P 

Each iugical record of grid point C 
size of 560 words, which equal 140 Erid point-coordinate sets. 

posltion-coordinate data has a maximum word 
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USER MODEL FILE - Continued 

f r  

1 
word 

1 
word 

c 

1 
word 

\ 

Xt  
words 

FORMAT - Continued 
ELEMENT HEADER BLOCK 
Maximum l e n g t h  of t h i s  b lock  i s  28 words (1 s e c t o r ) .  

, 

NTELIh 1 
words 

Last NTELE element  type t  

1-18 

P o i n t e r  ( s e c t o r  c o u n t )  t o  
elements  of t h i s  t y p e  

19-36 

D e s c r i p t i o n  

s u b s t r u c t u r e  (NELT) i n  t h e  s u b s t r u c t u r e  (NTELE) 
(program documentation w i l l  
c o n t a i n  t y p e  codes)  

I P o i n t e r  ( s e c t o r  count )  t o  I elements  o f  t h i s  type  
i. F i r s t  clement type  I 

I 1-18 I 19-36 I 

Spare  

'For element type  code,  r e f e r  t o  t h e  fo l lowing  t a b l e .  
Nuaher o f  s p a r e  words ( X )  * 27  - NTE1.E 

lilemcnt I J c n t i C i r n r  ion 

S imp I e bcom e 1 cmeii t 

Rod clement 
T e n s  ion - compression. t o r s  iuii c lcmrnt 
(;con) 
l e n s  ion - compress i . t o r  Y I 011 c I cmcnt 
( TI1 RE) 
Q u a d r i l a t e r a l  memhranc clcmcnt 
1 sopa rame t r i c  quadr i l a  t era1 c I emen t 
Qiinil r i 1 a t  e r a  1 membrane e lemelit 
Q u a d r i l a t e r a l  elcmcnt connect ion 
l?iiadri 1 a t e r n l  membrane nnd hrnding 
e lcmcnt 

Homogcncous quadr i la t  c r a l  m r i n l i i  aiic 
and hcnd iilg clement 
Shrar  p n e 1  clement 
TriniigiiIur memhrhne aiitl hiviJ I I I ~  clrinrnt 
'I' I' I .iiigii I n r c 1 ement 
T I  I : ingu I :ir momh ruiir (* I c~irrii I 

' l 'riaiigiilnr hcndLiiK i * I t w - i i t  - 

NAS'I'NAN HII I h 
Ih11 I I 1  



IJSER MODEL FILE - Continued 

word 

1 
word 

FOXMAT ,- Continued 

CLEMENT 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 

Indicator Indicator Indicator 
number 1 number 2 number 3 

1 - 6  7 - 1 2  1 3 - 1 8  

Number 

words Of r 

NF l i l ,U 
words 

t 

1 9 -  2 4  2 5 - 3 0  3 1 - 3 6  

Indicator 
number 7 

1 - 6  

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

Indicator 
number 12 t 

7 - 1 2  1 3 - 1 8  1 9 - 2 4  2 5 - 3 0  3 1 - 3 6  

word l I  

Indicator 
number 
NF I ELD 

1 - 6  7 - 1 2  

Number of elements of first element type in substructure 

t 

1 3 - 1 8  1 9 - 2 4  2 5- 30 3 1 - 3 6  

Element ID number of first element of this type in substructure 

First required corinection specification t 

Data value corresponding to indicator number 1 above 

Data value correspcqding to indicator number 2 above 

Data value corresponding to indicator number 3 above 

. 
Data value corresponding to indicator r-umber NFIELD above 

'For rwplanstion of these words refer to descriptions of individual element types in 
the NrlSTR,t# Uesr ' a  G u i d e .  

*Numbrr of words equals i i i  1 2 NF 2 6, equals 2 if 7 5 NF 2 12, equals 3 if 
11 :- NF 2 1 8 ,  e t c .  

A - 1 9 6  



USER MODEL FILE - Continued 

Indicator Indicator 
number number - 

1-6 7-12 13-18 1 9 - 2 4  2 5 - 3 0  

FORMAT - Continued --- 

31 - 3 6  

ELEMENT IDENTIFICATION TABLE - Concluded 
Description 

1 
word 

1 
word 

1 
word 

1 
word 

A 

Element ID number of next element of the element type continued 
from previous logical record 

First required connection specification 

. 

Data value corresponding to indicator numbzr b’71 E1.C 

A - 1 9 7  



USER MODEL FILE - Continued 

Number of  g r i d  po in t s  
defined using t h i s ' c o o r -  
d ina t  system (NGPCl) 

1-18 

FOR?IAT - Continued 
COORDINATE SYSTEM IDENTIFICATIOh TABLE 

Coordinate system iden- 
t i f i c a t i o n  number 

19-36 

Description 

Number of g r id  o i n t s  
defined u s i n g  tRis coot-  
d i n a t e  system (NGPCN) 

1-18 

1 
word 

1 
word 

1 
word 

1 
word 

1 
uord 

1 
word 

1 
word 

1 
word 

1 
word I 

I 

Coordinate system iden- 
t i f i c a t i o n  number 

19-36 

Number of coordinate  systems def ined f o r  s u b s t r u c t u r e  
(NCID) 

Grid po in t  number 

Grid po in t  number 

Grid point  number 

Code f o r  typet of coordinate  system ( r e f e r  t o  coor- 
d i n a t e  s y s t e m  notes  i n  NASTRAR (leer's Guide f o r  
d e f i n i t i o n  of t y p e  of coordinate  system). 

Data f o r  coordinate  system d e f i n i t i o n r  

Data f o r  coordinate  system d e f i n i t i o n i  

' I  o r  t .oordinat i*  sys tem t y p e  code rcfet  t o  t h i s  t a b l e  format desc r ip t ion .  
iKr l r r  t o  coordinate s y s t e m  notes i n  t he  NASTRAN U8811'8 Guide f o r  t h e  number and 
mraning of t h e  data words required t o  de f ine  the  coordinate  system. 
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USER MODEL FILE - Continued 

FORMAT - Continued 

COORDIN4TE SYSTEM IDENTII~ICATION TABLE - Concluded 

M 
words 

Z-1 Grid po int  number 

Grid po int  number 1 
word I 

Grid point  nunher 1 
word I 

Codr f o r  type of coord inatc  s y s t c i n  ( r e l e i -  t o  
word coordinatc system n o t e s )  

I 
f 1 i)ata f o r  coord inate  s y s t e m  J c f i n i  t ion 

Data f o r  coord inate  system d e f i n i t i o n '  wo:d 1 
'I<cl-cr t c  coord inatc  system n o t e s  i n  N A S T H A Y  U s e r ' s  r;uidu for thc  ni1mht.r a n d  ~ i i v ~ i ~ i n ~  

OI' t h c  J a t a  words rcquired t o  d e f i n e  the courdinate  system. 



USER MODEL FILE - Continued 

FORMAT - Contilhwd 

ADDITIONAL SURFACE DEFINITION DATA 

Dascript  ion 

9"NCP 
Per 

substructure  

- 
3 

words 

3 
words - 

3 
words - 

3 
words - 

3 
words 

3 
words - 

- 
3 

words - 

Direction cosine of normal with respect  to  
X,  Y, and Z axes of first g r i d  point  i n  subs t ruc ture  

Tartent  of curve with respec t  t o  X. Y, and 2 axes 

Tangent of s t r i n g e r  with respect t o  X, Y. and 2 axes 
of first g r id  point  i n  subs t ruc ture  

Directiosr cosine of normal with respect  t o  X, Y ,  and 
2 axes of second g r id  point  i n  substructure  

Tangent of curve w i t h  respect t o  X. Y ,  and Z axes 
of second g r id  point  i n  substructure  

Tangent of s t r inge r  w i t h  respect  t o  X, Y ,  and Z axes 
of second g r i d  point i n  substructure  

Tangent of s t r i n g e r  w i t h  respect t o  X ,  Y ,  and 2 axes 
of last NGP g r i d  point  i n  substructure  

f 
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USER MODEL F I L E  - C o n t i n u e d  

~~ ~~ 

First element type 

1-18 

FORMAT - C o n t i n u e d  

CELL I D E N T I F l C A T l O N  TABLE FOR ELEMENTS 

~ ~~ ~ 

Pointer (sector count) to 
Cell Identification Table 
for first element type 

19-36 

M E L E  
words 

Second element type 

1- 18 

II' word 

I-- 

Pointer (sector count) to 
Cell Identification Table 
for second element type 

19-36 

Descript ien 

C C + ~  identification 1:uhic 
for las t  NTliLI:. 

- 
First cell Ill numbcr of Second cell ID number of 
first elcmrat of this type first element of this type 

I - l a  19-36 

Cell tdentification Table Format for Each Element Type Within a Substructurc 

5 
words wort1 

word 

I 

X-coartlin;rtc of c e n t c r  o f  first clcmrnt i n  s r i h s t r w t i i r c  



USER MODEL FILE - Continued 

First eel: ID nuber of 
second elereat of this 
tppe 

1-18 

1 
I 

Second cell ID nurber of 
secoad element of this 
type 

19-36 

FORMAT - Continued 
CELL IDENTIFICATION TABLE FOR ELEMENTS -Concluded 

Cell Identification Table F o m t  for E.ch Element rrpS Within a Substractwe - CoacluBaB 

, 5 
uords 

1 
word 

1 
word 

1 
ward 

\ 

5 
words 

f 

4 

L<  

. 

1 
word 

1 
wcrd 

1 
word 

1 
word 

1 
word 

Description 

Element ID number of secoaQ elarant of this type in 
substrwture 

X-coordinate of center of second element in substructure 

Y-coordinate of center of s e c a d  element i n  substructure 

Z-coordinate of center of second element in substructure 1 

. 
0 

Element ID number of last element of this type in 
substructure 

First cell ID number of Second cell ID number of 
last element of this type last element of this type 

t 1-18 I 19-36 

X-coordinate of centsr of last element in substructure 

Y-coordinate of center of last element in substructure 

Z-coordinate of center of last element in substructure 

. 
A - 2 0 2  



t 

USER MODEL FILE - Concluded 

FORWAT - Concluded 
NODAL DESCRIPTION DATA 

3WSET 
words 

[N 
words 

Gri point descriptioll for f i r s t  grid point 

Grid point description for  second grid m i n t  

Grid point descr ip t im for last grid point  I 
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VADIC OUTPUT FILE 

GENERAL 

This da t a  f i l e ,  generated by t h e  batch program VADIC, w i l l  be  
used t o  supply ambient pressure ,  dynamic pressure ,  and compart- 
ment pressure t o  ISAS. 

Type of i n t e r f ace :  I 

In t e r f ace  m e d i u m :  Random access mass s to rage  

Output method: mRlw 

Created by: Venting Analysis (VADIC) 

Mod i f  i ed by : None 

Used by: Force Inputs t o  I n t e r n a l  Loads Analysis ,  
Venting Analysis 

JURPOSE OF INTERFACE 

For se l ec t ed  f l i g h t  times, t h i s  da t a  f i l e  w i l l  conta in  pressure 
da ta  and w i l l  be used as a common source f o r  t h i s  type of data .  

CONF IGURAT ION CONSTRAINTS 

The f i l e  can contain d a t a  for  a maximum of 56 compartments. 
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VADIC OUTPUT FILE - Concluded 

FORMAT 

Header 
Block 

Time 
Block' 

24 
words 

1 
Word 

NCDUM 
words 

1 
word 

1 
word 

1 
word 

1 
word 

1 
word 

I 
wort1 

N('I)IIM 
words 

X Y E  

A 

I 

' 1  

R 

R 

R 

R 

R 

R 

R 

Descrint ion 

File title 

t Number of compartments (NCUUM) 

Compartment 111 numbcrs 

First time on file (seconds) 

Last time on f i l e  (seconds) 

Time increment (seconds) 

Time (seconds) 

Ambient pressure 

Dynamic prcssurc 

(:ompart mrnt  pressures 

is 56 compartmcnts 
"I'imc b locks  a l w a y s  start in word 1 o f  :I sector.  

A - 2 0 5  



WINDS ALOFT DATA F I L E  

TBD 
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