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FOREWORD

Development of the ATLAS integrated structural analysis
and design system was initiated by The Boeing Commercial Airplqne
Company in 1969. Continued development efforts have resulted in
the release and application of several extended versions of the
system to aerospace and civilian structures. Those capabilities
of the current ATLAS version developed under the NASA Langley
Contract No, NAS1-12911 include the following: geometry control,
thexrmal stress, fuel generation/management, payload management,
loadability curve generation, f£lutter soluticn, residual
flexibility, strength design of composites, thermal fully
stressed design, and interactive graphics. The moni*»nr of this
contract was G. L. Giles. The inertia loading capabiiity was
developed under the Army Contract No. DAAGU46-75-C-0072.

This document is one volume of a series of documents
describing the ATLAS System. The remaining documents present
details regarding the input data and program execution, data

management, system design, and the engineering method used by the
computational modules.

The key responsibilities for development of ATLAS have been
within the Integrated Analysis/Design Systems Group of the
Structures Research Unit of BCAC and the ATLAS System Group of
the Boeing Computer Services Company (BCS} Integrated Systems and
Systems Technology Unit. R. E. Miller, Jr. was the Program
Manager of ATLAS until 1976 after which K. H. Dickenson assumed
this position. The current ATLAS System is the result ot the
combined efforts of many Boeing engineering and programming

personnel. Those who contributed directlv to the current version
of ATLAS are as follows:

B. F. Backman H. B. Hansteen C. D. Mounier
G. N. Bates B. A. Barrison ¥. T. Nelson

L. C. Carpenter J. M. Held M. C. Redman
k. E. Clemmons M. Y. Hirayama R. A. Samuel

R. L. Dreisbach J. R. Hogley M. Tamekuni

W. J. Erickson H. £. Huf fman G. von lLimbach
S. H. Gadre D. W. Johnson S. O. wahlstrom
F. P. Gray A. S. Kawaguchi R. A. Woodward
D. W. Halstead K. K. Yaqi

'Rﬁctuﬁuﬁiyﬁkaﬁkﬂﬁxlugt FRLMED
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ABSTRACT

&3

This document is one of a series of documents describing the
ATLAS System for structural analysis and design. This volume
describes a set of problems that demonstrate the various analysis
and design capabilities of the ATLAS System proper as well as )
capabilities available by means of interfaces with other computer
programs.

Input data and results for each demonstration problem are
discussed. Results are compared to theoretical solutions or
experimental data where possible. Listings of all input data are
included.
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101. INTRODUCTION

This document describes the set of ATLAS System demonstration
problems. A list of the problem decks and a brief description of
each are presented in table 101-1.

The 200-series sections of this document discuss the problem
used to deaonstrate capabilities of the ATLAS System proper,
whereas the 300-series sections discuss several analytical
capabilities available to ATLAS users by means of interfaces with
other computer programs.

The discussion of each demonstration problem is comprised cf
the following parts:

+ Description of the analysis (model, loading, analysis
performed, etc.)

e Presentation and discussion of results
e Listing of Control Program and input data

The features demonstrated by each deck are summarized in
table 101-2. Reference 101-1 should be consulted for
descriptions of system capabilities and input data formats.

Other documentation of ATLAS usage in production enviromments
include that presented in references 10i-2 through 101-7. The
stress analysis of a large sports stadium (3400 nodes, 9600
elements, 20 000 freedoms, 70 million words of storage), and a
detailed three-dimensional stress analysis of a gas turbine
engine blade (3200 nodes, 350 solid elements, 9500 freedoms, 15
million words of storage) are described in references 101-2, 101-
3 and 101-4, respectively, in terms of problem definition,
solution approach, data management and cost. The automated
strength resizing of an arrow-wing supersonic cruise aircraft
(ref. 101-5) with approximately 20 000 design variables
demonstrated the practicality of using ATLAS in the earliest
stages of the interdisciplined aeroelastic desiygn process. Use
of those methods implemented in ATLAS during its continued
development to automate the strength/stiffness (flutter)
aeroelastic design process for metallic and composite structural
components are described in references 101-6 and 101-7.

101.1
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Table 101-1.

Document

L s b e o s

Description of Demonstration Decks

Description

Deck
INumber Section
1 204
of an SST
2 203
analyses of an SST
3 209
optimization
4 211
5 301
6 301
7 303
to ATLAS
8 206
9 302
10 20z
of a delta wing
11 201
12 213
13 207
14 212
15 205
16 208
17 210

Substructured stress and vibration analyses

Non-substructured stress and vibration

Fully stressed design and composite

Flutter analysis of an SST
ATLAS to FLEXSTAB interface
FLEXSTB to ATLAS interface

NASA-LaRC Configquration Program interface

Normal mode analyses of cantilever beams
ATLAS-NASTRAN interfaces

Stress, vibration and flutter analyses
Substructured stress and vibration
analyses of a transmission tower

Stress analysis of a rotating disk
Frame buckling and superposition

Flutter analysis of a T-tail aircraft
Vibration analysis of the FIREBEE Drone g
Fuel and payload management

Thermal fully stressed desiyn

101,2
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Table |0}-2.
CAPABILTY

PRINTED OUTPUT (Coat'd)
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X
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GRAPHICAL OUTPUT
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ATLAS/LARC CONFIGURATION
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201. SUBSTRUCTURED STRESS AND VIBRATION ANALYSES
OF A TRANSMISSION TOWER (DECK 11)

201.1 DESCRIPTION OF ANALYSES

The structure analyzed in this demonstration problem is a
power transmission tower as shown in figure 201-1.

The structural model consists of four substructures as shown
in fiqure 201-2. The interaction tree is shown schematically in
fiqure 201-3. The legs of the tower were modelled with BEAM
elements, the diagonals with ROD elements. Masses are obtained
from the stiffness finite elements. All translational freedoms
at the base are supported. Nodal loads are applied at the six
hanger points.

The vibration analysis for natural frequencies and mode
shapes is performed on the top level substructure using reduced
stiffness and mass matrices. All translational freedoms (except
TZ at the intersection of the bottom panel diagonals) are
retained. The reduced mass matrices for the lowest level
substructures are calculated directly by the Mass Processor.

To obtain an alternate solution, a NASTRAN (ref. 201-1) model
of the same structure was made and analyzed. ROD and BAR
elements were used for the structural model. All mass was
specified as concentrated masses. The NASTRAN model was not
subst ructured.

201.2 RESULTS

Nodal displacements, element stresses and reactions from the
ATIAS analysis agree exactly with the corresponding quantities
from the NASTRAN analysis.

Natural frequencies obtained from ATLAS are compared with the
corresponding NASTRAN values in taole 201-1.

v i v ) rinie Gavegr BT FLMED
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201.3 LISTING OF CONTROL PROGRAM AND DATA
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BEGIN CCATRCL PROGRAM DEMOI!
PROBLEM IC(CEMCIL -~ SUBSTRUCTURED STRESS/VIBRATICN ANALYSES)

PURPOSE

AUTHOR

CORE

THE PRINCIPAL CAPABILITIES DEMONSTRATEC B8Y

TH1S CECK ARE

1. SUBSTRUCTLRED STRESS ANALYSIS
2+ SUBSTRULCTURED VIBRATION ANALYSIS
2. EXPLODED GEOMETRY FLOTS

M. TAMEKUNI
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IS MOCELEC AS

THIS EXAMPLE REFRESENTS AN ATLAS RUN TO PERFCRM STRESS
AND VIBRATICN AMALYSES FCR A TRANSMISSION TORER wWHICH
FCUR SUBSTRUCTURES., SS=1 TO 4. 5525 IS
FORMELC BY INVERACTING SS5=]1 10 4.

THE EXECUTICN SEQUEMNCE IS

REAL INPLY ceveecoes

EXECLTE STIFFNESS, .
MASS

EXECUTE LCADS ceceee

PERFCRM SS—PERGEs <.
STIF.LOAD

PERFCRM SS—RECU, ees
STIF,LCAL

PERFCPAY 5S~MERGEy oo
STIF.LCAD,MASS

PERFCRM S5S~VECL eeee

EXECLTIT MASS cevevee
EXECLTE VIBRATION o.

PERFCRM §5-550L ecsa

THE INPUT DATA ARE
PREPROCESSEDy AND WRITTEN
CN THF DATA FILE. SS=1 T0 4 »
ARE DeFINED AS STIFFNESS/MASSe
SETS 1 TO 4. $5=5 IS DEFINED *
AS SET=5 FOR VIBRATION 4
ANALYSIS. *
|
CCMPUTE ELEMENTAL STIFFNESSESS
ANC THE NON-DIAGONAL MASS
MATRICES FOR THE RETAINEC
FKEEDOMS FOR SETS 1 TO 4.

S SG OB BBEES

PROCESS LCACS FOR
SUBSTRUCTURES 1 anND 3. NO
LOADS ARE APPLIEC TC
SUBSTRUCTURES 2 ANC 4.

[ 28 2 3 R B B BN AN

FORM GRCSS STIFFNESS ANC LOAD®
MATRICES FOR SS=1 TO 4. .

*
REDUCE GRCSS STIFFNESS AND .
LCADS MATRICES FOR SS=1 TOD 4.®

FORM GRCSS STIFFNESS,LOADS
AND MASS MATRICES FCR S$S=5,

COMPUTE RECULCED STIFFNESS AND
HASS MATRICES FOR $S$=5 YO
PERFORM SULBSEQUENT VIBRATION
ANALYSIS.

COMPUTE MASS PROPERTIES FCR
TOTAL STRLCTURE. (SET=5)

COMPUTE THE FIRST 5 FRECUEN-
CIES AND MODES.

COMPUTE DISPLACEMENTS FOR
S3s5,

EEEREEXEEXEENRXXE RN RN NN J



11) PERFCRM ceveacossces FROM THE CISPLACEMENT MATRI- @
SS=PARTITION CES FOR S§5=5, EXTRACY DISPLA~»®
CEMENTS AT RETAINEC FREEDCONS @

FOR SS=1 T0 4. b

]

L2} PERFCRM SS~B8ACK ecee PERFORM BACK SUBSTITUTICN TC *
. COMPUTE ALL DISPLACEMNENTS ANDe

REACTICNS FCR SS=1 TQC 4. .
13} EXECUTE STRESSy «aee CCMPUTE ELEMENTAL STRESSES
PRINT STRESSES, AND PRINT STRESSES,
OISPLACEMENTS CISPLACEMENTS AND REACTIONS
ANC REACTIONS FOR SUBSTRUCTURES 1 TO 4

14) PRINT INPUTy ceeesaee PRINT NOCAL AND STIFFNESS
NOCAL AND INPUT DATA FOK SETS 1 TO &
STIFFNESS

15) EXECLTIE GRAPHICS ... PLCT TOTAL STRUCTLRE ANC
COMPONENT SUBSTRUCTURES

16) PRINT INPUTs aceeeceee PRINT INTERACT DATA FQR
INTERACT ALL SUBSTRUCTURES.

17) PRINT QUTPUT, eeeeee PRINT FRECUENCIES ANC MOOE
VIBRATICAM SHAPES.

18) ERRCR PRCCEDURE .e.ee SAVE CATA FILES IF AN ERROR
IS ENCOUNTERED DURING
EXECUTICN.

L ISR S B AR B BRS BENC AR BN N B AR N B B A A B BN BE AN BN 2N BN O X J

*
L 4
»
 J
*
L
L
L
L
]
]
*®
L
*
*
L4
.
*
»
*
*
»
*
*
.

SREBISIIFVNRLIENSIVEISERERRPIRERRUNISSE BRSSO 0SS FIRBER
USER CCMMON (K)
——— 1) ~e—=-
REAC INPLY
o 2} —————
DO 10 K=l.%
EXECUTE SYIFFAESS (SET=X)
EXECUTE MASS (SET=K,CPTION=3,CONDITICN=}1)
10 CCNTINUE

- — 3) -

EXECUTE LOACS (SS={1,3))

T ERFORN SS-WERCE (STIF.LOAD.SSek TO &)

PERFORM SS-RECU (STIF,LOADSSS=1 TO &)
T PERFORN ST-nERCE (STIF+LOADsPASSsSS=5)
TR ERFORR S3-viCL  (SSes)

EXECUTE MASS (SET=5,CCADITION=])

——— G} em—ee

EXECUTE VIBRATION (STIFsKREDCOS,MASS=PREDOOS yNFREQSnS,SET=5)
———— 10) ———

FERFORM SS-SSCL (55=5)

——me= 1)) ——--

PERFORN SS=PARTITICN (S3=5)

cmeem 12) meme-

PERFORN SS-BACK (SSsl TO &)
cmmem 13) -——e-
CO 20 K=1,4
EXECUTE STRESSISS=K)
PRINT OUTPUT(STRESS,SS=K)
PRINT GUTPUT(CISP,SS=K)
PRINT CLTPUT(REACTICNS,ECCHK ,SSaK)
20 CONTINUE
C —=— 14) —=-em
CO 20 K=1,4
PRINT INPUT (NOCAL,SETeK)
PRINT INPULT (STIFFNESS.SETeK)

(2] (2] OOOOOOOOOAOOOOOOOODDNOOONDDDOHOOOD
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30 CONTINUE

cmvne 1§) e=—w=
EXECUTE EXTRACTUEXNAME=SS1yLSUB=KGRIDyKSET=1,ESUB=ELINSUB=N2)
EXECUTE EXTRACT(EXNAME=SS2,LSUB=KGRID«KSET=2,ESUB=EL NSUB=NL)
EXECUTE EXTRACT(EXNAME=SS3.LSUB=KGRIDIKSET=3,ESUB=ELINSUB=N])
EXECUTE EXTRACT({EXNAME=SS54+L SUBSKGRICKSETx4,ESUB=ELsNSUB=NL)
EXECUTE CRAPHICS(GNAME=GEQMN,CFFLINE=CALCCMP,EXPLCDE.TYPE=QRTH,

X STZE={15415) yEXNAME={S51 +552+553+554))
EXECUTE GRAPHICSIGNAME=GEQM,EXPLODE, TYPE=CRTH,SIZE=(15,15),

X TX==2500 ¢ EXNAME=551» TX=204,TY=100.,EXNAME=552,

X TX250.9 TYZ0 o yEXNAME=S5S3yTX=0Q4,TY¥==250.

X EXNAME=SS4)

C =mese 16) ====-
PRINT INPUT (INTERACT,.NODE,SS=l TO 5)
PRINT IMPLT (INTERACT.CONN,SS=2l TQ 4)
PRINT INPLTY (INTERACT.RETA,55=1 TO 4)
PRINT INPUT (INTERACT.8C,SS5=1 TO 5)
PRINT INPUT (INTERACT,LOADS,SS~% TO 5)
€ ow==e 17) o—o=-
PRINT GLTPLT (VIBRATICN)
ERRCR PROCEDLRE
SAVE FILES
END CONTRCL PRGGRAM

nt‘,""'a
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8/ 9000000083 00000000000003008880800880000080008800800000002080
BEGIN NOCAL CATA
1 165.0 148.0 634.5
< 169.0 150.0 634.5
400 112.8 1é9.C 96.0
1001 1CC.0 b 40€,0 TG 1003 100.0 169.0 600.0
101 1CG.¢ 100.0 0.0 TO 106 148.0 *= 360.0
0‘ 8.0.7.0-6.(:'5.0.4-0
401 o 238.0 2 406 148.0 190.0 se
106 T0 116 148.0 148.0 600.0
€06 * 416 * 190.0 s
RECROER FAGM 101
SET 2
87 0005008808000 800008380000808¢S0008080RNRLR0 LSRR RES
2 16S.C 150.0 634.5
300 o €25.2 $€.0
301 230.0 o= 0.0 TG 306 190.0 @= 360.0
CF °.°l1001600|5¢°l’000
401 100.0 *3 406 148.0 Ll
308 10 316 1%0.0 190.0 600.0
40¢ L 416 148.0 s
RECROER FeCm 301
SET 3
1 1€S.C 148.0 634.5
2 * 150.0 *
200 225.2 1¢5.0 $6.0
2GG1 23e.C g 408.0 TGO 2003 238.0 169.0 600.0
201 * 1¢0.0 0.0 ® 206 190.0 148.0 360.0
OF BesTlerbeeSer4s.0
301 . 238.0 .2 306 * 190.0 o»
20¢ Ta 216 190.0 148.0 600.0
306 * 3l o 190.0 *s
RECRCER FRCM 201

SET

G/ 300980000000 00900809800020002820033802RB2020PB8PRR0000ESCREER

4

-

L S S N N Y wNNNN

1 165.0 148.0 634.5
1CC o 112.8 S¢.0
101 100.0 = 0.0 TQ 106 148.0 &= 360.0
CF 8.007.0 60 5.94.0
201 23e.¢ *3 206 190.0 *»
106 10 116 148.0 148.C 600.0
206 . 216 190.0 »

RECROER FRCM 101
ENC NOLAL raTA
BEGIN ST -FNESS CATA
3EGIN PRCPERTY CATA
Pl 5.35 Ce 0Oec 39.8 19.5 o=
P2 3.75 Co 0o 11e2 546 5.6
P3 2411 Co Co 346 18 18 2o11 Ou 0o 3.6 1.8 1.8 111.0

P& 2.11 2.1}

P5 1.15 s

P6 3.2°5 3.25
ENC PROPERTY CATA

BEGIN ELEMENT CATA

BEAM M8 101 102 <00 PL TO 105 106 400 B8Yy 110
L4 4C' 4C2 400 Pl TQO 405 406 400 8v1l1 10
» 1c 1C7 406 P2 TO 115 116 406 o

L e.€ 407 106 P2 TO 415 416 106 e

L 41¢ 2 118 P2

* 11¢ 1 416 P2

* 4CZ 400 402 p3

* 102 4CC 162 p3
RQD 401 400 P4

. 1C1 40C .

* 4C3 4CO L]

s 163 400 )

* 4C3 1C3 PS5 TO 416 1l

. 1€3 404 *2 115 416 8y 2 2

* 4C4 ICS -2 wle 115 L1

- 4 1 P4 P5
¢ I 4l¢ *
L 1001 108 Pé¢ TO 1003 116 8y 1 4

201.5
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ENC ELEMENT CATA

SET 2

(AR TYIRIZTTRIYRRERA IR A1 R R 22 R4 22 2 R 2 2 2 R R 22 222 Q12 dt2sddR

408
1Cs
409
112
412

BEGIN PROPERTY DATA
P3 2.11 Co Co 3t 18 leB 2.11 0. Co 3.6 1o8 1.8 1110

P&
[- B

ENC PROPERTY CATA

2.11
1.15

2.11

$2

BEGIN ELEMENT CATA
BEAM ME
BEAM

ROC
ROD
RGO
RCO
RCD
ROD
RCO

3Ce
402
acit
401
3¢2
4C2
3c3
4C3
304

ENC ELEMENT CATA

SET 23

[ YARIITIIIST RIS SR R IR S AT S22 SRR 22 2 PR 222 222 22 22 22 2 2 22 22222 d 1]

3cc
age
3G6C
3Ce
*
.
402
3G4
«05

BEGIN PROPERTY CATA
0. 35.8
11e2 5.6 5.6

3.6 148 148 2211 0. 0. 3.6 1.8 1.8 111.0

Pl
P2
P3
P4
PS5
Pe

S.15
3. 175
2.11
2.11
1.1¢
3.25

c.
Ca
Ce Co
211
*=
2.25

ENC PROPERTY DATA
BEGIN ELEMENT CATA
BEAM ME

DB BN EODDRERONTISNEOOES

2C1
3C1
2C¢
3Ce
21¢
31¢
20z
302
2C1
acl
2C3
3c3
2C2
3C2
2C4
21¢
2CC1k
.
.
]

2CC2
*

2€C3
.

ENC ELEMENT CATA

SET 4

9/ 928882888222 RNVERLNRRRNRVRRERENSRRNREBERIDAR SRRV IBRPEEREE

o.

202
302
207
3c?
1
2
24C
2GC
2CC
»
*
*
302
2C4
cs

2ce
3ce
2CS
cs
212
312

BEGIN PROPERTY CATA
2011 Co Co 346 106 1.8 2411 Je Co 326 1lo8 1o8 11140

P3
Pe
PS

2.11
1.15

2.11
=

ENC PRCPERTY CATA
BEGIN ELEMENT CATA

EEAM
*

ROC

MNE

1C<
2C2
1C1

iccC
10¢C
1C0

302
402

200
200
306
2Cé
3le
21¢
2C3
3Ca

1c2
203

L} ] elé6 L 2 )

[ 3 BN N N O N J

P3

PS5 T0 316 4lé
*2 415 316 ey 2 2
*2 314 415 "

19.9 *=

P1 TO 205 206 200 8y 110
Pl TO 305 306 200 erl10
P2 TC 215 216 306 *»

P2 TO 315 316 206 »
P2

.

P3

P3

Po

.

s

.

PS5 TOo 216 31¢

* L4 315 2le 8y 2 2
* » 214 315 e

*

P6 TO 2003 216 BY 1 4
* 0+ s 316

P6

.

.

s

»

.

P3
P3
Pe

201.6
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201 10¢
1€2 1co
2¢2 10C
1€2 263
2C3 104
1C4 2C5
ENC ELEMENT CATA
¢ ENC STIFFNESS CATA

[ N N X N J

»/
BEGIN BC CATS
SET 1
RETAIN TX TY T2 FCR 1
RETAIN TX T¥ FCR
SUPPCRT ALL FCR 101
SET
i RETAIN TX 1Y FCR
SUPPORT ALL FCR 2301
SET 3
RETAIN TXx Ty T2 FCR 2
RETAIN TX T¥ FCR
SUPPORT ALt FCR  2Cl
SET o
RETAIN Tx Tv FCR
SUPPORT ALL FCR 101
ENC 8C DATA
%/
BEGIN MASS CATA
SET 1
BEGIN CONCITICN DATA
STAGE 1 CCACITION
ENC CONCITICN CATA
END MASS CATA
BEGIN MASS CATA
SET 2
BEGIN CONCITICN OATA
STAGE 1 CCACITICN
ENC CONCITICN CATA
ENC MASS CATA
BEGIN MASS CATA
SET 3
BEGIN CONCITICN DATA
STAGE 1 CCNCITICN
ENC CONCITICN CATA
ENC MASS CATA
BEGIN MASS CATA
SET 4
BEGIN CONCITICN CATA
STAGE 1 CCNCITICN
ENC CONCITICN CATA
ENC MASS DATA
*/
BEGIN LOACS CaATA
SET 1
BEGIN NGCAL LCAC CATA
CASE |}
CRDER FX FY FZ
1¢Cc1  1C 1<03
ENC NOOAL LGAC DATA
SET 3
BEGIN NOCAL LCAC CATA
CASE 1
CRCER FX FY F2

2061 T1C  2c03
ENC NGCAL LCAC CATA
ENC LOACS CATA
»/
BEGIN SUBSET OEFINITICA
SUBSETS OF STIFFNESS SE
El = ALL
E¢ = El
N o= 1CCL TC 1CC3
ES = GPEN IN Ni

col
4Co
4Cl

300
4Cl

ccl
200
3icl1

1C0
201

PS5

.2

TC

TC

W b i e T e

10 116 216
215 11s ay
114 215 s
1003
2003

i0CC0.0 #= 20000.0

10000.0 *= 20000.0

T1

201.7
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EXCLUCE ES FRGM Ee
N2 = ALL
SUBSETS OF STIFFNESS SET 2
El = ALL
N1 = ALL
SUBSETS CF STIFFNESS SET 2
El = ALL
Nl = ALL
SUBSETS GF STIFFANESS SET 4
El = ALL
Nl = ALL
ENC SUBSET CEFINITION
BEGIN INTERA(Y CATA

CEFINE SS 1 AS SET 1 STAGE 1
CEFINF SS 2 AS SET 2 STAGE 1
CEFILE SS 2 aS SET 3 STAGE 1
CEFINE SS 4 AS SET 4 STAGE 1
SS €

INTERALT 1 2 2 4

BEGIN BC CPrANGES

$§ §

RCTERENCE ST 1
RETAIN TIx TY FCR 102 TO 1lls
*4 «02 TG 4l6
*4 1 2
REFERENCE SE 2
RETAIN Tx TY FCR 202 Ty 216
%4 302 TQ 316
ENC 8C CHANGES
CEFINE HICFEST $S 5 AS SET 5
END INTERACT CATA
ENC FRCBLEM [aTA

201.8
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Table 201-1. Comparison of Natural Frequencies
for Transmission Tower
Q) Frequency (Hertz) )
(3)-(2)
Mode (2) (3) ——-(2) x 100
Number NASTRAN ATLAS 1 9)
1 7.783 87 7.813 51 0.4
2 7.851 53 7.855 62 0.4
3 e e g s e, s
4 10.294 0 10.834 8 5.3
5 10.320 3 10.862 8 5.3
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Figure 201-3. Substructure Interaction Tree,Transmission Tower
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202. STRESS, VIBRATION AND FLUTTER ANALYSES OF A DELTA WING
(DECK 10)

202.1 DESCRIPTION OF ANALYSES

Three analyses of a 45° delta wing are performed in this
demonstration problem:

¢« Normal mode analysis for symmetric modes

« Flutter analysis using symmetric modes and DUBLAT
aerodynamics

e Stress analysis of a cantilever wing subject:.: o
pressure loading

The structure being analyzed is a small-scale structural
model of a delta wing as described in reference 202-1. The ATLAS
structural model is comprised of mid-surface nodes with SPAR and
COVER elements. Because the structure is symmetric about the
plane ¥Y=0 only one-half of the structure is modelled. A plan
view of the structural model is shown in figure 202-1. The same
structural model is used for each of the three analyses.

202.1.1 Normal Mode Analysis

The mass model consists of the mass of the stiffness finite
elements plus SCALAR mass finite elements representing the
concentrated weights described in reference 202-1. A diagonal
mass matrix is produced directly by the Mass Processor. The

panels for which weights are calculated are shown in figure 202-
2.

Boundary conditions are applied to the plane Y=0 to enforce
symmetric behavior. Rigid body translation in the X-direction is
eliminated by supporting TX at node 195. All Z-direction
translational freedoms are retained.

The Vibration Processor is executed using reduced stiffness

and mass matrices. All natural frequencies and mode shapes are
calculated.

202.1
"%

Toat O o e -




202.1.2 Flutter Analysis

The first gseven vibration modes obtained in the first part of
this demonstration problem are used together with DUBLAT
aerodynamics to obtain flutter speeds. The Doublet Lattice box
grid is shown in figure 202-3 along with a flow chart of the
flutter analysis.

202.1.3 Stress Analysis

Pressure loading is applied as element loads uniformly
distributed over each COVER. The pressure magnitudes vary from a
maximuil at ¥=16 to a minimum at the wing tip. All freedoms are
supported in the plane ¥=0.

202.2 RESULLS

202.2.1 Normal Mode Analysis

The mass of the ATLAS model is compared to the experimentally
obtained value in table 202-1. Natural frequencies of the five
lowest symmetrical modes from ATLAS are compared with
exper imentally obtained values in table 202-2. The first mode
shape along spar 2 from this analysis is compared to the shape
given in reference 202-1 in figure 202-4.

202.2.2 Flutter Analysis
The results of the flutter analysis are presented as velocity

vs. damping (V-g) and velocity vs. frequency (V-f) plots in
fiqures 202-5 and 202-6.

202.2.3 Stress Analysis

Contour plots of upper surface stresses are presented in
figure 202-7. Lower surface stresses are equal in magnitude and
opposite in sign because of the structural symmetry and the
loading antisymmetry about the wing mid-surface.

202.2
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LISTING OF CONTROL PROGRAM AND DATA

8EGIN CONTROL PROGRAM DEMOIO

PROBLEM IC(CEMULO0 -

STRESS/FLUTTER ANALYSES OF A DELTA WING)

PURMOSE THE PRINCEPAL ATLAS CAPABILITIES DEMONSTRATED BY
THIS DECK ARE

le
2e
3.
4.

NCGRMAL MQDE ANALYSIS *
PLOE OF VIBRATION MODE SHAPE

FLUTTER ANALYSIS = DUBLAT AERODYNAMICS
V=G AND v=F PLOTS

Se STRESS ANALYSIS
6. STRESS CCNTOUR PLOTS
AUTHOR FoPJGRAY
CORE 130k (OCTAL)
METHOD THE SYSTEN IS EXECUTED VO DEMONSTRATE THE

PKROCEDURE TO OSTAIN STRESSES,DISPLACEMENTS, AND A
FLUTTER SOLUTION FOR A DELTA WING.

(XL IIT R T2 LIRS 2 2 222 21222 2 22 2 JE 222 222222 g2 1222121222t 2 lR2d]2s Rt

L L ]

® THIS DECK DEMONSTRATES AN ATLAS ANALYSIS OF THE 45 DEGKEE . .

* DELTA WING DESCRIBED IN NACA TN 3999. .

L L

* THE PROBLEN TO BE EXECUTEC CONTAINS .

® [ ]

. 117 STRUCTURAL NODES .

. 15¢ SPAR ELEMENTS .

. 102 COVER ELEMENTS .

L] ] N

S0PV 0CPIL LSS SEE LS LSISER LIRSV CPE S SRR RSSO 2RSS S EE S 20288880 S8 g

READ INPUT ;
£

PRINT THE STIFFNES§ AND LOADS INPUT DATA, PLOT GEOMETRY. :

PRINT INPUT (NODAL,SUBSETS.N1=sINPUT,N2)
PRINT INPUT (STIFFNESS.SUBSETS.E10,E20,E30)
PRINT INPUT(LOADS,STAGE=2)
EXECUTE EXTRACTI{EXNAME=NACAL,LSUB=XGRID,ESUB=E)Q,NSUB=N1)
EXECUTE GRAPHICS(GNAME=@LANVIEW,OFFLINE=CALCOMP,TYPE=(ORTH,
POINT )« LABEL=N, SCALE=*.05,VIEW=100,EXNAME=NACAL) :
EXECUTE EXTRACTIEXNAME=NACA2,LSUB=KGRIDIESUB=E25,NSUB=N25) :
EXECUTE GRAPHICS(GNAME=REARSPAR,TYPE=ORTH, LABEL=N®E,SCALE=,10,
VIEW=1000000,EXNAME=NACA2}

GENEPATE THE REDUCED STIFFNESS MATRIX.

PERFORM K-RECUCE
PRINT INPUT(BC)

-~

GENERATE AND PRINT THE DIAGONAL MASS MATRIX,PANEL WEIGHT
MATRIXyAND WE IGHT STATEMENT.

EXECUTE MASS (OPTIQN=2)

PRINT QUTPUTIMASSSTATEMENT , SUMMARY y MDC3MDCoe89) ;

GENERATE AND PRINT THE MCGES,FREQUENCIES,GENERALIZED MASS.AND
GENERALJIZEO STIFFNESS. PRUDUCE MODE SHAPE PLOT,

€XECUTE VIBRATION{STIF=KREDNASS=MDCOOLA (NMOOES=T7,SUBSETS=(N1,
N29))

TR g g K3
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PRINT QUTPUTLVIBRATION,SUBSETS=(N1,N29))

EXECUTE EXTRACTUEXNAMESSPAR2,LSUDB=VMODEVSET=]1,NSUB=N29,M0ODE>3,
X 85ua=0NZ)

EXECUTE GRAPHICS(GNAMESMODES ¢ TYPEQRTHSCALES, 1o VXa=1,,

X VEC TOR3=VMOOE.VSCALE=60. s EXNAMESSPARZ)

GENERATE.PRINT,AND RLOT THE FLUTTER DATA,

[a el y

EXECUTE INTERPOLATIONINL=(SURFSPLINE,CMOD)0UF=1000)

EXECUTE DUBLAT(COND=L JMACH=o SoKVAL=(35,00144215.0024241.0),
)} 8REF=11240)

EXECUTE ADDINT(IO=FCHCK s INToDUBLAT, IGAIN=G NACH=,5)

EXECUTE FLUTTYER{GAFID=FCHCK)

PRINY OUTPUTLFLUTTYER)

EXECUTE EXTRACT{EXNAME=FCASEL.LSUB=VGVF)

EXECUTE GRAPHICSIGNAME=FLUTTER, TYPESGRAPH,SI2E=(10,10),

X X2V o YL8G o Y23F ¢ XMINZJ . s XMAX=230006 9 YLMIN=~,2,
X Y2ZMIN=Q, , Y1 MAX=, 1, Y2MAX=200, o EXNAME=FCASEL)

GENERATE AND PRINT THE ELEMENT STRESSES+NODAL DISPLACEMENTS,
ANC REACTIONS. PLOV STRESS CONTGOURS.

[a RaNalal

PERFORM STRESSISTAGE=2.,Lx])=[S]

PRINT QUYPUT(STRESSESSTAGE=2)

PRINT CUTPUT{DISPLACE »SEAGE=2)

PRINT OUTPUT(REACTIONSsSTAGE=2,R35R31,EQCHK)

EXECUTE EXTRACT(EXNAME=NACA3,LSUB=STRESS,ESUB=ELD.NSUB=N],
x STAGE*2yBSUB=ON1)

EXECUTE GRAPHICS ({GNAME=CONTOURS, TYPE=CONTOUR ,S1ZE=(154151,
X SCALAR=COVSIGMALUs FLEVE~2504,LLEV=0.,
X INTLEV#25. yEXNAME=NACA3)

EXECUTE GRAPHICS{GNAME=CONTOURS o TYPE=CONTOUR,SIZE=L15,15),
X SCALAR=COVSIGMA2U, FLEVZ=60. s LLEV=30.,
X INTLEVE10., EXNAME=NACA3)

INDEX THE RANCUM ACCESS FILES.

[aNgNal

CALL PRNTCAT
INOEX FILES

END

2024

..

2
Cn 1S, Wb f s

.




o

e e+ i

BEGIN NODAL 0ATA /

o/ STRUCTURAL NOOES
15 196.0 0.0 040 2.72 YU 195 100.0 0.0 0.0 2.72 B8Y 15
2 =] 0.0 8.0 (VTR 0.0 0 -} 0.0 8.0 0.0 0.0 ¢ 0O
1 19640 11240 0.0 0.84% TQ 193 8y s
1 o 13
sell 16 0 15
¢/ AUXILIARY PANEL NODES
310 19¢. 0. 0. TO 3lo 1l00G. 0. 0.
320 L lé. *2 326 b 6. 0.
33 g 28. 2 336 1l12. 28. 0.
340 g 40. 2 345 1. 40. 0.
350 . 0. *®2 354 124. 40. 0.
360 . S6. *2 34 140. 56« O.
370 » 72, *2 374 156. 72. O.
380 L g 88. *2 382 1nR. 88. 0.
390 s 112. 0.
ENC NGCAL 0ATA /
REGIN STIFFNESS DATA 4

BEGIN ELEMENT CATA

s/ R18 ELEMENTS
SPAR MOl 15,30 0e0254 .01905 TO 180,195 8vY 15,15
.2 1l4¢29 040508 .03810 TO 179,194 s
.2 13.28 Osl4l2 12355 TO 178,193 oe»
»2 12:27 0.0508 .C3810 TO 162,171 =

9 Q0.0 =l.=-1 0i0 «0 J ~lé,=lo 0,0.0
.2 217 2

s/ SPAR ELEMENTS
SPAR 1 2 0.0695 0.201382 TO 3 4
» 4 5 0.0695 0.474573 TO 14 15

L4 48 S0 O0.0701 0.477268 TO 59 &0
. 97 S8 0.0718 1.495695 YO 104 105
* 145 L6 C.0220 0.205185 TO 149 150
. 1S3 154 0.0700 (.039597 TO 194 195
g 1 17 Q.03 0.039597 TO 1717 183 B8Y 1& 16

./ COVER ELEMENTS
COVER N10O1 L 217 G.009¢ 0.0281 0. TO NL166 177 178 19]
8y NI5 16 lé 1o
COVER N1002 2 3 18 17 C.0696 0.0281 0. TC N1Ol4 14 15 30 29
sl o} 15 16 *=3 Je 0. 0 WV 1l 15 e=23
ENC ELEMENT DATA
END STIFFNESS DATA

./
BEGIN 8C DATA
STAGE 1
RETAIN TZ FOR 1 TC 195
SUPPORT TX FCR 19%
SUPPORT ASYM [N SURFACE 2 THROUGH 15
STAGE 2
SUPPQRT ALL FOR 15 TO 195 8Y 15
ENO 8C DATA
»/
BEGIN MASS CATA
BEGIN “ASS ELEMENT DATA
SCALAR F2 NOOe002 P +003
SCALAR F2 NUDECO3 3 «003
SCALAR F2 NOOEQJO< 4 «0U3
SCALAR F2 NUDEQOS 5 «0U8
SCALAR F2 NOJEOQOS o - 009
SCALAR F2 NODECOT 7 «012
SCALAR F2 NOCEJO0S 3 «0le
SCAat AR F2 NUOE Q09 S <017
SCALAR F2 NODEOLO 10 .020
SCALAR F2 NOOEOLL i «022
SCALAK F2 NODEOLZ 12 « 025
SCALAR F2 NOEOL3 13 .058
SCAL AR F2 NGODEO L« l4 <026
SCALAR F2 NODEULS 1£ «0l3
SCALAK F2 NOOEOLT? 17 <003
SCALAR Fe NOJ:t033 33 « 003
SCALAR F2 NUDEC49 L3 «0U3
SCALAR F2 NODEOS0 54 +0U8
SCALAR F2 NODEOS1 51 009
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.y i by

SCALAR £2

SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR Fe
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR Fe
SCALAR £2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAR F2
SCALAK F2
SCALAR F2
SCALAR F2
SCALAR F2

NQDENS2
NODEQS3
NODEOS4
NOOEQSS
NODEOSo
NOOEUST
NQOEQSS
NUDEQS9
NODEO6O
NOCEQSS
NODEOS1
NODEOST
NODEO9s
NODEO99
NODE 100
NOOCELlOlL
NODEAO2
NUDZ103
NODElOQ&
NUDE10S
NODELL3
NODEL 29
NODEL4S
NOJE 146
NO3JELla?
NODE 148
NODE14Y
NODELS0
NQUElol
NGJELTT?
NOUEL93
NODEL94
NOOEL95

END MASS ELEMENT DATA
3EGIN CONCITION DATA
STAGE 1 CONOITION 1
PANEL CATA 1 CONDITION 2
ENL CONOITION CATA
BEGIM PANEL DATA |}

1 315 316
*e2 & 1¢ 10
19 353 354
se]l & 10 10
21 312 374
29 380 282
ENC PANEL OATA

326 325 YO
10 10 0O
364 363 TO
10 10 0
282 380 1O
3s0

BEGIN LABEL OATA
*% TOTAL wING STRUCTURE

LEVELL
EX10
EK30
LEVEL2
Ex21
EX22
EX23
EK 24
EX25
ENC LABEL DATA
END MASS CATA
B8EGIN LOADS CATA
STAGE 2

LOAD CASE 10 AIRLOAD *sPRESSURE LOAD ON ENTIRE WING SURFACES

*s COVER MA

S2
53
54
1]
56
57
58
5
60
&5
8l
97
98
s
100
101
102
102
104
105
13
128
145
146
147
Lé4b
148
150
161
117
193
154
195

6 a3y
6 0
22 *=»

28 BY

TERIAL

*% RIB MATERIAL
*% SPAR MATERIAL
*% SPAR 1 (FS)

% SPAR 2
*% SPAR 3
% SPAR 4
*: SPAR S5 (

BEGIN ELEMENT LOAD DATA
CASE AIRLOAD

OIRECTION GLOBAL Q. Q. 1.

1014 TO L1638 BY 14

1013 70 1167 BY 14

1012 TO 1166 BY 14

*10 -1 0
1001

-5 0 0o

ENC ELEMENT LOAC DATA

END LOADS DATA

RS)

.2
15
+10
-, 01
«005

012
<014
<017
«020
022
.ozs
«053
- 026
<013
«004
« 004
«006
<014
<017
020
«022
«025
<058
«026
«0L3
« 006
- 097
«008
008
-010
«020
«0l0
« 005
- 0ud
010
2938
010
« 2445

1 =1 &=3

=5

*z25

1 -2 -2-1 -1
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BEGIN SUBSET DEFINITION
SUBSETS OF STIFFNESS SET 1
®/) SUBSETS OF ALL STRUCTURAL NOJOES AND E. EMENTS
El = ALL
Nl = ALL
N2 = 300 Y0 400
EXCLUCE N2 FROM N1
®/ SUBSET OF ALL COVER ELEMENTS
€10 = COVERS
®/ SUBSEYS OF CLEMENTS FOR THE wING SPARS
N2l = 1 TO 193 8Y 16 194 195
E21 = [N N21
€22 = SLAB X 12460
e} 1 0 0 o 20
N25 = NOOES IN ES
8/ SUBSET OF ALL WING SPARS
E20 = E21 VU E22 U E23 U E24 U E25
®/ SUBSET OF ALL SPAR ELEMENTS
E1Q0 = SPARS
8/ SUBSEY OF ALL WING &18S
E30 = ELW
EXCLUQE E20
®/ RETAINEC NODES ON SPAR 2
N2S = 4S TO 60
8/ BJUNOARY SUBSET FCR STRESS CONTOUR PLQTS
UNL = 1 TO 15, 30 TO 195 8Y 15, 194 193 TO 17 8Y «}&
*/ SUBSEY FCR MODE SHARE PLCT
ON2 = 49 s=lle]
ENC SUBSET DEFINITION
BEGIN FLUTTER DATA
CASE 1 ®¢ NACA DELTA wiNG ¢
ALTITUBE 50G0.0
END FLUTTER OATA
s/
BEGIN OUBLAT DATA
BEGIN GEOMETRY DATA
LIFTING SURFACE CATA
PANEL wWINGl 100.0 196.0 100.0 196.0 0. 16.0 0. O.
CHORD DIV 0. 0.l 0e2 0.3 0u% 0.5 0.6 0.7 0.8 0.9 1.0
SPAN DIV 0. 1.0
PANEL WINGZ 100.0 190.0 190.0 196.0 1640 112.0 0. 0.
CHORD DIV 0o Vel 0.2 0.3 0.% 0.5 Co06 0.7 0.8 0.9 1.0
SPAN CIV Ve Cel 002 Ue3 Go® 045 057 Ueb% 0T 0.75 0.8
0.85 0.88 0.52 0.95 0.93 1.0
END GEOMETRY DATA
JEGIN SUBSET DATA
SUBSETS OF B0XES
SUBSEY SS L TO 170
END SUBSET DATA
BEGIN MCDAL CATA
USE CMOD wITH LIFTING SURFACE SS
ENC NOCAL DATA
eNDO DUBLAT DATA
END PROBLEM CATA
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Table 202-9%.

Mass Comparison for
Delta Wing

Experimental
(ref. 202-1)

185.330 kg (408.583 1b)

ATLAS

185.298 kg (808.518 1b)
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Table 202-2. Comparison of Natural PFrequencies
for Symmetric Modes of Delta Wing

(8)) Frequency (Hertz) )
Mode 2) (3) 3)-(2
¢ @)-2) o
(2)
Experimental ATLAS
(ref. 202-%) %)
===t — - —
1 83.3 87.7 10.2
2 88.8 91.4 2.9
3 122.8 127.5 3.8
') 164.2 169.0 2.9
S 179.7 191.4 0.9
202.9
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Figure 202-1. Delta Wing Structural Grid with Node Numbers
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Figure 202-4. First Flexible Mode Shape along Spar 2 of Delta Wing
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Figure 202-5. Flutter V-g Plot,Delta Wing
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203. STRESS AND VIBRATION ANALYSES OF AN SST AIRCRAFT
(DECK 2)

203.1 DESCRIPTION OF ANALYSES

An SST aircraft is analyzed to obtain symmetric vibration
mudes and stresses due to pressure loads applied to the wings.
Because of structural symmetry only one half of the aircraft is
modelled.

The stiffness finite element model is shown in figure 203-1.
Mid-surface nodes with SPAR and COVER elements are used for the
wing, wing fin and horizontal tail. The body is modelled with
BEAM elements the properties of which are shown in figqure 203-2.
Mass is obtained from the stiffness finite elements.

203.1.1 Vibration Analysis

Symmetric boundary conditions are applied in the plane Y=0.
The degrees of freedom retained in the normal mode analysis are
shown in fiqure 203-3. Rotational degrees of freedom are
retained only at control surfaces. Rigid body translation in the
X-direction is eliminated by supporting TX at the aftmost body
node. The pitching and Z-translation rigid body modes are
included in the analysis.

The analysis is performed using a reduced stiffness matrix
and a reduced mass matrix obtained by Guyan reduction of the
merged elemental mass matrices.

203.1.2 <Stress Analysis

Symmetric boundary conditions are applied in the plane Y=0.
Rigid body motions are eliminated by supporting X and 2-direction
translations and rotation about the Y axis at the aftmost body
node. 7he pressure loading is simulated with nodal loads.

203.2 RESULTS

Natural frequencies of the first eight modes are given in
table 203-1. The third mode shape is shown in figure 203-4; this
is the first flexible mode.
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203.3 LISTING OF CONTROL PROGRAM AND DATA

BEGIN CCNTROL PROGRAM DEMOQZ
PROBLEM [O(DEMUO2 = STRESS/VIBRATION ANALYSES OF AN SST)

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY
THIS DECK ARE
l. STRESS ANALYSIS
2« NORMAL MCCE ANALYSLS
3. ELENENT PROPERTY PLOTS
4. VIBRATION MODE SHAPE PLOTS

AUTHOR R.A. SAMUEL
CORE 150k (OCTAL)

METHQD THE RESULTS OBTAINED FROM THIS DECK SHOULD 3t THE
SAME AS THOSE FRONM DECK DEMOOL.

OO0 OO0 0O0

READ [NFUT

PRINT INPUT (NJDAL)

PRINT INPUTISTIFFNESS)

EXECUTE EXTHRACT(EXNAME=GEOM, LSUB=XGRID,ESUB=E] (NSUB=N])
EXECUTE GRAPHICSIGMNAME=GEOMETRY ,OFFLINE=CALCOMP,TYPE={ORTH,
X POINT) ¢ STZE=(204420.)¢RZ230.RX20.+RY=20.
x EXNAME=GEOM)

EXECUTE EXTRACTIEXNAME=PROPS ,LSUB=KPROP, ESUB=E2,NSUB=N2)
EXECUTE GRAPHICSI(GNAME=BOODY.TYPE=ORTH,SIZE=110.10),

X SCALAR=BMIZ (1) ¢SSCALE=.002,EXNAME=PRGPS)
EXECUTE GRAPMICSIGNAME=BODY,TYPE=ORTH,SIZE=(10,10),
X SCALAR=BMAC 1) SSCALE=S. yEXNAME=PROPS)

PERFORM RECUCE

PRINT INPUT(BC) .

EXECUTE VIBRATION (STIF=KRED,MAS3=MRED,NFREQS=8])

PRINT QUTPUT (VIBRATION)

EXECUTE EXTRACT(EXNAME=NODE3 LSUB=VMODE,VSET=] yMODE=3,85U3=0N1)
EXECUTE GRAPHICSIGNAME=VMODES,TYPE=ORTHeSIZE=(20,200,

X RX=0.yRZ=20,,RY=220.,oVECTOR2>VMODE ,VSCALE=100.,
| EXNAME=MODE3)

PURGE FILESISTIFRNF,MERGRNF , MASSRNF, RULTRNF ,CHOLRNF,VI3RANF}
PERFORM STRESSISTAGE=2)

PRINT INPUTI(BC,STAGE=2)

PRINT OUTr' . (LOADS,STAGE=2)

PRINT OUTPUT(STRESS,STAGE=2)
PRINT DUTPUTLOISP,STAGE=2)

PRINT OUTPUT(REACTIONS,STAGE=2, EQCHK)

END CONTRCL PROGRAM
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: ®/ MODE2 /
3 BEGIN NOOAL DATA
! L 7)
. ¢/ B0DY NUDES
i s/
1 i 20, 0. 0. T0 25 9 . 0. 0. aYy 2
i 2T 10640. 0. 0. 30.0 TO 45 1780, 0. 0. 42.5 8v 2
e el 200 0. 65. 0. 0. 0 200 O 65. se
; 45 T0 $S 2180. 0. 0. 31.0 &y 2
i sel 200 ] 200 0. 65. Ldd
H 55 T0 63 2500. 0. 0. 13.5 8y 2
. ee]l 200 0 200 0. 65. e
0 65 2580. 0. 0. T0 17 3060, 0. 0. ey 2
i 79 3140. 0. 0. 3.0
- *¢l 200 0. 6S. o
Y al 3220. G. 0. 6.5
E, el 200 0. 6S. e
E : 83 330Q4Q. G O. 7.0
sel 200 0. 6&5. ..
- 1 85 33a0. 0. O. 2.0
! *+l 200 Q. 65. s
867 3eé0. Ce 0.
89 354C. 8. 0.
B s/
- ¢/ WING NODES
. &/
427 1660, o5. 0. 30.0 TO 435 1380. 180. 0. 17.5 8Y 2
43S T0 445 1780. 180. 0. 27.5 By 2
445 T0 455 2180. 180. 0. 25.0 BY 2
455 10 463 2500, 180. O. 13.0 8Y 2
635 1380. 180. 0. 17.5 TO 661 1620. 265. 0. 10.0 8y 2
66l T0 655 2180. 265. 0. 22.5 8y 2
655 70 663 2500, 265. 0. 12.5 8Y 2
841 1620. 265. 0. 10.0 TGO 867 1971. 380. O. 9.0 8y 2
a467 T0 855 2291. 380. O. 17.0 8y 2
da455 70 863 2611. 380. 0. 10.0 B8Y 2
10647 15$71. 380. O. 9.0 TO 1051 2205. 455. O. 8.5 8y 2
1051 T3 1059 2525. 455. 0. 15.0
1059 TO 1063 2685. 455. Q. 8.0
1251 2205. 455. Q. 8.5 TO 1254 2409. 538. Q. 65
1254 YO0 1259 260%. 538. 0. 11.0
1259 TO 1263 27¢69. 538. O. S5e5
1454 2409. 538. 0. 6.5 TO 1456 2545. 59%¢. 0. 5.0
1456 TO 1459 2665. 59%. O. 7.5
1459 T 1463 2825. 564. 0. 3.5
1636 2545. 5%4. 0. 5.0 TO 1658 2710. 680. 0. 3.0
1658 TO 1663 2910. 680. O. 3.0
1858 2710. 68C. O. 3.0 TO 1860 2875. 765. OU. 1.5
1860 TO 1863 2595. 765. O. 205
./
¢/ AING TRAILING EOGE NODES
./
3001 2500. 65 0. 13.5 TO 3005 2580. 65. 0. 1.0 3y 2
3101 25¢0. 180. O« 13.0 TO 3105 25480. 1380. O. 1.0 e
3201 25G0., 265. O, 12.5 TO 3205 2580. 265. O. 1.0 s
3305 2830. 538. 0. 1.0 TO 3605 3045. 785. O. 1.0
8Y 100 OF 56. 80. 85.
s/
¢/ WwING FIN NODES
s/
REC WINGFIN Q. 594+ Oy le 594, Oey 0. =1, [+ 1%
2056 2545. el Oe 3.5 TO 2456 2830. 100. O. 2.5 8y 200
2058 262S. <1 0, 3.5 TO 2458 2842. 100. O. 3.0 ¢*»
2061 2745, ol O 4.0 TO 2461 2359. 100. 0. 3.0 ¢
2063 2825. «1 0. 4.0 TO 2463 2870. 100. 0. 3,0 =»
&/
®/ HORJZONTAL TAIL NODES
»/
RESUME GLOBAL
279 T0 679 3365. 200. 0. 2.0 BY 200
. 281 T0 é81 3388. 200. O. 2.5 8@
' 283 T0 683 3412, 200. O. 2.5 ®=#
285 T0 685 3635, 200. O. le0 &o

END NCOAL CATA

§
}
&
F
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BEGIN STIFFNESS DATA

¢/

BEGIN PROPERTY DATA

Pl -05 l. *(nING
P2 2. C. 0. .2
P3 10. 0. 0. 100.

P4 «15 <50
PS5 0. *=2 100. 100.

END PROPERTY CATA
SEGIN ELEMENT CATA

¢/ WING FRONT SPAR

s/

®/

SPAR M5 N2003 227
»” N2205 429
82 N2 BOS 435
.2 N3GO7 637
2 N3407 64l
2 N3609 863
.2 N4QQS 847
.2 N&211 1049
2 N&4lLlL 1051
2 Ne6l3 1253
*2 N4T13 1254
2 N481S 1455
2 Na915 1456
.2 NSQLT 1657
2 N5117 1658
»2 NS219 1859

*/ WING REAR SPAR

./

*/

SPAR M5 NS603 263
*2 N5605 463
*°Q2 N5607 663
2 N5605 863
.2 N5611 1063
.2 NS5o013 1263
2 N5615 1463
2 nNSELT 1663

*/ WING INTERMECIATE SPARS

s/

SPAR M5 N2203 229
82 N3803 245
.2 N4803 255
*2 N5003 257
2 N3005 437
2 N3805 445
*2 N6 005 4a7
2 N4805 455
2 N5005 457
2 N3607 643
*2 N&CO7 647
*2 he807 655
2 N5007 657
2 N4 209 849
.2 N4 809 855
2 N5009 857
.2 N4sll 1053

e e i e

FIN SPARS
.2 .z
100. 100.

2%
431

637
635

843
845

1049
1051
1253
1254
1455
1456
1657
1658
1859
1860

463
663
863
1063
1263
1463
1663
1863

425
445
45¢%
457
637

645
647

655
657

843
841

855
857

1046

1055
1057

1253

AND R1I8S)

S{wING FIN ATTACHMENT 3EAMS - TYPE 1)
®(wING FIN ATTACHMENT BciMS - TYPE 2)
*(CONTROL SURFACE RINS)

0. 10. *(BEAMS AT 455 RI8 TG PICK UP SPARS)

el2 2.
.12 2. TG
Y

12 2.
«lc 2. TO
3y

- l Z Z L]
-t2 2. TG
BY

el2 2.

L1

L 2

-

L 2

s

e

*8

L 3 J

*%

«40 12.

«40 1l2.

-34 12.

<34 12.

«30 8.

<30 8.

30 4.

«30 b

«20 2. Ta

-3 4

.36 2.

<60 12,

«24 12. 10
8Y

«20 2. T0
8y

‘36 z.

20 4. TO
BY

«60 12.

«24 1l2. TO
BY

«20 2. TO
3y

«20 4. TQO
8y

«20 8.

«20 10. TO
oY

«20 4. T4
8y

«20 8.

«20 10. TO
B8y

.12 4. TO
8y

03.4

B INER U -

N2605
N200

N3207
N200

N3809
N200

N3603
N200

N5403
N200
N3605
N200

N45605
N200

N5405
N200
N3807
N20O0
N4607
N200

N5407
N200
N4 609
N200

N5409
N200
NeB11
N100

433 435 *
2 2

639 64l *
2 2

845 847 *
2 2

263 443 .
2 2

261 461 *
2 2

443 643 .
2 2

453 653 .
2 2

461 661 +
2 2

645 845 *
2 2

653 853 +
2 2

661 861 *
2 2

853 1053 *
2 2

861 1061 +
2 2

1055 1255 +
i 1

- GINAL PAGE IS
QUALITY

J




ey

s AT

223

o
82

Q2
*°Q
s/

N4S1)

N4813
N4913

AS5015
N5217

8/ 4 ING IN=3CCY SPARS

s/
SPAR L]

2

2
2

*2
Y
#/ WING RISS
o/
SPAR M5

2
*2

€2
2
2
.2
s/
3/ WING CCVERS
./
CGVER M5
2

.2

L4
2
*2
2
o2
*2

*2
2
.2
.2
.2
.2

*2
2
*2
.2
.2
*2

*2
*2
*2
*2
*2
.2

.2
2

N2001
N380O1L

N4801
N5001

NSeOl

N60OL
N6109
N6215

N6425
N6425
N6625
N6833

N7003
NT203
N8e603
LLTDE]
NS603
NG803
N1GOO3
MN1G203
N10403
N7805
N8OOS5
NG60S
NGBOS
N1000S
N1020%
N10405
N8407
NB6OT
NS607
NS807
NLOOO7
N10207
N1O4Q7
NSCUS
N9205
NS60S
N9809
N1000S
N10209
N1040S
NGoll
N961L1
N10511
NS 713
NS8L13
N10513

1056

1255
1256

1457
1659

27
4“5

55
57

63

227
435

1051
1053
1456
1860

229
229
243
245
253
255
257
259
20l
437
437
453
455
457
459
4¢l
643
643
653
655
657
&59
661
849
849
853
355
é57
859
861
1053
1053
1062
1255
1255
1262

1258

1455
1456

1657
185§

2217
245

255
257

263

229
©317
643

1051
1054
1457
1861

429
425
443
445
453
455
457
459
46l
637
637
653
655
657
659
6¢l
843
843
8s3
855
857
856
179
1045
1045
1053
105¢
1057
1059
1061}
1253
1252
1262
1455
1455
1462

227
431
445
447
%55
457
459
461
463
435
639
655
657
659
6061
[ Y-X)
64l
845
855
857
859
8ol
863
847
1051
1055
1057
1056
1061
1063
1051
125«
1263
1254
Le56
1463

«06

el2
06

i 1)

«06

1.00
1.30

3.00
1.20

2.00

25
<30
«20

«20
.zo
Clz
«30

231
245
247
255
257
259
F{-2\
263

439
455
4«57
459
461
463

545
855
657
659
561
663

851
355
857
359
dol
343

1054
1063

1256
1263
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«10
«30

«30
«30

» 30
«30

T0
ay

To
8y
T0
sy
10
8y

T0

T0
8y
T0
ay

T0
T0
70

3y
.00

av
-l4
e
.1“
«

ay
ls
L 1]
.14
*s

3y
.03
2%

.1‘
xe

3y
.08
8
.l
L 34
ol
«14

NSS1L
N100

N5513
N100O
N5515
N10O
N5517
N1OO

N3601
N200
N4601
N200

N3401

“2<o

N6035
N2
N5135
N2
N6235
N2
N6435
N6635
N6335

N200

N200

«22

N200

«22

N200

20

N20O

'20

.22
022

8Y N100

.l“
.14

«22
22

3y N1iOo

———— e e

1062

1262
1462

1662

261
461

661
2

1062
1462
1862

00

00

=00

.oo

.lz
ol2

1

1262

1462
1662
1862

243
253

261

263
~03

663
2

1063

1463
1863

T0
sz 3

$x 3

TC
*= 3

10
=3

T0
=]

TC
223

T0
| E X ]



s

O
v

s/
./

s/
s/
s/

»/
»/
*/

»/
./
s/

»/
»/
./

s/
s/
*/

./
&/
s/

.2
82

*2
.2

N9315S

N10O1S
N10515
NiOl17?
N10217
N10517

WING IN-BOCY COVERS

CGVER N5
2

2
.2
*2
2

WING FIN SPARS

SPAR L]
*2
2
*2
*2
2
2
.2

WING FIN RIBS

SPAR M5
82

2

»2

2

2

N7001
h8601L
N8801
N9601
NS8Ol
N10001
N10201
N10401L

N11001
N11003
N1l201
N11203
N13SO1
N11503
N1L7O1
Nl1703

N12001
N12003
N12005
Nl22491
N12203
N12205

wING FIN COVERS

COVER M5
2

2

*2

2

2

N13001
N13003
N13005
N13201
N13203
N13205

1657
1457
1462
1659
1659
L6662

27
3
45
53
55
57
59
61

2055
2256
2054
2258
2061
2282
2003
2263

2256
2258
2261
2456
2458
2461

2056
2058
2061
2256
2258
2261

WING FIN ATTACHMENT BEAMS

aCaM Z5
.2
Q2
.2
.2
.
.2
WING TRAILING
SPAR Ms
2 0 0
.2
"e2 0 0
»2

*+3 Q Q
WING TRAILING

COVER M5
*?2
2
2
2
2 0 [+]

N2QOOL
N20003
N20005
N20007
N21001
N21003
N21005

l450
1458
l4a6l
1463
1456
1458
1461

1657 1456
1657 1658
1662 1663
1856 1653
1859 1860
1862 1863

221 229
243 245
245 247
253 255
255 257
251 259
258 261
261 263

225¢
2456
2258
2458
2261
24561
2263
2463

2258
2261
2202
2458
2461
2463

2256 2258
2258 2261
2261 2263
2450 2453
2458 2401
2461 2463

205¢& 1463
2058 1463
2061 1463
2063 1461
1456
1461
1463

1458
1463

1660
1663

29

47
55
57
59
61
63

-

LR 2K 2K 28 R BN -]

% % 8 ® a0

2058
2061
2063
2258
2261
2263

L 2R 2N 2 R 2]
W ~n

ECGE CCNTROL SURFACE RIBS

N1OL
2
Nig2
2
N107
1

263
200
3003
100
1263
200

3003
100
3005
100
3305
100

4 #O®CV

EOGE CONTROL SURFACE COVERS

N151
N153
N152
N154
N155

1

e T

263
463
3003
3103
1263
200

463 3103
663 3203
3103 3105
3203 3205
1463 3405
200 1too

3003
3103
3005
3105
3305

100

203.6

<08
«08
8y N1720
«08
-08
8y N1OO
«30
8Y N200
«60
BY N200
«70
70
1.30 .70 l.1
*s
«05
]
*
*
*®
*
«10
s
L
»
.

G .00

T0
=3

10
*=)

10
=3
TO
=3

temrie b



o/
®/ HORIZONTAL TALL SPARS

%/
SPAR M5 N14003 279 479 «10 1.2
*2 N1400S 4719 678 s
82 N14103 281 481 +05 1.8
2 N14l0S 481 681 Lo
.2 N14203 283 483 «05 l.6
.2 N14205 483 683 bad
2 N14303 285 485 «20 2.6
2 N143405 485 685 bl
*/
¢/ MORIZONTAL TAIL RISS
s/
SPAR M5 N1440) 279 a8l «15 2.0 TO N14405 283 285
8y N2 2 2
.2 N14501 479 481 10 1.2 TO N14505 483 485
BY N2 2 2
*2 N14601 679 681 .10 1.2 TO N1460S 683 685
B8Y N2 2 2
s/
®/ HMORIZONTAL TAIL IN-BCDY SPARS
s/
SPAR MS  N14001L 19 271S «50 6.0
*2 N14l0lL 8L 281 25 9.0
.2 N14201 83 283 25 3.0
.2 N14301 85 285 1.00 13.0
«/
®/ HGRIZONTAL TallL COVERS
s/
COVER M5 N15003 279 479 481 281 .16
2 0 0 200 2 =3 0.
COVER M5 N130U5 479 679 681 481 .07
se2 0 0 200 2 #=3 O.
s/
®/ HORIZONTVAL TAfL IN-BODY COVERS
*/
COVER M5 A15001 79 27S 281 81 .80 T0
N15401 83 283 285 85 8Y N200 2 *23
=/
*/ BOCY BEAMS
«/
BEAM NS5 Nl1GQO1l 1 3 5. 0. *=3 16000, 10. 0. *=3 30000.
$+30 O 0 2 2 2 Se b 14000, 5. % 14000.
*2 N1063 63 65 160. 4 450000 148. *4 416000
sel2 O 0 2 2 2 -12. %4 <-34000. -12. *, =34000.
*/
8/ BEAMS AT 455 RIB TO PICK UP DISCONTINUED SPARS
./
BEAM M5 N3000Z 1053 1054 P5
L X1 o] 0 2 2 2 .
BEAM M5 N30011 1063 1062 PS
Lad] 0 0 -2 -2 -2 .

ENC ELEMENT DATA
END STIFFNESS DATA
BEGIN MASS DATA
BEGIN MASS ELEMENT DATA
BEAM 1456 2056 1453 .1 .1 =3
BEAM 1458 2C58 1463 *»
BEAM 1461 2061 1463 =3
BEAM 1463 20£3 L4l »»
END MASS ELEMENT DATA
END MASS CATA
BEGIN BC DATA
STAGE 1 ®(FOR VIBKRATION ANALYSIS)
ORCER RETAIN BY INTERNALID
SUPPORT ASYM [N SURFACE 2
SUPPUKRT TXx FOR 89
RKETAIN TZ FOR 1 7 13 19 27 45 55 63 67 73 79 85 39
RETAIN TZ FGR 227 237 245 255 435 441 445 451 <55
RETAIN TZ FOR 641 645 649 655 659 847 851 855 855 863 1051 *=3¢4
RETAIN TZ FCR 1254 1259 1456 1459 1658 1661 1855 1860 1861

203.7
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RETAIN T2
RETAIN T2

Vo e

FOR 3003 3005 3103 3105 3203 3205
FOR 3305 3405 3505 3605

RETAIN TZ FOR 275 479 679

RETAIN Ty
RETAIN T2
283

STAGE 2

FOR 2058 206€1 2258 2261 2458 2461
RX RY FOR 263 463 663 1263 1463 1663 1863 285 485 685 83
483 683

${FOR STRESS ANALYSIS )

SUPPORT ASYM IN SURFACE 2 ».

SUPPORT T

END B8C DATA
BEGIN LOAD DATA
SET 1 STAGE 2
LOAD CASE ID

3EGIN NODAL LCAD DATA |-
QROER FI P
CASE SYMm K
3 2215, P
S  =6110. B
15 -4970. e
23 =-3255.
39 -540C.
45 '330-
53 ~3830.
61 140.
67 =165,
15 -6365. '
83 =3495.
85 -150. 5
89 -150. :
CRDER FZ FY
2054 -125. 1220.
2458 =100. ~410.
2058 -125. §55.
2061 -125. 1075,
2461 -100. 7665,
24¢3 ~1C0a. =49€0a
2063 -1¢5. ~660.
CRDER F1
431 136175,
231 -8500.
637 8030.
237 =-7750.
245 -117170.
655 ~464C.
255 ~5330.
663 15¢5. !
263 5445,
843 364C5.
645 =20750.
1051 21130.
649 34135,
1055 3345,
1063 1435,
1456 13820.
1459 21815,
1463 €155,
1860 860.
1861 143¢5,
1863 2762,
659 =450,
1059 -8710.
l461 -106%5.
1862 =51%0.
219 =-5060.
6769 =4040,
681 -73175.
281 =-5415,

X T2 RY FOR 89

SYMM S$¢SYMMETRIC AIRLJADS®

283 ~1620.

203.8
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683 -865.
. 685 -1728.
. 285 =342S5,
END NCOAL LOAS DATA
ENO LOAD CATA
BEGIN SUBSET DEFINITION
SUBSETS OF STIFFNESS SET L
; ®/ SUBSETS FOR GEOMETRY PLQOTS
El = ALL
Nl = ALL
%/ SUBSETS FGQR 300Y PROPERTY PLOTS
N2 = 1 T0 89
E2 = BEAMNS N N2
b ¢/ SUBSETS FOR STRESS CONTOUR PLATS
N N10 = TUBE 227 1860 1863 #=8-200 DIRECTION 0 O 1}
N1l = SLAB ? 0.
N12 = N10 I Nil
El2 = COVERS IN N12
ON2 = 227 435 641 847 1051 1254 1456 1658 1859 #=4el
*=8-200 *=17-2
&/ SUBSET FCR VMODE PLOT
ONl = 1 7 13 19 27 227 231 245 255 263 3003 3005
3105 31C3 463 455 451 445 441 435 641 645 649 655
659 663 3203 3205 3105 3103 463 663 863 8595 855 851
847 1051 1055 1059 10863 1263 1259 1254 1456 1459 1463 3405
3305 1263 1463 1663 1661 1658 1959 1860 1861 1863 3605 3505
3405 35CS 1663 1863 1861 1860 1359 1658 1456 1254 1051 847
641 435 227 27 45 55 63 263 463 663 863 1063
1263 1463 1459 2058 2258 2458 2461 2251 2258 2261 2061 1463
1263 1063 663 663 463 263 63 67 73 79 83 a5
a9 85 285 485 685 583 o79 479 279 79 83 a5
285 283 279 479 483 485
ENO SUBSET DEFINITION
END PROBLEM DATA

CRIGIN
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Table 203-1. Natural Frequencies
for SST Aircraft

2.758

3.627

5.828

7.595

9.444

10.768
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Figure 203-1. SST Structural Model
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12=6.660x)0™3m4
(16,000 in%)

A=3.226x10"%mZ
(5 in2)
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Figure 203-2.

. A

PROPERTY BMAL1)

e

l
Zfé:- .1873 mt

(450,000 in%)

PROPERTY BMIZI1)

T

- X

Z=3.330x]073m4
(8000 in%)

X

A=2.581x0"3n2

Zﬁ:=.1032 m2)

(160 in2)

SST Body Stiffness Properties
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Figure 203-3. Freedoms Retained in SST Vibration Analysis
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Figure 203-4.

FREQUENCYS 2.784

Third Mode Shape, SST
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204 . SUBSTRUCTURED STRESS AND VIBRATION ANALYSES OF
AN SST AIRCRAFT (DECK 1)

204.1 DESCRIPTION OF ANALYSES

The SST aircraft described in section 203 is analyzed using
substructures. The same vibration and stress analyses are
performed. The half-model of section 203 is modelled as three
substructures: body, wing and horizontal tail as shown in figure
204-1. These three substructures are interacted in a single step
to obtain the highest level substructure (substructure §4§).

204.2 RESULTS
Natural frequencies, mode shapes, displacements and stresses

obtained in this problem are identical to those obtained in
section 203.
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204.3 LISTING OF CONTROL PROGRAM AND DATA

[a] CFrOONOOOOOOONOOOON

aXalNal

10

vl

20

30

BEGIN CONTRCL PROGRM DEMOO1
PROBLEM [G(DEMOOL ~ SUBSTRUCTURED STRESS/VIBRATION ANALYSES)

PURPOSE THE PRIMARY CAPABILITIES OEMONSTRATED 8Y THIS
DECK ARE
l. SUBSTRUCTURED STRESS ANALYSIS
2s SUBSTRUCTURED VIBRATION ANALYSIS
3. EXPLODED PLOT OF MODEL

AUTHCR ReAs SAMUEL
CORE 150K tOCTAL)
METHOD STRESS AND VIBRATION ANA!YSES ARE PEAFORMED ON &

SUBSTRUCTURED HALF-ALRPLANE MODEL QF AN SST.
DISPLACEMENTS, STRESSESs NATURAL FREQUENCIES AND
MODE SHAPES ARE COMPARED WITH RESULTS OF A
NON-SJUB STRUCTURED MODEL.

USER COMMON(1)

READ INPUT

00 10 I = 1,3

PRINT INPUT(STIFFNCSS.SET=1)

PRINT INPUT (NODAL,SETa{)

PRINT INPUTIMASS.SET=])

CONTYINUE

EXECUTE EXTRACT(EXNAME=SS],LSUB=KGRID,ESUB=E],NSUB=N1)
EXECUTE EXTRACT{EXNAME=SS2,L SUB=KGRID XSET=2,ESUB=ELl,NSUB=N1}
EXECUTE EXTRACT(EXNAME=SS3,LSUB=KGRIDKSET23,ESU3=EL,NSUB=N1)
EXCCUTE GRAPHICS(GNAME=GEOMETRY ,OF FLINE=CALCOMP,TYPE= (DRI N,

X POINT) SI2E=(20.420.) EXPLODERZ=30.,RY=20.,

X RX=0., EXNAME=SSL,TY=100., EXNAME={S552+,853))
eRATION ANALYSIS

DO 20 1 = 1,4

PRINT INPUT(INTERACT+SS=1NODES.RCTAINS,CONN,BC)
CONTINUE

00 301 = 1,2

CXECUTE STIFFNESSISET=])

EXECUTE MASSISET=],0PTION=24,CONDITION=])
CONT INUE

PERFORM SS-MERGE(STIF MASS.S55=)1 TO 3)
PERRORM SS—-RECUISTIF.MASS,.SS=1 TO 33
PERFORM SS—MERGEUISTIF MASS.55%4)

EXECUTE MASSUISET=4yOPTION=4,CONDITION=Y)
PRINT OUTPUT(MASS,ScT =4, SUMMARY)

PERFORM S$S-VSOL(SS=4)

- —— o e N » . n - - g o an

.
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EXECUTE VIBRATION (STIFSKREDOO4,MASS=MREDOO4 NFREQS=8sSET=4)
PRINT OQUTPUT (VIBRATION)

PURGE FILES{MERGRNF , MULTRNF VIBRANF , MASSRNF o CHOL RNF)

[a X sl al

STRESS ANALYSES

00 40 1 = 11,14

PRINT INPUT(INTERACT,SS=1oNODES,RETAINS, CONN,BC,L0ADS)
40 CONTINUE

EXECUTE LOALSISS=(11.12,13))

N PERFORN SS~MERGELSTIF,LOADS,S5=11 TD 13)
PERFORN SS-REDUISTIF.LOADS,SS=11 TO 13)
PERFORM SS-MERGE(STIF,LOADS,S55=14)
PERFORM SS~SSOLLSS=14)

PEFFORM SS—-PART(SS=14)
PERFORM SS~BACKISS=11 TO 13)
DO 45 1 = 11,13
EXECUTE STRESSLSS=1)
45 CONTINUE
Ca S0 I = 11,13
PRINTY QUTPUTIDISP,S5=]1)
PRINT QUTPUTISTRESS,55=1)
PRINT GUTPUT(LOADS,SS=1)
PRINT OQUTPUT(REACTIONS,S5S=1)
S0 CONTINUE
END CONTROL PROGRAM
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&/ NOD

E2 7

BEGIN NODAL OATA

SET 1

*el
: .l

sl

ool

R -2

el
LYSY

se]l

END

1
21
200
45
200
55
200
65
19
200
8l
200
83
200
85
200
<87
89
NGOAL

*(300Y)
20. Qe
1060. 0.
0. 65.
2580. 0.
3140. 0.
0. 65.
3220. Q.
0. bs.
3390. 0.
Q. 65.
3380. 0.
0. 65.
3460. 0.
3540. C.
DATA

BEGIN STIFFNESS DATA
BEGIN ELEMENT DATA

s/

¢/ BOCY BcAMS

*/
*3

se}
*/

BEAM
o o
2
2 0

M5 N10OL
0 2

N1063
0 2

8/ WING IN-30DY SPAKS

s/ S.0

s/

SPAR
*2

.2
2

.
.B. R

SPAR

M5 N20OL
N3801

N4801
N5001

N5601
I8 = WING

M5 N6001

®/ WING IN-80CY COVERS

*/

./

CUVER
*°2

¥
.2
.
»2

M5 NT7001
N8601)
N8301
N9601
NS801
N10001
N10201
N10+01

0.
0.

O
B

0.
o.
0.

Q.
0.

2

27
45

55
57

63

27

27

43

«5
53
55
57
59
61

30.0
Q.

3.0
L 3 J

6.5

1.0
1 J

2.0
s

3
2
65

10
T0

T0
T0
T0

Se
Se
160.

2 -1l2.

227
245

255
2517

263

229

227
243
245
253
255
2517
259
261

#/ S5.0.8. RIB — HCRIZONTAL TAIL

*/

s/

SPAR

M5  N14401

219 281

®/ HORIZGNTAL TAIL IN-BODY SPARS

*/

s/

SPAR
2
.2
2

M5 N14001
NleloOl
N14201
Ni4301

79
81
83
85

2719
281
283
285

229
245
247
255
257
259
261
263

25
45
200
55
200
43
200
17

0.

l .oo
1.%0

3.00
1.20

2.00

=25

29
45
o7
55
57

61
63

e1l5

«50
25
25
1.00

980.
1780.

2180.
0.
2500.

3060.

a3
4%
4
s

10.
10.

60.
6C.

60.

.30
«60

70
70
1.30

6.0
9.0
8.0
13.0

o. o.
0. 0.
65.
0. 0.
65.

6S.
0. O.

16000. 1

14000.
©50000. 14
=34000. -t

T0
3y
T0
8y

T0
8y

T0
8y

ay

8y

N3601
N20O
N4601
N200

N5401
N200

N&6035
N2

N200

N200

«70 1.10

TO N14405

8Y

N2

42.5
31.0
13.5

Q. 0.
S5e
8.
2«

43

261

-00

283
2

8y
ay

ay
se
8y
L1
8y

N NN NN

*=3 30000.
% 14000.
*4 416000.
%4 =34000.

243

253

261

263

10
$=x3
T0
*=x3

285
2



¢/ MORIZONTAL TAlL IN=-BCOY COVERS

./

COVER M5 N15001 279 281 8l .80 10
N15401 283 235 85 3y N200 2 23
END LLEMENT DATA
FND STIFFNESS DATA
3EGIN NOUAL DATA
{ SeT 2 *(nING)
327 1080. 65. 0. 30.0 TO 345 1780. 65. 0. %2.5 8Y 2
- 345 TO 355 2180. o05. O. 31.0 BY 2
355 T0O 363 2500. 65. 0. 13.5 8Y 2
.- 427 1060. 65. U. 30.0 TO0 435 1380. 140. 0. 17.5 3y 2
K %35 TGO 445 1760. 180. 0. 27.5 3Y 2
3 445 YO 455 2130. 180. O« 25.0 3y 2
«55 TO 463 2500. 180. O. 13.0 3y 2
L 635 1380. 180. 0. 17.5 TO 64! 1620. 285. 0. 10.0 8Y 2
eol T0O 655 2180. 265. 0. 22.5 &Y 2
655 TO 653 2500. 265. 0. 12.5 AY 2
841 1520. 265. 0. 10.0 TO 847 1971. 380. 0. 9.0 3vy 2
847 TO 855 2291. 380. O. 17.0 avy 2
855 TO 863 26il. 330. 0. 10.0 av 2
147 1971. 380. 0. 9.0 TO 1051 2205. 455. O, 8.5 3y 2
ws1 TO 1059 2525. 4S55. 0. 15.0
165+ TO 1053 2685. 455. 0. 8.0
1251 2205. «55. G« B.5 TO 1254 2409. 538. 0. 05
1254 TO 1259 2609. 538. 0. 11.0
125+ TO 1263 270S. S538. 0. 5.5
1454 2405. 538. 0. 6.5 TO 1456 2545. 59%. 0. 5.0
1456 TGO 1459 2605. 5% . 0. 1.5
1459 TO 1463 2925. 5S4. 0. 3.5
1656 2545. 59%. 0. S.0 TO 1656 2710. 680. O. 3.0
1658 TO 1663 2910. 680. 0. 3.0
1853 2710. 630. 0. 3.0 TO 1840 2375. 705. U« le5
1360 TO 1853 2995. 765. Q. 2.5
s/
¢/ AING TRAILING ECGE NCDES
./
3001 25C0. 65. 0. 13.5 T3 3005 2580. 65. J. l.0 a8y 2
3101 2500. 130. O. 13.0 TO 3105 2530. 180. G. 1.0 %
3261 2509. 205. Q0. 12.5 TO 3205 2580. 265. 0. 1.0 =
3305 2830. 538. 0. 1.0 VO 3605 3065. 765. 0. 1.0
8y 100 OF S6. 86. 85.
&/
¢/ WING FIN NCDES
*/
REC WINGFIN 0. 53%¢ Oer lo 5% e Joy Ou —ie O
2056 2545. <1 0a 3.5 TO 2456 2330. 100. 9. 2.5 8Y 200
2058 2e25. -1 0. 3.5 TO 2456 2942. 100. O. 3.0 #@
2061 27+5. .l 0. 5.0 TO 2661 2859. 100. 0. 3.0 e
2063 2825. el 0. 4,0 TO 2463 2370. 100. 0. 3.0 e
END NUDAL DATA
8SGIN STIFANESS DATA
S:T 2 s(alNG)
JEGIN PROPERTY CATA
21 .05 1. *(WING FIN SPARS AND RI3S)
P2 2. Co  0e o2 22 42 ®(aING FIN ATTACHMENT BEAMS - TYPE 1)
3 10. Je 0. 100. 100. 100. *(wING FIN ATTACHMSNT 3AMS = TYPE 2}
Pa 15 .50 $(CONTROL SURFACE RISS)
P5 0. ®=2 100. 100. O. 10. ®(3EAMS AT 455 AIB TO PICK UP SPARS)
END PROPERTY :ATa
Ca
Oﬁ:\' I .
Jcoc
Y '-'_/.,\
€ e
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BEGIN ELEMENT DaTa

*/

s/ WING FRONT SPAR

*/

SPAR M5 N2003 27

.2 N2205 429
2 N2805 %25
* N2007 637
* N3407 64l
2 N3609 843
.2 N40O09 .03 4
.2 Ne21L 1043
.2 Né4ll 1051
.2 Néol3 1253
2 Ne713 1254
2 N4315 1455
o N49LS L«56
2 N5017 1657
2 N5117 1658
»2 NS219 1859

./

%/ wING REAR SPAR

*/
SPAR M5 NS603 3&3
*2 N5605 463
2 N5007 663
*2 NS00S 863
.2 N56L1 10063
*2 NS613 1203
2 N5615 1463
*2 NS6L17 1603

s/

®/ AING INTERMECIATE SPARS
*/

SPAR M5 N2203 329
*2 N3803 345
2 N4BO3 355
2 N50U3 357
2 N3005 437
*2 N3805 445
.2 N&005 447
*2 N4305 455
*2 N5005 457
.2 N2e07 643
*2 N40O7 647
*2 N4807 655
»2 N5007 657
.2 NG 203 349
2 N4B809 855
2 N5005 357
*2 N46ll 1053
.2 NaSlL 1056
*2 N48l3 1255
2 N4G13 12546
Q2 NEQLS 1457
.2 N5217 1659

429
%31

637
635

843
845

1045
1051
1253
1254
1455
145¢
1657
1658
1859
1360

463
663
863
1063
1263
1463
1663
1063

“29
445
455
457
637

c45
647

655
657

943
B47

855
457

1045

1055
1057

1253
1256

1455
1456

1657

1859

-

olc

o2

el2
12

12
12

12

+40
o0
.3‘
«34
30
«30
30
«30

«20
e36
«60
24

«36
.20

«b0
24

«20
=20

«20
.20

20

.20
‘20

012
<06

ol2
«QJo

204.6
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2e
2.

2.
2.

2.
s
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.
L2
e
s
.
.
se

12.
12.
12.
12.
8.
d'
4
4.

Z.
2.

12.
12.

10

13
8y

T0
3y

TV
8y

N260S5
N200

N3207
N20O

N380S
N200

N3603
N200

N5403
N20O
N3605
NZOO

N460S
N200

N5405
N200
N3807
N20O
N*607
N20O

N5407
N200
N&£09
N200

N5409
N200
N4811
N100
NS511
N10OO

N55k3
N10O
N5515
NLOO
N5517
N100

433
639

845

343

361

443
453

4€l
645

653

661

853

861
1055

1062

1262
1462

1
1662
1

4«35
641

847

443

4él

643
653

&6l
84S

853

dol

1083

1061
1255

1262
1

Le62
1662

18¢€2
1
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s/
®/ WING RIBS

435
641

1051
1053
1456
1860

1053
2
1063
-2

329
329
343
345
353
355
357
359
361
437
437
453
455
457
%59
461
643
643
653
655
657
659
661
849
849
853
855
857
859
861
1053
1053
1062
1255
1255
1262
1457
1457
1462
1659
1659
1662

2056
2256
2058
2258
2061
2262
2063
2263

s/
SPAR N6109
2 No215
2 N6425
»2 No&25
L 24 N6629
*2 N6833
»/
&/ BEAMS AT 455 RIB TO PICK uP
s/
8EAM M5 N30002
[ 22 0 0 2
3EAM M5 N30011
L TN o 0 -2
*/
®/ AING COVERS
s/
COVER N5 NT003
2 NT203
NB8603
2 N880o3
NS603
2 N9803
*2 N10003
*2 N10203
.2 N10403
2 N7805
*2 N8OOS5
N960S
2 N9805
*2 N10U05
2 N10205
2 N1040S
*2 N8407
»2 N846OT
N9607
*2 NGS807
.2 N1OOO7
2 N1G207
*2 N10407
2 NSQ09
2 NS209
NGo09
»2 NS309
2 N100O09
*2 N10209%
2 N1D40S
*2 NS4l
.2 h9611
N10511
L4 N9TL3
2 NS813
NLOS513
.2 NS9I15
2 N10OO15
NLOSLS
*2 N1OLL7?
2 N10217
NL1OS5LT?
e/
*/ WING FIN SPARS
*/
SPAR M5 N11001
2 N11003
»”? N1l1201
2 N11203
2 N11501
*2 N11503
L P4 N11T7O1
*2 N11703
./

437
643

1053
1054
1457
1861

«30
20

-20
20
.12
.30

be
3.

4
6.
2.
le4

DISCONTINUED SPARS

1054
2
1062
-2

€29
426
443
445
453
455
457

461
637
637
653
655
657
659
661
843
843
853
855
857
859
861
1049
1045
1053
1055
1057
1059
1061
1253
1253
1262
1455
1455
1462
1657
1657
1662
1859
1859
1662

2256
2456
2258
2458
2261
2461
2263
2463

327
431
445
L47
455
457
459
4ol
4«63
435
639
655
657
659
661
653
641
845
855
857
859
86l
863
847
1051
1055
1057
105¢%
1061
1063
1051
1254
1263
1254
1456
1463
14506
1658
1663
1658
1860
1863

PS
*

PS5
*

331
345
347
355
357
359
361
363

439
455
457
459
461
463

545
655
057
559
66l
663

851
355
as57
859
361
363

1054
1063

1256
1263

1458
1463

1560
1663

-

LR B AR 28 B 3N B -)
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«06
«06

.12
.10
l26

«06
.06

.lo
26

06
.05

.lo
«30

«06
« 06

.lo
«30

«30
«30

«30
« 30

«08
.08

.08
.08

T0
BY
T0

10
T0
TQ

avy
.00

3y
14
*s
ol4
*¥

Y
ol
L 2]
14
s

8y
.08
*s
ol
*e

ay
.08
L % J
.14
8
.14
.14
BY
ol4
.14
BY

8y

-3 4

N6135

N6235
N2

N6435
N6635
N6835

N200

N200

.22

N290

«22

N200

«20

N200

.20

.22
e22
N10O
»22
.22
N10O

N10O

N100

461
661
1062

1462
1862

N

«00

.00

.00

.00

.12
.lz

<12
.12
1

i

1

4€3

663

1063
16403
1863

T0

*=3

*=3

TO
=3

T0

*=3

T0
$z3

*£3




: */ WING FIN RIBS

®/
SPAR M5 N12001 2256 2258 pl
82 N12003 2253 2261 b
*°?2 N12005 2261 2263 .
*2 N12201 2456 2458 *
*2 N12203 2458 2461 *
*2 N12205 2461 24863 .
*/
- #/ WING FIN COVERS
- ./
= COVER W5 Nl13001 2056 2256 2258 2058 .05
4 *2 N13903 2058 2258 220l 2061 *
*2 N13005 2061 2261 2263 2063 *
*2 N13201 2256 2456 2458 2258 *
2 N13203 2258 2458 240l 2261 *
2 N13205 2261 2461 2463 2263 *
*/
*/ WING FIN ATTACHMENT BEAMS
*/
BEAM 5 N20001 1456 205¢ 1463 P2
2 N<Q003 1458 2058 1463 +
2 N20005 1461 2061 1463 =
2 N2Y007 1463 2063 1461 #
*2 N21u0l 1456 1458 P3
2 NZ1003 1458 146l *
*2 N21005 1461 1463 *
*/
®/ WING TRAILING ECGE CONTHOL SURFACE RIBS
*/
SPAF M5 N1O1 363 3002 Pae
*s] 0 0 2 100 100 0
s+ ] a 0 2 200 100 0
*2 N132 3003 3005 *
2 0 0 P 100 100 9
*2 N1Q7 1263 3305 *
*+3 0 J 1 200 100 *
*/
*/ WING TRAILING £CGe CONTROL SURFACE COVERS
*/
COVER M5 N151 363 463 3103 3003 .10
*2 Ni53 403 663 3203 3103 *
*2 N152 3003 3193 3135 3005 L
2 N154 3103 3203 3205 3105 *
2 N155 1263 1463 3405 3305 *
2 Q 0 1 200 200 100 100 *
ENU CLCMENT DAT?
END STIFFNESS DATA
BEGIN NGOAL OATS
SET 3 *(HORIZCNTAL TALL)
379 3140.0 65.0 0. 3.0
479 3252.2 132.5 0a 2.5
079 3365.0 200.0 0Ox 2.0
381 3220.0 55.0 0o 6.5
+81 3304, 1325 0e 4.5
o8l 3388.0 200.0 0. 2.5
383 3300.0 65.0 0. 7.0
483 3355.0 132.5 0. 4.75
683 3412.0 200.0 0o 2.5
385 3380.0 65.0 0o 2.0
485 5407.5 132.5 0Oe 1e5
685 3435.0 200.0 0. 1.0
END NODAL CATA
BEGIN STIFFNESS DATA
SET 3 *(HCRIZCONTAL TAIL)
BEGIN ELEMENT DATA
*/
®/ HORIZUNTAL TAIL SPARS
*/
SPAR M5 N14003 379 47S 10 1.2
*2 N1400S5 4739 675 *
2 N14103 381 481 «35 1.8
.2 N14105 481 681 hdd
2 N14203 383 483 .05 1.6

204.8
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L
L7
2
s/
&/ HORIZON
»/
SPAR
.2
s/
s/ HORIZON
s/
COVE
L 2
COVE
2
ENC ELEM
END STIFFN
BEGIN MASS
SET 2
BEGIN MA
BEAM
8EAM
BEAM
BEAM
ENG MASS
END MASS D
BEGIN SUBS
SUBSETS
s/
./ gl -
*/
El =
SUBSETS
./
s/ El -
./ €2 -
./
El =
£2 =
SUBSETS
s/
./ £l -
s/
El =
END SUBSET
8EGIN 8C D
s/
¢/ STAGE
*/ STAGE
*/
SET 1 ST

N14205 4863 683 L 7
N16303 385 485 «20 2eb
N14305 485 685 "
TAL TAIL RIBS
N14501 479 481 10 1.2 TQO N14505 483 485
BY N2 2 2
N14601 679 681 .10 le2 TO N146&05 683 685
BY N2 2 2
TAL TAIL COVERS
R M5 N15003 379 479 481 381 .l6
[}] V] 200 2 ¢=3 O
R M5 NI1S00S 479 &7 681 4381 .07
] 0 200 2 $=3 O.
SNTY DATSA
ESS DATA

CATA

SS ELEMENT DATA

1456 2050 1463 .1 *=4
1458 2058 1463 »»
140l 20¢1 1463 **
1463 2063 146l *%
ELEMENT DATA

ATA

ET DEFINITION

OF STIFFNESS SET 1

BODY ELEMENTS

ALL
OF STIFFNESS SET 2

WING ELEMENTS
WING FIN CLEMENTS

SLAB Z 0.

SLAB Z .1 TO S500.

OF STIFFNESS SET 3
HORTZONTAL TAIL ELEMENTS
ALL

CEFINITICN

ATA

1 FOR VISRATION ANALYSIS
2 FOR STRESS ANALYSIS

AGE 1

SUPPORT ASYM IN SURFACE 2
SUPPCRT TX FGR 89

supp
RETA

ORT RZ FOR 227 TO 263 BY 2y 279 TO 285 BY 2
IN T2 FOR 1 7 13 19 27 45 55 63 67 73 79 85 39

RETAIN TZ RX RY FGR 83
SET 2 STAGE |
SUPPORT ALL FOR 427 3001
SUPPORT RZ FOR 327 TO 3483 By 2

RETAIN
RETAIN
RETAIN
RETAIN
RETAIN
RETAIN
RETAIN

Tz
TZ
Tz
[ £4
Tz
TY
L¥4

SET 3 STAGE 1
SUPPURT RZ FOR 375 TO 385 8Y 2
RETAIN TZ FOR 479 679 ’
RETAIN TZ RX RY FOR 483 683 485 485

FOR
FOR
FOR
FCR
FCR
FOR

435 441 445 451 455

641 645 649 655 659

1254 1259
3003 3005
3305 3405
2058 2061

RX RY FOR 4¢3

1456
3103 3105
3505 3605
2258 2261

847 851 855 859 863 1051 1055
1459 1658 1661 1859 1860 1861
3203 3205

2458 2461

663 1263 1463 1663 1863

204.9
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SET 1 STAGE 2
SUPPORT ASYM IN SURFACE 2
SUPPORT RZ FQOR 227 TO 263 BY 2, 279 TO 285 8y 2
SUPPORT ALL FOR 8S
SET 2 STAGE 2
SUPPURT ALL FOR 427 3001
SUPPORT RZ FOR 327 TO 363 8Y 2
SET 3 STAGE 2
SUPPORT RZ FOR 379 TO 385 8Y 2
END 3C DATA
JEGIN LOAC DATA
SET 1 STAGE 2
LGAD CASE [0 SYMM StSYMMETRIC ATRLOADS*
SEGIN NODAL LOAC DATA

ORDER FZ
CASE SYMM
3 -22175.
S ~cll0.
15 -497C.
23 ~3255.
31 -245.
39 =-5400.
45 -380.
53 -3830.
6l 140.
67 =-165.
75 ~6365.
83 ~3465,
ar ~3160.
85 -150.
86 -150.

END NCDAL LOAC DATA
SET 2 STAGE 2
LCAL CASc ID SYywm *:SYMMETRIC AIRLOADS#
BEGIN NOOAL LOAD DATA

ORCER FZ FY
CASE SymmM
2056 -125. 1220a
2496 -100. 1360.
2458 -100. -410.
2058 ~125. 955.
20c1 -125. 10754
24€1 -100. 1665,
cab3 -100. ~4560.
2063 -125. -660.
ORDER FZ
431 13415,
331 -850C.
6317 8030.
337 -7750.
345 -11770.

655 ~4640.
355 -5330.

663 15€65.
363 5445,
843 36405,
045 -20790.
1051 21130C.
649 3435.
1055 33¢65.
1063 1435,
1456 13820,
1456 21815,
1463 6155.
i860 860.
130l 14365,
1803 27¢2.
656 =450,
1055 -8710.

1401l ~106%5.
1862 -5160.
END NODAL LOAC CATa

204.10
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SET 3 STAGE 2
) LOAC CASE [D SYMM #4SYMMETRIC AIRLOADS®
! 3EGIN NOCDAL LGOAC DATA
' CRDER FZ
i CASE SYmM
3rs -5060.
679 =4040.

. s8l =737,
. 381 -5415.
383 . -1620.
683 -865.
685  =1725.
385 -3425,

END NODAL LOAC DATA
, END LOAD DATA
"y BEGIN SUBSET DEFINITION
g SUBSETS OF STIFFNESS SET L
' El = ALL
i N1 = ALL
SUBSETS OF STIFFNESS SET 2
El = ALL
Nl = ALL
' SUBSETS OF STIFFNESS SET 3
Ly El = ALL
: ‘N1 = aLL
. ENC SUBSET CEFINITION
3EGIN INTERACT CATA

e

' DEFINE SS 1 AS SET 1 STaGe 1 *(300Y)

DEFINE SS 2 AS SET 2 STAGE | *(WING)
: CEFINE SS 3 AS SET 3 STAGE 1 *(HORIZONTAL TAIL)
: $S &

INTERACT 1 2 3
3EGIN BC CHANGES

SS 4
REFERENCE S5 1
RETAIN T2 FOR 227 237 245 255 279
RETAIN TZ RX RY FOR 263 233 285

END BC ChANGES
CEFINE HIGHEST SS & AS SET 4
END INTERACT DATA
BEGIN INTERACT CATA

DEFINE SS 11 AS SET 1 STAGE 2 *(8CDY)
DEFINE 85 12 AS SET 2 STAGE 2 *(WING)
DEFINE SS 13 AS SET 3 STAGE 2 S(HCRIZONTAL TAIL)

SS 14
INTERACT 11 12 13
DEFINE HIGHEST SS 14
END INTERACT CATA
END PROBLEM DATA

i " 204.11
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205. VIBRATION ANALYSIS OF THE FIREBEE DRONE
(DECK 15)

205.1 DESCRIPTION OF ANALYSIS

An analysis is performed to determine symmetrical modes of
vibration of the FIREBEE Drone. Because of structural symmetry,
only one half of the Drone is modelled. The wing model is based
upon the supercritical wing (ARW-1); the fuselage and horizontal
tail models are based upon the data reported in reference 205-1.

The outboard wing is modelled using SPLATE and ROD elements.
The wing center section is modelled using GPLATE and BEAM
elements and the fuselage and horizontal tail are modelled using
BEAM elements. The total structural model is shown in figure

205-1. More detailed views of the model are presented in figures
205-2 through 205-6.

The number of degrees of freedom retained in the analysis is
107. 2-direction translations are retained at outboard wing
upper surface, fuselage and horizontal tail nodes. Rotations
about the Y axis are retained at fuselage and horizontal tail
nodes ; rotations about the X axis are rctained at horizontal t:il
nodes. Syrmetry is imposed on the plane Y=0. Rigid body

translation in the X~direction is restrained near the center of
the fuselage.

The reduced mass matrix is a nondiagonal matrix produced
directly by the Mass Processor. The wing mass is obtained
exclusively from the stiffness finite elements; the fuselage and
horizontal tail mass exclusively from concentrated masses.

205.2 RESULTS

The natural frequencies of the first ten modes are presented
in table 205-1. The first two modes are rigid body modes. The

mode shapes for modes 4 and 6 are shown in figures 205-7 and 205-
8.

The third mode shape closely resembles the first mode shLape
ot a cantilever wing. The frequency and mode shape for this mode

are similar to the results obtained from a NASTRAN analysis of a
cantilever v’ ng.

Modes 4 and 5 are the first two fuselage bending modes and

mode 8 is the first horizontal tail bending mode. The results

for these three modes compare favorably with those reported in
reference 205-1.
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205.3 LISTING OF CONTROL PROGRAM AND DATA

[a¥aXaNeNaYoRalialaNelaNa el

B8EGIN CONTRCL PROGRAM DEMOIS
PROBLEM C(CEMOLS - VIBRATION ANALYSIS OF THE FIREBEE DRONE)

PURPOSE THE PRINCIPAL CAPABILI'IES OEMONSTRATFD BY THIS
DECK ARE
Le GENERATICN OF NON-DIAGONAL MASS MATRIX BY
MASS PROCCSSOR
2. VIBRATION ANALYSIS
3. PLOTS OF VIBRATION MODE SHAPES

AUTHDR M. TAMEKUNI
CORE 150 x (OCTAL)
READ INPUI

PRINT INPUT (NODAL)

PRINT INPUT (STIFFNESS)

PRINT INPUT(MATERIAL)

EXECUTE EXTRACTIEXNAME=TJO™AL,LSUB=KGRIDJESUB=E]l,NSUB=N1}
EXECUTE GRAPHICSIGNAME:GEOM,OFFLINE=CALCOMP, TYPE=QRTH,

X SIZE +120.420.) ¢ VIEW=100,EXNAME=TOTAL)
EXECUTE EXTRACTIEXNALE=BODY, LSUB=KGRID,ESUB=E2 ,NSU=N2)
EXECUTE GRAPHICS(GNANE=GEOM,TYPE=ORTH,S12E=125+25)LABEL=N,

X RY=0,RI=90,RX==90,EXNAME=BODY)

EXECUTE EXTRACT(EXNAME=UPRSURF,LSUB=KGRID,ESUB=2E4,NSUB=N4)
EXECUTE GRAPHICSIGNAME2GEDM, TYPESORTH,S12Es{20.420.)sLABCc . =N,y

X VIEW=1004 EXNAME=UPRSURF )

EXECUTE EXTRACT(EXNAME=LWRSURF,LS5US=KGRIC,ESUB=ES,NSUB=NS5)
EXECUTE GRAPRICS{GNAME=GEOM, TYPEsORTH,SIZE=(20.,+20.)LABEL=N,

X VIEW=100+EXNAME=LWRSURF)

EXECUTE EXTRACT(EXNAMKE=WNGBOY,LSUB=KGRID,ESUB=EL NSUB=NS)

EXECUTE GRAPHICS(GNAME=GEOM, TYPESORTHSI1ZE3(20.+20.) s LABEL=N+T,

X VIEW=100, EXNAME=nwNGBOY)

EXECUTE EXTRACT(EXNAME=TAIL,LSUB=KSRID,ESUA=EI,NSUB=N3)
EXECUTE GRAPHICS(GNAME=GEDMoTYPE=ORTH,SI2E=i{20.920.)LABEL =N,
X VIEW=100,EXNAME=TAIL)

PERFORM K-RECUCE

PRINT [INPUT(BC)

EXECUTE MASS(NPTION=3) i
PRINT CQUTPUT (MASS,MDC=MD(s®9s, SUMNARY)

EXECUTE VIBRATION(MASS=NMDCOOLA,STIF=KRED,VSET=],NMODES=20)
PRINT DUTPUT(VIBRATION,VSET=]1) -

EXECUTE EXTRACT (EXNAME=DRONE, L SUB=VMODE VSET=],

X BSUB=ON1 ,MODE=1 TO 10O)

EXECUTE GRAPHICSIGNAMRE=MUDES yTYPE=ORTH¢SI12E=(20.420.)R2=260.,
AY==35,,RX=0,9 VECTOR22aVMODE.VSCALE=15.,
X EXNAME=DRONE)

END CONTROL PROGRAM
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BEGIN MATERIAL CATA /

M51 .05 7/
0 .22B8E+07 0. .&55E¢C6 0. /
M52 .1/
0o «10500000E+08 «312500QCE+00 «%Q0000000E+07 O. /
M53 Ve /
0 <220€¢CT7 Q. <695€E¢06 0. /
n54 [\ N /
0 «105Q00C0E+0O8 «31250000€+00 «4C0O00Q00E+QT 0. /
M55 .285 /
o «25000000€+08 «31818182€E+00 -11000000€+08 0. /

ENC MATERIAL DaTa /
BEGIN NCUAL CATA /
REC WING =1.01 Gs 0. 1o 0. 0. -1.01 Oe 1. /

1 310.6360000 85.5000000 144070000 /
2 310.6360000 85.50000C90 «9100000 7/
3 311.8520000 85.5000000 1.6630000 /
4 311.8520000 85.5000000 +8630000 /
H 313.8750000 85.5000000 1.9310000 /
6 313.8790000 8545000000 «9790000 /
T 31642430000 85.5000000 2.1750000 /
8 316.2430000 85.5000000 1.2410000 /
9 218.6080000 85.5000000 2.3940000 /
10 318,6080000 85.5000000 1.5980000 /
11 321.9860000 85.5000000 2.5950000 /
12 321.9860000 85.5000000 22870000 /
13 323.0740000 85.5000000 2.4240000 /
21 30445500000 71$.2500000 1.36400000 /
22 304.5500000 75.2590000 « 7860000 /
23 305.9200000 792500000 1.6310000 /
2% 305.9200000 752503000 « 7440000 /
25 308.2000000 76.25900000 1.9300C00 7/
20 30€.2000000 75.2500000 «3720000 /
27 316,8700C00 75.2500000 2.21100C0 /
28 31C.8700000 752500000 1.1400000 /
29 313.5300000 752500000 2.456"000 /
30 313.5300000 75.2500000 1.5280030 /7
ED S 3i7.3400630 792500000 26550000 /
32 317.3406000 75.2500000 2.3210000 /
33 3152440000 7%9.2500000 2-4395000 /
41 2617.8290000 723490000 13470000 /
42 2$7.3290000 723490000 «6630000 /
&3 29E.6570000 71.5930000 1.6320000 /
L 29¢.6570009 71.533C000 +6173000 /
45 30C.0¢ 3000 1023040000 1.9740000 /
46 300.08.9000 7G+3040000 . 725000G¢ /
47 301.8150C00 68.7260000 243630000 /
48 301,8190000 6847260000 « 9750000 /
45 303,6430000 67.0700000 2.5820000 /
50 303.6430000 67.0700000 1.3870000 /
51 30644150000 64.5530000 2.7630000 /
52 306.,4150000 64.5530000 2.3580000 /
53 307.8.90C00 63.2230000 2.4530000 /
61 28S.45000080 6347470000 ‘3680000 /
62 286,4500000 $3.7470000 «5720000 /
63 250.3630000 6248920000 1.6950000 /
64 290.3930000 628920000 «49%90000 /
65 292.0140000 61.4200000 2.0760000 /
.1 292.,0140000 614200000 «5870000 /
67 253.9920000 5546240000 2.4190000 /
&8 263.9920C00 59.6240000 «8340000 /
69 266,0670000 5 7« 1400000 2.6840000 /
70 294.0670000 5 7. 7400200 1.2720000 /
71 299.2210G00 54.8760000 2.8070000 /
12 266.2210000 54.8760000 2.3480000 /
73 300.,8870000 53.3630000 2.4410000 / -
81 281.0740000 55414501010 1+4420000 7/
82 281.0740000 55.1430 «5280000 /
83 282.1300000 S4alib 1.8160000 /
34 282.130038300 54417520 .4 080000 /
a5 283.9470000 5245350000 2.2320000 /
86 283.9470000 525360000 «4560000 /
a7 286.1650000 5045220000 25640000 /
é;ﬁ":i"“"L FEQ(;E- ’S
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a8

83

90

91

92

93
1ol
102
103
104
105
106
107
108
109
110
111
112
113
121
122
123
124
125
126
127
128
129
130
131
132
133
141
142
143
le4s
145
146
167
148
149
150
165
166
167
168
169
170
174
176
200
201
202
203
204
205
200
207
208
223
225
226
2217
242
243
245
246
2417

28641650000
288.4920000
288.4920000
292.0270000
252.0270000
253.89460000
272.69T0000
272.6970000
273.8670000
273.80170000
275.8800000
275.8300000
278.3380000
278.3330000
280.91060000
280.9160000
284.8340000
284.8340000
28645043000
264.3150000
264.3150000
265.6030000
265.6030000
2017.8140000
261.8140000
270.5110000
276.5110000
27343400000
273.3400000
277.6%00000
271.54C0000
273.9130000
25545420000
25945423000
257.3400C00
2517.3400000
259.7470C00
255.7470000
262.6830000
262.6830000
265.7620000
265. 7650000
251.6800000
251 .6800000
254.8560C00
254.8560C00
258.189%0000
258.1850090
251.6800000
258.18%0000
243.3000000
244.,4200000
251.6300000
258.1800000
256.3800000
263.3300000
268.1500030
27123300000
275.0500000
258.1800000
26343300000
2038.1500000
272.390Q0000
24547800000
258.18060000
203.3300000
2649.1500000
272.39007°00

®/ B8LOY NODES /

REC EBQODY Q.
302 10¢C.
304 120.

O 1e548 lo 0o

0.
0.

0. /
0. /

- ean  r—— ———— o—r——

50.5220000
48.4100000
48.4100000
45.1990000
45.1990000
43.5030000
46.5420000
46.5430000
45.4810000
45.4810000
43.6520000
43.6520000
41.4210000
41.4210000
35.0800000
35.0800000
35.5220000
35.5220000
3346420009
37.9410000
37.9410000
36.7750000
36.77500%
34.7630000
34.7680000
32.3190000
32.3190000
25.7500000
29.7500000
25.8450000
25.8450000
23.7820000
29.3390000
2543390000
28.0690000
2840690000
25.8840000
25.8840000
23.2170000
23.2170900
20.4200000
20.4200000
17.0000000
17.0000000
14.11560000
14.1160000
11.0900009
11.0900000
17.0000000
11.090C000
$.0000000
$.0000000
5.0 000000
9 1000000
303000000
$.0000000
940000000
$.0000000
$.0000000
4.3500000
423500000
4.3500000
4.3500000
-Q00UV00
«0000000
«0000000
«00000V00
0000000

1548 0. 0. 10.

205. 4

/

«6960000
2. 7900000
1.153000C
2.d4370000
23210000
24230000
1.5510000

+50%0000
1.9720000

«3320000
2.4100000

«3290000
2.7170000

«5580000
2.8960000
1.0340000
2.8630000
2.2940000
24040000
1.7230000

+4270000
2.1230000

« 2560000
2.5870000

2010000
2.87190000

«4200000
3.0020000

«$150000
2.8980000
2.2660000
2.3850000
1.7790000

«% 720000
2.2850000

«1300000
2.7550000

«0730000
3.0240000

+2830000
3.1C90000

« 7560000
2.9430000
-.0550000
3.1770000

« 1450000
3.2150000

«6770000
1.3480000
1.9480000
1.9480000
1.5480000
1.9480000
1.9430000
1.9480000

1.5+80000 -

19480000
19480000
1.9480000
1.9430000
1.5480000
1.9480000
1.9480000
15430000
1.9480000
1 « 9480000
1.9480000
1.9480000
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306 130. 6. 0. /
33048 1l4G. Qe 00 /
310 15¢C. C. 0. /
312 léC. Ge Ve 7/
314 17¢C. Ve Ua /
316 180. G. Co 7/
3i8 190. e 0/
32C 200. 0. 0. 7/
322 21¢. 0. 0. /
324 22C. Je Uo /
B 326 232. 0. 0. /
323 24l. Ue Ve /
330 250. Qe Qo 7/
332 28¢C. 0. 0. 7
334 2sC. 0. 0. 7/
336 2544 J. 0. /
333 30C.5 0. 0. 7/
340 312, Ce Qa7
3¢2 315.1 0. 0. /
24+ 326, Je Qe 7/
34€ 332.7 0. 0./
348 34C. Qe 0. 7/
350 34«.2 0. 0. /
352 350. a. 0. /
354 356.5 G. 0. /
356 35S.50 Q. 0. /
358 368. 0. Q. /
360 370. Jeo 0o 7/
362 3945 0. Q. /
364 4040. C. 0. 7/
380 408.1 0. 0. /

*/ HGRIZOUNTAL TAIL NUDES /

401 355.56 S.9 0. /

©08 3T3.411 34.234 0. /

REC HT 401 403 355.50 S.S 10.0 /
ANALYSIS FRAME HT /

401 0. 0. U« TGO 403 28. 0. 0. /
41l O .5823 0. /

2l2 %. 2.519 Q0. /

413 8. 1.S78 0. /

alé 1ds leowl? C. 7/

1% le. 837 C. /

4ld 20. o1507 C. /
217 24. =.5425 0. /
418 23. -1.30¢ Q. /

cNO NCCAL Dala /

SEGIN 8C CATA /

¢/ KETVAINED FRECOCMS /

*/ WING /

RETAIN TZ FCR 165 167 166 /
RETAIN TZ FOR 141 TQ lev B8Y 2 /
RETAIN TZ FCk 121 TO 133 bY 2 /
45 0 J C ~-20 0 -200 0/

*/ FUSELAGE /

DR R Tt TR T VY O O

s

RCTAIN TZ FOR

RETAIN kY FOR

304

238

310 3le
344 352
21¢ 3le
e 352

322 3238
356 3¢0
322 328
256 360

243 247
364 /
243 267
64 /

[T,

o/ HMGCRIIONTAL TaAlL /
RETAIN T2 FCR 40} TQ 403 /
RETAIN RX FOR <«J1 TO <03 /
RETAIN RY FCR 401 TO %03 /
SUPPURT ASYM I[N SURFACE ¢ /
SUPPURT TX FCR 247 /
END BC DaTa /
SEGIN STIFFNESS DATA 7/
3EGIN ELEMENT CATA /
dEAM M52 Te00CU N40 00 165 17~
»12200300€¢01 0. 0. 0.
+27100000E+00 «25000000E+00 Qs0 /
3EAM M52 T+0000 N6OOl 166 17«
e L2200000E+Q1 0. O. 0.
«2710000CE+00 «25000000E+00 0.0 /

145

le6
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C e smas et s e an v

BEAM M52 TeQ000
«122000005+01
«2710000CE+0Q0

BEAM M52 T90000
«12200000E+01
«2710Q0QUE+Q0

BEAM M52 T+0000
«18750000E+01
«$77000Q00€E+30

BEAM M52 T+0000
«3125000CE+0L
«16280000£+C1L

8EAM M52 T+00Q0
«37500000E+01
«19530000£+01

BEAM M52 T+0000
«31250000€E+01
«16280000E+01

BEAM M52 T+0000
«31250000E+01
«16280000€+01

BEAM M52 T+0000
«3125000CE+QL
«16280000&+01

B8EAM M52 T+0000
«31250000€+01
«1628000CE+01

BEAM M52 T+0000
«31250000E+C1
«16280000€+01

BEAM M52 T+0000
«31250000E+01
+«1628000GCE+Q1

BEAM M52 T+0000
+«31250000E+01
«16280000E+01

BEAM M52  T+0000
«31250000€+01
«16280000E+C1

BEAM M52 T+0000
«3125000Gc+C1
«16280UQ00E+01

BEAM MS2 T+0000
«3125000CE+ 0L
«16280000&+01

BEAM M52 T+CJ00
«12500000E+01
«65100000E+00

3EAM M52 T+Julu
«12500000E+01
«6510000CE +00

BEAM M52 T+Gugo
«125000C0E¢01
+«£5100000E+G0

BEAM M52 T+40000
«31250CU0E+ 01
«16230000£+01

BEAM M52 T+0000
«12500000€+G1
«65100000E+00

BEAM M52 T+00Q0
«12500000E+0:
«65100000E+00

BEAN M52 T+0000
»125000C0E+ 01}
+85100000E+00

3EaM M52 T+0000
«31250000€+01
«16280000£+C1L

BEAM M52 T+0000
«12500000E+01
«65,00000£+0C

N60O2
o.
+25000000E+00
N%003
0.
+25000000E+00
N4005
0.
«87900000E-01
N40O6
o.
«40700000E+00
N40O7
0.
« 70300000E+00
N4008
o.
«40700000€E+00
N%009
0.
«4#0T700000E+00
N4OLO
0.
«%0700000E+00
N4O11
0.
«40700000E+00
N4O 12
0.
+«407000C0E+00
N4013
o.
++0700000E+00
N&O 14
o.
«40700000E+0C
N4O15
0.
«%0700000E+00
N4O 16
0.
«%07Q0000E+00
N4QL7
0.
«407000COE+Q0
N4O18
Je
+26000000€E~-01
N6U 19
O.
«26000000E-01
N40O20
00
«2600000JE-01
N4O21
o.
+40T700000€E+00
N4022
0.
¢ 5000000£-01
N6Q23
0.
«26000000E-01
NeO24
0.
«26000000€~01
N4025
0.
+«40700000€E+00
N40 26
0.
«26000000E~01

0.

Q.

0.

o.

0.

0.

0.

0.

o.

o.

0.

0.

0.

0.

0.

0.

o.

169

170

174

17«

174

200

201

203

204

205

206

207

201

202

202

223

225

22%

242

243

245

246

203

205

205.6

176

0.0 7/
176

0.0 7/
17e

0.0 7
202

0.0 /
201

0.0 /
201

0.0 7/
202

0.0 7/
204

0.0 7/
205

0.0 ¢
206

0.0 7/
207

0.0 /
208

0.0 /
242

0.0 /
242

0.0 /
243

0.0 7/
225

0.0 /
220

0.0 /
2217

0.0 /
263

0.0 7
245

0.0 /
246

0.0 7
267

0.2 /
223

0.0 /
225

0.0 /7

149
0.

150
o.

242
+28500000€ +00

242
«11180000€+0}

242
«1T7610000€+0)

242
+«11180000E+01

242
«11180000E+0Q1

242
+«11180000€+01

242
«11180000E+01

242
=11180000€+01

242
«11180000E+01

242
«11180000€+01

243
«11180003€+01

243
«11180000€+01

242
«11130000E+01

242
«91000000€-01

292
«51000000E=-01
242
«91000000€E-01

201
«11180000€+01

201
+«91000000E~-01

201
«91000000E-01

201
«91000000E-01

242
«11180000E+01

242
«91000000€~-C1

Sy



BEAM M52 T+0000

«12500000E+01
«65100000E+00
BEAM M52 T+0000
«12500000€+01
«6510000CE+Q0
BEAM M52 T+0000
=31250000E+01
«16280000E+01
BEAM M52 Te0000
«12500000€+Q1
«55100000€+00
BEAM MS2 T+0000
«12500000€+01
«65100000E+00
BEAM M52 T+0000
«1250000CE+Q1
«65100000€¢00
8EAM M54 T+0000
«40C00000E+01
«20000000E+G3
RCD M53 T#000C
RAD ™53 T«0COD
ROD M53 Te000C
RCO M53 TeQ000
ROD M53 T+0000
RCC M53 Te0000
RCD M53 Te0000
RCD M53 Te0GOC
ROD M53 T+0000
ROD M53 T+0000
ROD M53 T+000C
RO0 M53 T+000C
RGD N53 Te0U0CO
ROD NMS3  Teuuocl
RCD NM53 Te0000
RCO M53 Ted00C
ROD M53 T+#+000GC
RCD M53 Te000C
ROYD M53 T+Q00C
ROD  M53 T+000C
RCDO M53 T#0000
RCO M53 T+0000
RCO M55 TeoULOC
ROC N53  T+0000
ROQ M53 T+000C
RCD M53 T#0000
ROD M53 T+0000
RCOC M53 T+000C
RCD M53 T+0000
kCD M53 T+0000
RGD M53 T#000C
RCJO M53 T+0000
ROD M53 TeQo00
ROC M53  T+0000
ROD M53 T+Q000
RGD M53  Te0000
RCO  N53  T+0000
RCO M53 Tego00C
RUD M53 T+0000
RQD M53 T+300C
RCD M53 T+0000
RCD M53 Te000C
ROD M53 T+0CO0C
ACD M53 T+0C00
RCD M53 Te+000C
RCO M53 T+0000
ROD M53 T+0000
ROD M53 T+000C
ROC M53 T+0000
ACD M53 T+0000
ROO M53 +0000

N4O027
0.
«26000000£~-01
NeD 28
VI
+26000000E~01
N4029
Qe
«4QTOCCOUE+Q0Q
N40 30
Q.
«26000000E-01
N0 31
0.
«26000000E~01
N4032
0.
+260C0000€E-01
N80O0Q
0.
«20000000E+03
N2000
N2001
N2002
N2003
N20O4
N2005
N2006
N2007
N2008
N2009
N2010
N2011
N2012
N2O13
N2014
N2015
N2016
N2017
N2018
NCOLS
N2020
N2021
N2022
N2023
N2024
N2025
N2026
N2G27
N20U23
N2029
N2030
N2031i
N2032
N2033
3203«
N2035
N2036
N2037
N2038
N2J39
N20D40
N2041
N2042
N2Q43
N2Q44
N2G45
N204o
N20a7
N20438
N2043
N20Q50

0.

Qe

Ge

0.

0.

0.

ol

206

207

223

225

226

2217

202

226

0.0 /
227

0.0 /
243

0.0 /
245

0.0 /
246

0.0 7/
247

0.0 /
204

0.0 7

262
+«91000000€E~-01L

242
+«91000000€~01

242
«1118C000E+01

242
«91000000E-01

242
+«91000000E-01

242
«91000000E-01
242
«40000000E+01

«6C000000E-01
«$8000000E-01
«57000000E-01
«13400000E+00
+183000Q00E+00
«15900000£+00
«15500QC0E+00
»15900000€+00
« 13800000E+9Q0
+«13400000E+00
«670000002-01
+98000Q00E~O1
«60000000£6~-01
+«52000000€E-01
«10400000£¢00
- 12200000£+00
«15700000£+00
«20700000€+00
«18600000E+00
«13200000E+Q00
«13600000E+00
.20700Q00E+00
«15700000E+00
«12200000£+00
«10400000E+00
«520000Q00E-01
+51000000€E~01
«11400300E+0Q
«10000000E+00
«13000000€E+00
«23200000€+00
«21400000E+Q0
«20800000c+00
«21400000E+00
«23200000E+00
«18000G00€E+00
«16000000€+00
«11400000€+00
«51000000£=-01
«58000000€-01
«12900000E+00
«18000000£+00
«20300000E+00
«26200000E+00
«24200000E+00
«23500000€+00
«242000Q0E+00
- "5200000E+00
«203000Q0E+00
+«18000000E+0Q0
«12900000£+00
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RO0 M53 T¢0000 NZ20S51 62 82 +58000000E-01

ROD NM53 T+000C N2052 al 101 «64000000E-01
RCO M53 T+0000 N2053 83 103 «14300000€+00
RCD M53 T+000C N2054 85 105 «20100000E+0
RCD M53 TeQ000 N2055 87 107 +22600000E+00
ROD M53 T+0000 N2056 89 109 «29200000E+00
RCC M53 Te0000 N2057 s1 111 «26900000E+00
RCO M53 T+0000 N2058 s3 113 +26200000€+¢00
RCO MS3 Te0200 N2059 §2 112 +26900000E+00
ROD M53 T¢0000 N2060 S0 119 +29200000E¢00
RCD M53 T«0000 N2061 88 108 «22500000E+00
ROO M53 T+0000 NZO0b2 8o 106 « 20100000E¢00
RCO MS53 T+0000 N2063 84 104 «14300000E+00
ROD M53 Te0000 N20&4 82 102 «64000000E=01
RGD M53 Te0000 N2065 101 iy +» 71000000E-01
RGD MS53 TeQ00C N2066 103 123 « 14900Q00€+00
RO0 MS53 T+0000 N2067 105 125 «23000000£+00
®00 M53 T¢Q000 N20é8 107 127 «25000000£+00
RQD M53 Te000C N2069 169 129 +32200000E+00
ROD M53 T+0000 N2070 111 131 «29700000E+00
ROD MS53  T«0000 MN20OT7IL 113 133 «28900000€+00
ROD M53 T+0000 N2OT72 112 132 «29700000£+00
ROD M53 T¢0000 N2G73 110 139 «3220000GE+00
ROC M53 Te000C N2074 108 128 «25000000E+00
ROD M53 T+0000 N2075 106 126 «23000Q00€ +00
ROD MS53 T+0000 N2076 104 124 «14900000E+00
ROD MS3  T+000C N2O77 102 122- « 71000000E~01
RCD M53 T+0000 N20O78 121 141 « 770000U0E=QL
RCO M53 T+0000 N2079 123 143 «16400000£+00
RCO M53 Te0000 N2080 125 145 - 25100000€+00
ROD M53 T+000C N2081 127 147 +«27300000€+00
RGD M53 T+0000 N2082 129 149 « 164000000E+00
RCD M53 T¢0000 NZOB3 130 159 «14000Q00E+00
RGD M53 T+G000C N208« 128 148 «27300Q00E+00
RGO M53 T+0000 N20¥5 l2o 146 +«25100000E+00
ROD M53 T+3000 NZ2O086 124 144 « 16400Q00E+00
ROD M53 T+000C N2OB7 122 142 «T7000000€~01
RCDO M53 T+0000 N2083 145 165 «14500000€+00
ROD M53 T#+000C N203S 147 167 +«29500Q00E+00
RQD M53 T+000C N20SO 145 169 «152000002+00
RCD MS3  T#0GJ30 MN2091 150 170 «15200000£+00
RCDO M53 T+0000 N2092 148 168 «29500000€+00
ROC M53 T+0000 N2OS3 146 166 «14500000£+00
RGD M52 7T+0000 NZ102 “7 67 +«40000Q00E-01
RCO M52 T+0C00C N2103 67 87 «44800000E-01
ROD M52 T+000C N2104 87 107 «+8300000€-01
RCDO M52 T+00ul N2105 107 127 «51300000E-01
ROC M52 T+000C N210e 127 147 +«53500000E~01
RSO M52 T+dJ0l N2il2 48 63 «40000000E~01
RCD M52 T+000C N2113 68 83 «%4800000E-01
RCD M52 Te000C NZ2ll4 a3 108 »+8300000€-01
ROC M52 T+000GC N2il5 1¢8 1238 «51300000E-01
RGD M52 T+000C N21ilé 148 148 «53500000€-01
RCGD M52 T+000C N2117 143 163 «55300000€E~01
R3D M51 T+00CQ N2120 1 3 «19700000E-01
ROD MS51 T+0000 N2i21 3 5 «31200000€-01
ROD M51 T+0000 N21l22 5 7 «332000002-01
RUD MS51 T+0C00 N2123 7 9 «30%00000€E~01
&RUD M51 T+0000 NZ2lZ2« S | 9 «19100000€-01
RC{D M51 T+0000 N2125 11 13 «40000000E-03
RCO M51 T+0000 N2126 12 13 «40000000€-03
RCD M51 T+Q0CO0 N2127 10 12 «19100000€-01
ROD M51 T+0000 N2'28 3 10 «30900000&£-01
RCD M51 T+0000 N2i129 6 8 «332000C0€-01
ROLD M51 T+0000 N2130 < 6 «31200000€-01
RGD MS51 T+0000 N2131 2 4 «19700000€-01
RCD M52 T+000C N2140 21 23 «20000000£+00
ROD M52 T+40C0C NZl+l 23 25 «26600000€+00
ROD M52 T+000¢ N2142 2é5 27 «2910000Q0E¢00
ROD M52 T+000G N2.i43 27 29 «27300000£+00
RCO M52 T+0000 N2.44 29 31 «17200000£+00
ROD M52 Te000C N2145 31 33 «46000000E=-01
ROD M52 T+000G N2146 2 33 +460000Q00€-01
205.8
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RQO
®/0D
RUOD
ROD
RGO
RCD
RCO
ROD
RCD
RCD
ROD
RGO
RGO
ROD
ROD
RUOO
ROD
ROD
ROD
ROD
RO
RQD
ROD
RGY
R3O
RUD
RGO
RGO
RCO
RCD
RGO
RGO
RQOD
RQD
RCD
RCO
ROD
RCD
RGD
ROD
RCO
RQOO
ROD
RCO
RCD
RGO
ROD
k0D
RCD
RCO
ROOD
RGO
ROC
ROD
ROO
ROD
ROD
ROD
RGD
ROD
RQD
ROD
ROO
ROC
R3O
ROO
K30
RGO
RQOD

M52 T+000C N2l47
M52 Te000C N2148
M52 T+000C0 N2149
M52 T+0000 N2150
M52 T#000C N2151
M52 T#000C N2160
M52 T+000C N2161
MS2 Te000C N2162
M52 T+000C N2lo3
M52 Te0000 N2l6%
M52 Te0Q0C N2165
M52 T+0000 N2i66
M52 Te0000 N2167
M32 T4000C N2168
M52 Te0000 N2169
M52 T+000C N2170
M52 Te000C N2171
M52 T+000C N2180
M52 Te000C N2181
MS2 T+000C N2182
MS2 T+0000 N2183
M52 Te00UU N2184
M52 Te0000 N2185
M52 T+000C N2l86
M52 T+0Q0C N2187
M52 T+000C N2188
M52 Te0000 N2189
M52 Te000C N2190
M52 T+000C N219l
¥52 T+0000 N2<00
M52 T40006 NZ22O1
M52 Te0000 N2202
M52 T+000C N2203
M52 T+000C N2204
M52 T+000C N2205
M52 Te00Q0 N2206
M52 T#00G0 N2207
M52 T+0000 N2208
M52 T+Q0G0 N2209
M52 T+¢0008 N2210
M52 T+000C N2211
MS2 T+000C N2220
M52 T+0000 N2221
M52 T+0000 N2222
M52 T+006C N2223
M52 T+000C N2224
M52 T+020C N2225
M52 T+000C N2226
M52 T+000C N2227
M52 T+000C N2228
M52 T+000C N2229
M52 T+000C N2230
M52 Te000C N2231
M52 T+0000 N2249
M52  T+000C N226l
M52  T+Q00C N2242
M52 T+000C N2243
M52 T+00GC N2244
M52  T+000C N2.45
M52 T+000C N2246
M52 T+000C N2247
M52 T+000C N2248
MS2 T+000C N2249
M52  T+P0OC N2250
M52 T+0000 N2251
M52 T+0000 N2260
M52 T+000C N2261
M52 T¢000C N2262
M52 T+000C N2263
Op,
Op ‘i3,
l%?'“(
o™ #y,.
Y )p
D "’-Sl
. n:’~
r

121
123
125
127
129
131
132
130
128
126
124
122
141
143
145
147

104
123
125
127
129
131
133
133
132
130
128
126
124
143
145
147
149

205.9

«17200000E+00
«27300Q00E+00
«25100000E+00
«2660C0000E+00
«2U000000E+00
«22100000£-~01
«30600Q00E-01
«29500000E~01
«29100000£=01
+2¢4000000€-01
«30000000E=-02
«50000000£=-02
«24000000E~01
«29.00000€E-01
«29500000€-01
«30600000E-01
«22100000&£-01
«25300000£-01
+33900000£~-01
«329000005-01
«32400000g-01
«26900000E-01
« 74000000E~02
« 74000000E-02
«26900030E-01
«32400000¢€-01
«32900000€~01
«33900000£-01
»253C0000E-01
«284000C0€E=01
+37400000E-01
»356400000€-01
«35500000€-01
«29600000E-01
«95000000E~-02
«95000000£&~02
+29600000€E-01
«35500000€~01
«36400000&~01
«37400000€-01
«28400000E~01
«31300000&-01
«40800000£-01
«39700Q00€~01
«38500000E~01
«32000000&-01
«11500000E~01
«11500000E~01
«320006000E~01
«38500000E-01
«397000C0E-01
«40800000€-01
«31370000£~-01
«33800000E-01
+«43900000€-01
«42300000E~01
+41300000E~-01
«34200000E-01
«13200000£&~-0G1
«13200000c-01
«342000006-01
«41300000£E~01
«42800000E-01
«43900000E-01
«33800000c~01
«36100000€-01
«46800000E-01
«45300000€-01
«43900000€-01
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ROD M52 T+000C N22&4 1
ROD MS2 T+0000 N2265 1
ROD M52 7400006 N224&6 1
ROD M52 T«000C N2267 1
ROD M52 T+000C N2c82 1
ROD M52 T+000C N2283 1
ROD M52 T+000C N2234 1
RCD M52 T¢000C N228S 1

ROD M55 T+0000 N2301
ROD M55 T+0000 N2302
ROD M55 T+0000 N2303

RGD M55 T+00CO0 N2304

ROD M55 T+0000 N2305 1
RCD M55 T+0000 N2306 1
ROD M55 T+0000 nN2307 1

ROD MSS5 T¢0000 N2311
RCD M55 T+#0000 N2312
ROD M55 T+0000 N2313

RCD MS5 T+0000 N2314

RQD M55 T¢0000 N23)S 1
ROD M55 T+0000 N231s 1
ROD M55 T+0000 N2317 1

RCD M55 T+0000 N2321

ROD M55 T+0000 N2322
RO0 M55 T+0000 N2323
RCD M55 T+0000 N2324
R3O0 M55 T+0000 N2325 1
RQD M55 T+0000 N2326 1
RCD M55 T¢0000 N2327 i

RCD M55 T+0000 N2331
RCD M55 T+0000 N2332
ROD M55 T+0000 N2333
RCD M55 T+#0000 N2334

RCD M55 T+0000 N2335 1
RCD M55 T+0000 N233s 1
ROD M55 T+0000 N2337 1

GPLATE M52 T+(J00 N5500
«25000000E+0C +25000000E+00

GPLATE M52 T+0000 N5501
+«2500000CE«00 «25000000€+00

GPLATE M52 T+0C00 NS502
«25000000€+00 -25000000E+00

GPLATE M52 T+0000 N5503
«25C0000CE+Q0 «25000000€+00

GPLATE M52 T+0000 N5504
«25C00Q0CE+CO «25000000€¢00

GPLATE M52 T+0000 N5505
«25000000E+00 «25000000€E+00

ROND ™53 T+0000 N3000

R., M53 T+0000 N3001

ROD M53 T+000C N3002

ROD M53 T+0000 N3003

RCD M53 T+0000 N3004

ROD M53 T+0000 N3005

RCD ME4  T+0000 N3006

ROD M54 [+0300 N3Q07

ROD M54 T+0000 N3Q08

ROD M54 T+0000 N3009

ROD M54 T+0000 N30l10

ROD M54 T+0000 N3011

ROD M54 T+0000 N30i2

ROD M54 T+0Q000 N3013

ROD M54 T¢0000 N30le

RCD M54 T+0000 N3015

ROD M54 T+0000 N30ls

RAD M54 T+0000 N30L7

RGD M54 T+0000 N3018

RUD M54 T+0000 N3019

ROD M54 T+0000 N3020

RGD M54 T+0000 N3021

ROD M54 T+0000 nN3022

RGD MS5¢ T+0000 N3023

ROD M54 T+0000 N3024

48 150
46 148
44 146
42 144
65 167
87 169
68 170
66 168
25 45
45 65
65 a5
a5 105
0s 125
25 145
45 165
26 46
46 66
66 86
86 106
06 126
26 146
46 166
29 49
49 69
69 89
89 109
09 129
29 149
45 169
30 S0
50 70
70 90
90 110
10 130
30 150
50 170
243 223
O.
223 203
[\ 18
245 225
o.
225 205
Qe
246 226
Q.
220 206
o.
1 2
3 4
5 6
7 8
S 10
11 12
21 22
23 24
25 26
27 28
29 30
31 32
41 42
43 44
45 46
47 48
49 50
Sl 52
61 62
63 6%
65 66
67 63
69 70
71 72
81 82
205.10

+43900000£-01
«45800000E-01
+468000Q0E~0L
+36100000€-01
« 74 T7000Q0E-01
+71100000E-01
«71100000€-01
«74700000E-01
+11600000€+00
+13900000E+00
«16300000€+00
«18700000E+00
+21400000€+00
+24300000E+00
«27700Q00€+00
«11600000E+00
+13900000£+00
+16300000E+00
+«18700000E+00
«21400000E+00
«24300000E+00
«2T77T00QQ0E+00
«13700000E+00
«15500000E+00
«17200000E+00
+«19300000E+00
+20700000E+00
+22800000E+00
«25000Q00E+00
«13700000€+00
«15500000c+G0
+17200000E+00
«19000000€+00
+20700000€+00
+22800000€+00
«25000000€+00
225 245

/
205 225

/
226 246

/
206 226

/
227 247

/
207 227

/
«10000000E~01
«10000000E-01
«10000Q00E~01
«1000000Q0E~01
+10000000E-01
«10000000€-01
«1000000Q0E-01
«10000000€~01
« 10000Q00E~-01
+10000000E=01
«10000000E=01
»10000000E~01
«10000Q00€E=01
«10000000E-01
«100C0000E=-01
»10000000E=01
+10000000E~01
« 10000000E-01
«10000000€-01
«10000000E=01
«10000000E-01
«10000000E=~01
« 10000000E-01
+ L0000Q00F=-01
«10000000E-01
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T et 18 e it v

ROD NS4
RQ0 M54
ROD MS¢
ROD MS¢
ROD M5¢
ROO M54
ROD M54
RCO M54
ROO M54
RGO M54
RCD M54
ROD M54
ROD M54
ROD M54
ROD M54
ROD M54
ROD M54
ROD M54
RCD M54
RCD M54
ROG M54
ROD M54
ROD M54
ROD M55
RAL M55
RGO M55
ROD .55
ROD M55
ROD M55
ROD M55
RCDO M55
RCD M55
RCD M35
ROD M55
RAQD M55

SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE

T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T«0000
T+0000
T+0000
T+0000
T+0000Q
T+0000
T+0000
T+0000
T+0000
7+¢0000
T+0000
T+0000
T¢0000
T+0000
T+0000
T+0000
T+0000
T+00Q0
T+¢0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+«0300
T+0000
T+0000
T+0000
T+0000

M51
MS51
M51
M51
M51
M51
MS1
MS1
MS1
LI}
M51
M51
M51
M51
M51
M51
M51
M51
MS51
M51
M51
M51
M51
M51
M51
M51
M51
MS1
M51
M5 1
M51
MS1
M51
M51
M51
M51
M51
"51

T+0000
T+3000
T+0000
T+0000
T+0000
T7+0000
T+0000
T+3000
T+0000
T+0000
T+0000
T+0N000
T+0000
T+0000
T+0000
T+0000
T+0000
T+000V
T+000v
T+0000
T+0000
T+0000
T+0000
T+0300
T+0C00
T+0000
T+000L
T+30CY
T+0000
T+0000
T+00C0
T+0000
T+3000
T+0000
T7+0C00
T+0000
T+0000
T+0000

N3025
N3026
N3027
N3028
N3029
N3030
N303]
N3032
N3033
N3034
N3035
N3036
N3037
N3023
N3039
N3040
N304l
N3Q42
N3043
N3044
N3045
N304s
N30&7
N3052
N3053
N3054
N305S
N3056
N3US7
N3062
N3063
N3064
N3065
N3066
N3067

N1000
N10O1
NLOO2
N1003
N1uO04
N100S

1006

2007
N10O8
N1COY
N10O10
N1Ol1l
NlQ1l2
N1020
N1O21
N1022
N1023
N1024
NL1025
N1026
NLO27
N1QGZ8
N1029
N1030
N1031
N1032
Ni1Q4O
N1O«1l
N10O&2
NLO43
N1O44
N1045
N1Q46
N1Qe7
N1O48
NlV4S
N1OQ50
N1O51

8é

8s

88

S0

9
102
104
106
108
110
112
122
124
126
123
130
132
142
144
l4o
148
150
164

40

66

100
126
146
50
70
S0
110
130
150

« 10000000E~01
« 10000000€-01
«100000Q0E-01
«10000000E=-01
« 10000000E~01
«10000000E~01
«10000000E=01
«10000000€-01
«10000C00E-01
«10000000E=01
«10000000€-01
«10000000E-01
+10000000E=-01
«10000000E~01
« 10000000€-01
«10000000E=-01
«10000000E=-01
«10000000€-01
« 10000000€-01
«100000Q0E=01
+10000000€-01
« 10000000E~01
«10000000c=-01
+50000000€=01
+50000000£-01
«50000000£-01
«50000000E-01
» 50000Q00E~-01
«50000000€-01
«50000000E~01
+50000000£-01
«50000000€-01
«50000000E-01
- 50000000E-01
+50000000€E=-01

3 23

5 25

7 27
9 29
11 31
13 33
12 32
10 30

8 28

6 26

4 2«

2 2

1 21
23 43
25 45
27 47
29 49
31 5t
33 53
32 52
39 50
< 43
26 46
24 44
22 42
21 41
43 63
45 65
47 67
49 69
51 71
53 73
52 72
50 10
48 68
46 66
44 6%
%2 62

/
/
/
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«70000000€~01
« 70000000E-01
« 70000000€-01
« 70000000€~01
«7C000000E~01
+70000000€~01
« 70000000E-01
«70000000€-01
«70000000€-~01
- 70000000£-01
«70000000€~-01
«700000G0E-01
«70000000E-01
« 70000000€-01
«70000000€E=-01
+«70000000&-01
«70000000E-01
«70000000E-01
+70000000E~-01
«70000000€E-01
+700000G0E~01
«70000000E-01
+ 70000000E-C1
«70000000€=91
» 70000000E=J1
»70000000E-01
«70000000£E~01
+70000000E-~01
« 7T0000000€-01
»70000000€=01
«70000000€-01
70000000€-01
«70000000€-01
»T0000000E~01
«70000000€~01
« TQ00VGQ0E=~01
«70000000€=01
« 70000000E-01
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SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLAE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE
SPLATE

M51
M5 1
M51
MS1
M51
M51
MS1
M51
M51
M5l
M51
M51
M51
M51
M51
M51
M51
M51
M51
M51
M51
M5 1
MS51
mMS1
M51
MS1
M51
M51
M51
M51
M51
M51
M51
M51
M51
M51
M51
M51
M5 1
MS1
M51
M51
M51
M51
M51
M51
M51
M51
MS1
M51
M51
M51
M51
MS51
M51
M51
M51
M51
M52
M52
M52
M52
M52
M52
M52
M52
M52
M52
M52
M52
M52
M52
M52

T+0000
T+00G0
T+0000
T+0000
T+0000
140000
T+0000
T+000C0
T+0000
T+3000
T+0000
T+0000
T+0000
T+C000
T+0000
T+0C00
T+0000
T+C000
T+0000
T+0000
T+0000
T+0000
T+G000
T+0060
T+0000
T+0000
T+0000
T+0000
T+0000
T+00C0
T+0000
T+0000
T+0000
T+0C00
T+0000
T+0000
T+0000
T+0C00
T+0000
T+0u00
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0C00
T+0C00
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000Q
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0000
T+0C00
T+0000
T+0000

N1052
N1060
NLO6L
NlOB2
NlO63
N1U64
N10O65
NlQ&6
NlO67
N10O68
N1Q6&S
N1070
N1O71
N1GT2
NLOBO
N1081
N1082
N1083
N1Q8<
N1Q85
N1086
N1087
Nioss
N1G8S
N1090
N1OG1
N10G2
N1100
NliOl
N1102
N1103
NilO4
N1105
N1106
N1lO7
Nll08
N1109
Ni1l1l0
N1lll
Nl1ll2
N1120
Nliel
Nl122
Nll23
N1128
N1 129
N1l130
N1131
N1132
N1l42
N1lie3
Nll4g
N1laS
Nl200
Ni2ol
N1202
N1203
N1204
N1205
N1206
N1207
N1208
N1209
N1210
N1211
N1212
N1213
N12le
N1215
N1216é
NL1217
Nl218
N1219

o Ak e e

62
8l
83
85
87
89
91
93
92
90
88

(-T3

82
101
103
105
107
109
111
113
112
110
108
106
104
102
121
123
125
127
129
131
133
132
130
128
126
124
122
l41
143
145
147
150

205.12

102
121
123
125
127
130
128
126
124
122
145
147

41
63
65
67
69
71
73
72

68
66
64
62
61
33
85
87
89

93

92

30

88

86

84

82

81
103
105
107
109
11
113
112
110
108
106
104
102
1ol
123
125
127
129
128
126
124
122
121
147
149
143
146

10
12
24
26
28
30
32
44
46
48
50
52
64
66
68
70
72

61

83

8s

87

89

91

93

92

90

88

86

84

82

8l
103
105
107
109
111
113
112
110
108
106
104
102
101
123
125
127
129
131
133
132
130
128
126
124
122
121
143
145
147
149
148
l4o
144
142
141
167
169

ce e g o ey

«70000000E~01
« 710000000E=01
« 70000000€E-01
« 70000000 =01
« 700000C0E=01
«T0000000€E=01
«70000000E-01
« 70000000E-01
«70000000€=01
«70000000€~01
« 70000000E-01
« 70000000E~01
« T0000000E=01
« 70000000E=-01
« 7T0000000E-01
«70000000E~=C1
«70000000E-01
+70000000E-01
«70000000€-01
« 70000000E~01
« 70000000€E~01
» 70000000E~01
+ 70000000E-01
«70000000€~01
« 710000000E~01
« T000000V0E-0]
«70000000E~-01
» 10000000E-01
«7C000000€-01
«70000000E~01
« 70000000£-01
+ 70000000E~01
« 7COC0000E=-01
«70000000E~01
«70000000€~01
« 70000000€-01
«70000000E=~01
«70000000€E~01
« 70000000E=-01
«70000000€E~01
«70000000£~01
« 70000000E=01
«70000000£-01
«70000000E~01
« 70000000E-01
«70000000€-01
«70000000€-01
«T70000000E-01
« 70000000E-01
« 70000000€-01
« 70000000E=~01
» 70000000€E~01
«70000000€-01
«70000000E-01
« 70000000€~-01
«70000002E-01
«70000000E-01
« 70000 000E~-01
«16400000E+01
+16400000E+01
«16400000€+01
«16400000E+01
+16400000E+01
«50000000€E-01
+500000002-01
«500U0Q000€~01
=»50000000E-01
«50000000E~-01
+50000000€-01
+50000000E-01
+50000000&~01
«50000000E-01
«50000000E-01
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SP'.ATE M52 T4+0000 N1220 81 83
SPLATE M52 T+0000 Nl221 a3 85
SPLATE M52 T+0000 Nl1222 85 87
SPLATE M52 T+0000 Nl1223 a7 89
SPLATE M52 Te0000 NiL224 89 st
SPLATE M52 T+0000 N1225 101 103
SPLATE M52 T+0000 N1226 103 105
SPLATE M52 T+0000 Nl1227 105 107
SPLATE M52 T+0000 N1228 107 109
SPLATE H52 T+0000 N1229 109 1l
SPLATE M52 Te0000 N1230 121 123
SPLATE M52 T+«0000 Nl23} 123 125
SPLATE M52 T+0000 Nl232 125 127
SPLATE M52 T+0000 N1233 127 129
SPLATE M52 Te0000 N1234 125 131
SPLATE M52 T+0000 N1235 141 143
SPLATE M52 T+0000 Nl23¢ 143 145
SPLATE M52 T+0000 N1237 145 147
SPLATE M52 T+0000 N1238 147 149
SPLATE M52 T+0000 N1239 165 167
SPLATE M52 T7T0000 N1240 167 169
SPLATE M55 7T+0000 N1301 45 PE]
SPLATE M55 T+¢0000 N1302 65 45
SPLATE MS5 Te0000 N1303 85 65
SPLATE M55 T+0Q00 N1304 105 85
SPLATE MSS5 T+0000 N1305 125 105
SPLATE M55 T+0000 N1306 145 125
SPLATE M55 T+0000 N1307 165 145
SPLATE M55 T+0000 N13ll 49 29
SPLATE M55 T+000Q0 NI1312 69 49
SPLATE MSS5 T+0000 N1313 89 69
SPLATE M55 T+0000 N131l4 109 89
SPLATE M55 T+0000 NL1315 129 109
SPLATE M55 T+0000 N1316 149 129
SPLATE M55 T+0000 N1317 169 149
GPLATE M52 T+Q000 N5000 202 176
«250000C0E+Q1 «25000000E+01 Q.
GPLATE M52 T+0000 NS001 201 202
«25000000QE+00 «25000009E+00 0.
GPLATE M52 T+0000 N5002 202 243
«25C00000€E+00 «25000000€+00 0.
GPLATE M52 T#0000 N5003 202 203
«25000000E+00 «25000000E+00 0.
®/ ADDITIONAL ELEMENTS /
ROD M53 TUO N7003 § 6 .01 /
ROOD N7004 S 10 .01 7/
ROD M54 TO N7005 25 26 <01 /
ROD M54 TO N7006 29 30 .01 /
SPLATE N7001 S5 &6 26 25 .1 /
SPLATE N7002 9 10 30 29 .1 /
PLATE M54 TO N70G7 11 12 13 .05 /
PLATE N7008 31 32 33 .05 /
PLATC N700S 51 52 53 .05 /
PLATE N7010 71 72 73 .05 /
PLATE N7011 91 S2 93 +05 /
PLATE N7012 111 12 113 .05 /
PLATE N7013 131 132 133 .05 /
®/ FUSELAGE BEAMS /
BEAM M54 TO N60CL 204 308 0. *=4 9.524 0. #=4
BEAM N6UQ2 308 310 0. *=4 52.38) 0. *=4
BEAM N6Q02 210 316 0. #=4 59,524 0. *=4
BEANM N60O4 316 320 0. ®=4 B80.952 0. *=¢
BEAM N60O05 220 322 0. #=4 126.190 0. *=4
8EAM NeGC06 322 326 C. *=4 1064101 0. *=4
BEAM N60O7 326 228 0. *®24 61.905 GC. *=4
BEAM N6008 328 242 0. *=4 100,000 Q. *=4
BEAM NEOOS 242 243 0. #24 106.625 Q. *=4
BEAM NoO10 243 246 0. ®=24 123.310 0. *=4
BEAM NEOLL 246 247 0. %34 1164667 0. *24
BEAM No6QLZ 247 334 0. ®=24 644286 0. *=4
B8EAM N6O13 334 338 0. ®34 169.048 0. *=4
BEAM N6014 338 340 U. *=4 18l.548 0. *=4
BEAM N6015 340 344 0. =24 195,238 0. *=4
205.13

84

86

68

90

92
104
106
108
110
112
124
126
128
130
132
144
146
148
150
168
179

52.381

59.524

80.952
126.190
106.101

61905
100.000
106,625
123.810
116.667
164.286
169.048
1dl.548
195.238
140.476

82
84
86
83
90
102
104
106
108
110
122
124
126
128
130
142
144
146
148
166
168
46
66

106
126
146
166

50

70

90
110
130
150
170
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«50000000E-01
«50000000€=01
«50000000E=01
+50000000€-01
+50000000€=01
+«50000000€-01
«50000000€-01
+50000000€-01
+«50000000€E-01
«50000000E=-01
«5G000000€-01
«50000000€=01
«50000000E~01
+50000000€=01
+50000000E-01
«50000000E=-01
«50000000€~01
«500000097 ™1
«5Q00000C0E~-0O
+80000000E~01
«80000000E~-01
+«10000000E+00
+10000000E +00
«10000000€ +00
«10000000€E +00
+10000000£+00
«10000000E +00
«10000000E+00
«10000000£+00
«10000000€+00
+«10000000E +00
+«10000000E«00
+10000000E+00
+10U000Q00E +00
+10000000E+00
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BEAM N6ULE 344 368 0. *24 140,476 0. ®=4
BEAM N6OLl7 2448 352 Q. *=4 33,333 (0. *34
BEAM N6QOl8 352 356 0. *=24 47.619 0. %24
BEAM N6O19 356 358 0. %24 33,709 Q. *=34
BEAM N6Q20 253 360 0. ®x4 21,429 (. $=4
BEAM N6Q21 260 364 0. *=4 25.191 0. =4
#/ HORIZONTAL TAIL BEAMS /
BEAM M54 TO NB0OOL 356 401 0. 0. O. 100. O¢ 100. /
BEAM N80O02 401 402 0. 0. 0+ 1a330 0. <5635
0. 0o 0. 1.033 0. 427 /
BEAM NBQOQG2 402 403 C. 0. 0s 1033 0. <427
0. 0. 0. 7418 0. 2949 /
BEAM N8Q0C4 403 404 0. 0o O0e 47418 0o 2949
O, Os O, .4873 0. o181 /
BEAM NBOCS 404 405 Q. Oe D4 44873 0. 181
Q. 0. 0. L2825 0. .0981 /
8EAM N8006 405 406 CGe 0. 0. 2825 0. .0981
0. 0. 0. 1575 0. 04856 /
BEAM N80Q7 406 407 0. Os 0os <1575 0, <0485
0. 0. 0 L0775 Ue 02286 /
BEAM N8Q0O8 407 408 0. 0. 0. 0775 0. .0228
0. 0. 0. .03 Q. 00762 /
END ELEMENT CATA /
END STIFFNESS DATA /
BEGIN MASS CATaA /
BEGIN CONCITION CATA /
STAGE 1 CONDITION L QO Q 1 /
END CONDITION DATA /
BEGIN MASS ELEMENT DATA /
*/ FUSELAGE MASSES /
SCALAR F2 N326 326 29.3 /
SCALAR F2 N328 328 35.7 /
SCALAR F2 N330 330 42.6 /
SCALAR F2 N243 243 56.5 /
SCALAR F2 N246 246 30.2 /
SCALAR  F2 N247 247 30.3 /
SCALAR F2 N332 1332 18.0 /
END MASS ELEMENT DaATA /
BEGIN CONCENTRATEC MASS DATA 1 /
*/ FUSELAGE WEIGHTS /
CM302 304 302 2.4 /
CM304¢ 304 304 27.2 /
Cm306 304 306 1l.3 /
CM308 310 308 16.4 /
CM310 310 310 18.5 /
CM312 310 312 19.0 /
CM314 316 314 24.8 /
CM316 316 316 18.7 /
CM218 3le 318 18.2 /
CM320 322 320 21.8 /
CM322 322 322 29.6 /
CM324 322 324 36.8 /
CM336 338 33¢ 1l0.8 /
CM338 338 338 221.0 Q. 57450, /
CM342 344 342 1l1.0 /
CM346 344 346 1l.8 /
CM350 352 350 lé.l 0. .01 /
CM354 356 354 17.8 /
CM35¢ 356 356 15.6 /
CM360 360 360 36.1 0. 01 /
CM362 3¢é4 362 12.9 /
CH36¢ 364 366 5.9 /
®/ HCRIZONTAL TAIL WEIGHTS /
CM4all 401 411 I=HT 1.920 11.406 2.56 /
CM4l2 402 412 IaHT 1.588 19544 2,12 /
CM413 403 413 IaHT 1,335 15.3¢8 1.7 /
CMalée 404 414 IaMT 1,080 11.482 lese /
CM4l5 4G5 415 14HT 0.868 84627 1l.16 /
CM4l6 406 416 IsHT 0.772 6.623 0.9 /
CH4l7 407 417 [I=HT 0.5:3 4,587 0.7« /
CM4LlB 408 4198 IaHT 0.245 1.662 0.33 /
ENC CONCENTRATEC MASS DATA /
END MASS DATA /
205.14
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BEGINn SUBSET DEFINITION /
SUBSETS QF STIFEFNESS SET L /

Nl = ALL /

N2 = 242 TO 247 302 TO 366 / FUSELAGE NODES

N3 = 01 TO 4l8 352 TO 360 / MHORIZ. TAIL NODES
N4 = 1 TO 169 By 2 / UPPER WING SURFACE

N5 = 2 TO 170 BY 2 13 TO 133 8Y 20 / LOWER WING SURFACE
N6 = LT4 TO 247 / WING=BOOY

£1 = ALL /

E2 = CLOSED IN N2 /

€3 = CLOSED IN N3 /

E4 = CLOSED IN N& /

E5 = CLOSED IN NS/

E6 = CLOSED IN N&o /

ONl = 304 310 316 322 328 165 145 143 141 TO 1 BY =20 ¢

3 TO 143 8Y 20 145 TO 5 BY =20 7 TO 1467 BY 20 +

169 TQ § B8Y =20 11 TO 131 8y 20 133 TO 13 BY =20 +

11 70 1 By -2 21 7O 33 B8y 2 53 TO 4! dY -2 61 TO 73 8Y 2 +

93 TO 81 BY =2 101 TO 113 8y 2 ¢

133 10 121 BY =2 141 TO 149 BY 2 169 167 165 328 243 109 243 +

247 338 344 352 356 360 364 360 356 401 TO 408 /

END SUBSET CCFINITION /

ENO PROBLEM DATA /

205.15
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Table 205-1. Natural Frequencies

for FIREBLE Drone

Moude Frequency
No. (Hextz) Description
1 0. Rigid bodv
2 0. Rigid bciiy
3 10.55 wing bending
4 17.41 Fuselage bending
5 42.86 Fuselage bending
6 46.15 Wing bending
? 52.81 Wing twisting
8 63.76 Horizontal tail
bending
9 73.05 Coupled wing,
fuselage and tail
10 106.3 Wing twisting
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Figure 205-1.

Total FIREBEE Structural Model
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Figure 205-2.

e

mn
ne
uz
N4
ue
ne
m
]

e

e

ns
kLY

320 x

24
248

248
247

34
338

k)

340
e
a4
348

30
%0

52

54
iss

%0

K0

2
M

Fuselage Model, FIREBEE Drone

- -

Wb e s



Figure 205-3. Wing Upper Surface Model, FIREBEE Drone
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Figure 205-4. Wiig Lower Surface Model, FIREBEE Drone
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Figure 205-5. Wing-Body Intersection Model, FIREBEE Drone
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Figure 205-6. Horizontal Tail Model, FIREBEE Drone
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Figure 205-7.
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Fourth Mode Shape, FIREBEE Drone
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FREQUENCY = 46.154¢

Figure 205-8. Sixth Mode Shape, FIREBEE Drone
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206. BEAM VIBRATION (DECK 8)

206.1 DESCRIPTION OF ANALYSES

This problem demonstrates the various ATLAS mass matrix
generation capabilities by using models of two cantilever beams:

e A beam with a straight elastic axis,
uniform stiffness properties and
concentrated masses offset from the elastic axis

« A beam of constant width and
linearly varying depth along its span

206.1.1 Beam with Offset Concentrated Masses

The stiffness of this structure is modelled in two ways, both
employing BEAM stiffness finite elements and concentrated masses:

o Structural nodes are located at the concentrated mass
locations and the BEAMs are offset to the elastic
axis. This model, SET 1, is shown in figqure 206-1

e Structural nodes are located along the elastic axis
and the concentrated masses are offset. This model,
SET 2, is shown in fiqure 206-2

Four different mass matrices are calculated for each of these
stiffness models and a normal mode analysis performed with each.
The mass matrices used are:

¢ Guyan reduced mass matrix considering only the
concentrated masses

e Guyan reduced mass matrix considering only the mass
of the stiffness model

e Guyan reduced mass matrix considering both concentrated
masses and stiffness element mass

e Reduced mass matrices produc:d directly by the Mass
Processor considering only the concentrated masses

In all cases the retained freedoms are the translation in the
Z-direction and rotations about the X and Y axes.

206.1
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206.1.2 Tapered Beam

The structure analyzed is shown in figure 206-3. The
stiffness of the structure is modelled in two ways: (1) with
BEAM elements and (2) with 20-node BRICK elements.

The BEAM model, SET 3, is shown in figure 206-4. Three
different mass matrices are calculated using the mass of the
stiffness elements and normal mode analyses performed. The mass
matrices used are:

« Guyan reduced mass matrix

o Diagonal mass matrix produced directly by the
Mass Processor

» Nondiagonal mass matrix produced directly by
the Mass Processoy

For all three analyses the retained degrees of freedom are
translation in the Z-direction and rotation about the Y axis.

The BRiCK model, SET 4, is shown in figure 206-5. The mass
matrix is obtained by Guyan reduction from the merged consistent
elemental matrices. The retained degrees of freedo— are the X-
and Z-direction translations at. the BRTYCK corner nodes.

206.2 RESULTS

206.2.1 Beam with Offset Concentrated Masses

First mode frequencies for the eight vibration analyses are
presented in table 206-71. It can be seen that, as expected,
identical results are obtained from SET 1 and SET 2 when the same
procedure 1is used to generate the mass matrix. Frequencies for
the beam without concentrated masses are compared with exact
values in table 206-2. The fourth mode shape for this case is
compared with the exact shape in figure 206-6. Exact values for
frequency and mode shape were obtained using the methods ot
reference 206-1.

206.2.2 Tapered Beam

Frequencies obtained from the thre= BEAM element analyses and
the BRICK element analysis are compared with exact values given
in reference 206-2 in table 206-3. The mode shape for the third
mode is shown in figure 206-7 for the BEAM element stiffness
model and Guyan reduced mass matrix.
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206.3 LISTING OF CONTROL PROGRAM AND DATA

OO0

[aXaXal

[aXaR al

[a N alal

BEGIN COMTROL PROGRAM DEMOOS
PROBLEM [D(OEMOOB ~ VIBRATION ANALYSES WITH VARIOUS MASS MATRICES)

PURPOSE THE PRINCEPAL CAPABILITIES DEMONSTRATED 8Y THIS
DECK ARE

le DIAGONAL REDUCED MASS MATRIX GENERATED BY
MASS PROCESSOR

2o NON=DIAGONAL REQOUCED MASS MATRI'. GENERATED
BY MASS PRUCESSOR

3. GUYAN-RECUCED MASS MATRIX

4e VIBRATION ANALYSES USING BCTH REDUCED
STIFFNESS AND REDUCED FLEXIBILITY MATRICES

AUTHOR Fe Po GRAY
CORE 130K (OCTALY
READ INPUT

UNIFORMN 8 E AN WlTH OFF SET NASSES

PRINT INPUTINODAL) .. .

PRINT INPUT(STIFFNESS)

PRINT INPUTIMASS)

EXECUTE EXTRACT{EXNAME=SET 1,LSUB=KGRID,ESUS=E]1 NSUS=NL)

EXECUTE GRAPHICS(GNAME=GEOM,OFFLINE=CALLOMP(V]IEW=100,TYPE=ORT h,
X SIZE=120. 42040 +LABEL =N#E,EXNBAME=SET])

GUYAN REQUCED MASS MATREIXy STIFFNESS ELEMENTS ONLY

PERFORM RECUCE{SET=1)

PRINT INPUT(BCH

EXECUTE VIBRATIONISTIF=KRED,MASS=MREDNFREQS=10,5ET=1}

PRINT OUTPUT(VIBRATION)

PRINT INPUT(NODAL ,SET=21

PRINT INPUTUSTIFFNESSsSET=2)

PRINT INPUT(MASS,SET=2)

EXECUTE EXTRACT({EXNAME=SET2,.L5UB=KGRIDXSET=2, ESUS=E1,NSUB=N1)}
EXECUTF GRAPHICSIGNAME=GEOMyVI==)l JYPE=ORTH,LABEL=N+E,
X SIZE=(204+20.) sEXNAME=SET2)

OERFORM RECUCELSET=2)

PRINT INPUT(BC,SET=2)

EXECUTE VIBRATION(STIF=KRED,MASS=MRED NFRECS=)10,5ET=2,V5ET=2,
X SUBSETS=N2)

PRINY OQUTPUT{VIBRATION,¥SET=2)

EXECUTE EXTRACT (" XNAME=NOOE4 LSUB=VHMIDEVSET=22 ¢ NSUB=NZ, MODE=4,
X bLUB=0ON1)

EXECUTE GRAPHICSIGNAME=NODES +TYPESORIH,VECTORZ=VY4O0E,SCALE=D. 1,
} 4 VSCALE=]15,VX85,VY==70,EXNAME=»HODES)

SAME ANALYSIS USING REDUCED S FXIBILITY MATRIX

EXECUTE CHOLESKY(DECDKRED=DKRED)

EXECUTE CHOLESKY{IFOR,DKRED,DFRED)

EXECUTE MULTIPLY(FRED=[DFRED(T)*DFRED))

EXECUTE VIBRATION(FLEX=FRED,MASS=MRED,NFFEQS=10,5E6T%2,VSETn2)
PRINT OUTPUT{VIBRATION,VSET=2}

PURGE FILES{MASSRAF}

GUYAN REDUCED MASS MATR1KL, CONCENTRATED MASSES OMLY

ORIGINAL PAGE |5
POOR QUALTY
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[aXaXe]

PERFURM REDUCE(SET=1,(4)=(4s STIFELEM=O],

1 [MASS)=[MASS CCNMASS=1])

EXECUTE VIBRATION(STIFsKRED,MASS=MRED4NFREQS=10ySET=])
PRINT OQUTPUTIVIBRATION)
PERFORM REQUCE(SET=2,(4])=[ 4, STIFELEN=0],

1 CMASS)=(MASS,CONMASS=1])

EXECUTE VIBRATION(STIF=KRED)MASS=MREDNFRECS=10,ySET=2,VSET=2)
PRINT OUTPUT(VIBRATION,VSET=2)
PURGE FILES(MASSRNF)

GUYAN REDUCED MASS MATRIX, STIFFNESS ELEMENTS + CONCENTRATED MASS

PERFORM REDUCE(SET=Ll,{M2SS)=[MASS,CONMASS=1])

EXECUTE VIBRATIONUISTIFaKRED,MASS=MRED¢NFREQS=10,SET=})

PRINT OUTPUT(VIBRAT(ON)

PERFORM RECUCE(SET=2,[MASSI=([MASS ,CONMASS=1])

EXECUTE VIBRATION(STIF=KRED MASS=MREDNFREQS=10,5ET=2,VSET=2)
PRINT QUTPUT(VIBRATION,VSET=2)

PURGE FILES(MASSRNF)

OIAGONAL MASS MATRIX, CONCENTRATED MASSES ONLY

PERFORM K-REDUCE

EXECUTE MASS(SET=1,0PTION=2)

EXECUTE VIBRATION(STIF=KRED,MASS=MDCOOLA NFREQS=10,SET=1)
PRINT QUTPUTI(VIBRATIUN)

NON-ODIAGONAL MASS MATKIX, CONCENTRATED MASSES ONLY

PURGE FILES(MASSRNF)

PERFORM K~-REDUCE(SET=2)

EXECUTE MASS(SET=2,0PTION=3)

EXECUTE VIGRATION(STIF=KRED,MASS=MDCUO1B ¢NFREQS=10,SET=2,VSET=2)
PRINT QUTPUTI(VIGBRATIGON,VSET=2)

TAPERESD BEAM

8EAM ELEMENTS = GUYAN REDUCSD MASS MATRIX
PRINT INPUT(NODAL,SET=3}

PRINT INPUT(STIFFNESS¢SET=3)

EXECUTE EXTRACT{EXNAME=SET3,LSUB=KGRIDWKSET=23,ESUB=ELl,NSUB=N])
EXECUTE GRAPHICS{GNAME=GEOM, VIEW=100, TYPE=LRTA,LABEL =N,

X SIZE=(20,+204) +EXNAME=SET3)

PERFORM REDUCE(SET=3)

PRINT INPUT(BC,5ET=3)

EXECUTE VIBRATIUN(STIF=KRED+MASS=MRED NFREQS=10,SET=3,VSET=3)
PRINT OUTPUT(VIBRATION,VScT=3)

BEAM ELEMENTS <~ DIAGONAL MASS MATRIX

EXECUTE MASS{SET=3,0PTION=2)
EXECUTE VIBRATION(STIF=KRED+MASS=MDCU0LC NFREQS=10,S5SET=3,VSET=3)
PRINT OUTPUT(VIBRATION,VSET=3)

BEAM ELEMENTS = NON-DIAGONAL MASS MATRIX

EXECUTE MASS(SET=3,CPTION=3)

EXECUTE VIBRATION(STIF=KRED/MASS=MDCOOLC,NFREQS=10,5ET=3,VSET=3)

PRINT OUTPUT(VIBRATIONsVSET=3,NOGSTIF ¢NOGMASS)

EXECUTE EXTRACT(EXNAME=NMOOE3,LSUB=VMUDE,VSET=3,M00L=3,85U320N1 "

EXECUTE GRAPHICS(GNAME=MOOES,TYPE=DRTH,VIEW=1000,VECTOR22VMODE »
SCALE=N,1yVSCALE=25, +EXNAME=MOLE3)

BRICK ELEMENTS ~ GUYAN REDUCED MASS MATRIX

PRINT INPUT(NODAL 5ET=4)

PRINT INPUT(STIFFNESS,SET=4)

EXECUTE EXTRACTIEXNAME=SET 4y LSUB=KGRIDIKSET=4,ESUB=E] 4NSUB=NL}
EXECUTE GRAPHICS(GNAME=GEOMs TYPESORTH,LABEL=E,SIZE2(20,20),

X RZ260RX20,RY=30,EXNAMERSETS)
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PERFORM RECUCE(SET=4)
PRINT INPUT(BC,SET=4)

EXECUTE VIBRATION(STIF=KRED yMASSaMRED¢NFREQS=L10ySET=4,VSET299)

PRINT QUTPUTUIVIBRATIONWSET=59
CALL PRNTCAT
INCEX FILESUDATARNF ' IBRRNF)

END
s/
*/
*/ UNIFORM BEAMN WwilTH UFFSET
v/

s/ STRUCTURAL NODES AT CONCENTRATED MASS LOCATIUNS
»/
BEGIN NOOAL OATA /
1 0e 0s 00 TO 15 70. 5. 00 /
21 o. 8' o. ,
22 4o 1. Ca /
23 11. 1. 0.
24 17. 4. 0.
25 23. 6. 0.
26 26+ 4. 0.
27 31. 3. C.
28 34. 7. 0.
29 39. 6. 0.
30 47. 4. Q.
31 51. 3. Q.
32 54 2. 0.
33 60. 4. 0.
34 b6. 6o 0.
35 7l. 6+ Q.
END NUDAL DATA /
BEGIN STIFFNESS DATA /
BEGIN ELEMENT DATA /
BEAM 21 22 1 2 le 0o O« +15 415 o2C TO 34 35 14 15 /
END ELEMENT DATA /
END STIFFNESS DATA /
BEGIN MASS DATA /
BEGIN CONOITION DATA /
STAGE 1 CONDITION 1 O 01 /
END CONOITION (OATA /

BEGIN CONCENTRATEC MASS DATA 1 /

21 1.0 #=3 /

22 245 4¢ 4o 44 /
3413 1 -1 #23 /

CND CONCENTRATELC MASS CATA /
ENC MASS CATA /
BEGIN BC DATA /
SUPPORT TX TY TZ RX RY RZ FUk 21 /
RETAIN T1Z RX RY FOR 22 TO 35 /
ENO 8C DATA /
s/
s/ STRUCTURAL NODES ALONG ELASTIC AXIS
*/
BEGIN NODAL CATA /
SET 2 /
1 0, 0. 0. TO 15 70, 54 Ja /
21 0. al o. /
22 4o Te Q. /
23 11. 7. 0.
26 17. “. 0'
25 23. 5. 0O.
26 26. 4. O,
27 2l. 3. 0.
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20 34. 7.
29 39. 6.
30 4T, 4.
31 51. 3.
32 54. 2.
33 60. 4.
34 €6. bo
35 7i. 6.
END NOCAL

SET 2 /

MN NN NNNSN.

DATA
BEGIN STIFFNESS DATA /

/

BEGIN ELEMENT DATA /
BEAM 1 2 1.0 0O.

END E.EMENT DATA
ENU STIFFNESS DATaA
BEGIN MASS DATA

SET 2

/

0-

«15 <15 .20 TO L4 15

/
/
/

BEGIN CONDITION DATA

/

STAGE 1 CONDITION 1 0 0 1 /
ENC CONDITION DATA /
3EGIN CONCENTRATED MASS DATA L s
1 21 1.0 #=3 /
2 22 2.5 4e 44 4o /
*+13 1 1 ~.]1 23 /
ENC CONCENTRATED MASS DATA 'y
END MASS DATA /
BEGIN BC DATA /
SET 2 /
SUPPORT TX TY TZ RX RY RZ FOR | /
RETAIN TZ RX RY FOR 2 TJ 15 /
END BC DATA /
*/
*/
¢/ T APERED BEAM
*/
*/ BEAM ELEMENT MODEL
*/
BEGIN NOUAL CATA /
SET 3 /
100 0. 0. Q. TO 120 100. 0. 0.
ENC NOCAL DATA /
BEGIN STIFFNESS DATA /
SET 3 /
BEGIN ELEMENT DaATA /
BEAM 100 }0Ol 10. O. O« O. 0. 63,3333
101 .02 S.6 4 73.728
* 102 103 5.2 L 6448907
* 103 104 8.8 *4 56.7853
® 104 105 8.4 4 49,3920
* 105 106 8.0 x4 42.66067
* 106 107 7.6 4 36,5413
* 407 108 7.2 *4 31.1040
* 1C8 109 6.8 *4 26,2027
* 109 110 6.4 L 31.8452
* 110 111 6.0 4 18.0000
* 111 112 5.6 4 14.6347
¢ 112 113 5,2 "% 21.7173
* 113 114 4.8 % 9.216
2 114 1!5 4.4 *y 7.0987
¢ 115 1156 440 *y 5.3333
* 116 117 3.6 *4 3.8880
* 117 118 3.2 . 2.7307
& 118 119 2.8 . 1.8293
* 119 120 2.4 *% l.1520
END ELEMENT CATA /
END STIFFNESS DATA /
BEGIN BC DATA /
SET 3 /
RETAIN TZ RY FOR 102 TO 120 8Y 2 /

SUPPORY

END BC DATA
BEGIN MASS CATA

SET 3

/

/

/

TX TY T2 RX RY RLZ FUR .00

/
9.6 0. O
S.2 *4
8.8 *4
8.4 *s
8,0 4
7.0 *5
Te2 *%
a8 LR
S5e4 %
540 5
S.b ‘“
5.2 s
4.8 %
e %4
4.0 %
3.6 4
3.2 *%
2.8 %
244 e
2.0 *4
206.6

Ne

0.

73.728
64.99°7
56.7893
49..920
42,6667
36.5813
31.1041
26.2027
21.3453
18.0000
14.6367
11.7173
¢ 2160

T.0987

5.3323

3.8880
2473017

1,8293
l.1522
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BEGIN CONCITIUN DATA
STAGE 1 CONDITION 1

ENO CONOITION DATA

/

2.
120
220
320
€20
510
610
710
810

/

/
/

’

0. O.
100.
10V.
100,
100.
100.
100.
100.
100.

END MASS DATA

s/

*/ BRICK ELEMENT MUODEL
*/

BEGIN NODAL DATA

SEY 4 7

REC JUNK 1. O« 0.

100 0. =.> S« Y0

200 0. .5 5. 10

300 0. «5 =5. 10

400 0, =5 =5, TO

500 0. O. 5. T0

600 0. .5 0. TO

700 Q. 0. =5. TO

800 0 .5 0. 10

ENC X' C . DATA

BEGIN 5>.IFFNESS DATA /
SET & /

BEGIN ELEMENT DATA /
BRICK

1C0 200 300 400 102 202 302 402
501 601 701 801 101 201 3¢1 401

49 0 2 ®=7 ] ¢=7 [ »=3
ENC ELEMENT CATA
END STIFFNESS CATa /
SEGIN B8C DATA

SET

4

/

/

/

QRDER RETAIN BY INTERNALID
RETAIN

3

SUBSETS

SUBSETS

0

7]
-5
«5
.3
-5
Ue
5
0.
=a5

/

o.
l.
l.

-1l.

-1l.
l.
0.

-l.
O.

TX TZ FOR 102 TO 120 BY 2
¢z3 10 0 160 0 0
SUPPORT Tx Ty TZ RX RY RZ FOR 100 TO 800 BY 100 /
SUPPORT Ty FOR 100 TO loOOC
ENC 3C DATA
BEGIN SUBSET DEFINITION

N1 = ALL

El = ALL

N1 = ALL
El = ALL
N2 = 1 T0 15

ONl = 2 TG 15
SUBSETS OF STIFFNESS SET 3
N1 = ALL

El = ALL

ONl = 102 TO 120 8y 2
SUBSETS OF STIFFNESS SET 4
Nl = ALL

ElL = ALL

ENC SUBSET OEFINITION
ENO PROBLEM CATA /

OF STIFFNESS SET 1

OF STIFFNESS SET 2

/

1.

NN N NN NN,

500 600 700 800
/
/

/
/
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Table 206-1. First Mode Frequencies for
Uniform Beam with Offset Masses

Mass Matrix

Stiffness Model

SET 1 SET 2
Concentrated
-~ masses only .5.518 179 5.518 179

3
= Stiffness elements
o only 10.182 41 10.182 41
8
5 Concentrated masses

+ Stiffness elements 4.852 565 4.852 565
Concentrated masses only
produced by Mass Processor 5.518 179 5.518 179

Frequencies in Hertz

206.8
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Table 206-2. Natural Frequencies of
Uniform Beam without Concentrated
Masses
N &
(1) (4)
Frequency (Hertz)
Difference
Mode
(2) (3) (3)-(2) & ;00
No. Exact ATLAS (2)
(%)
1 10.181 5 10.182 0.0
2 63.806 4 63.584 -0.3
3 178.660 176 .658 -1.1
4 350.108 341.924 -2.3
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Table 206-3.

Natural Frequencies of Tapered Beam

Frequency (Hertz)

Stifrness Mass Mode 1 Mode 2 Mode 3
Mode!? Matrix fexact=39.5]96 fexact.']“'gal fe“ct-339.566
ATLAS ZError ATLAS XError ATLAS %Error
Diagonal
BEAM Lumped 39.1177 -1.0 138.441 -4.5 307.584 -9.4
Non-Diagonal
BEAM Lumped 39.5951 0.2 144.394 -0.4 332.875 -2.0
BEAM Guyan 39.5294 0.0 144,566 -0.3 336.253 -1.0
BRICK Guyan 41.4888 6.2 150.553 3.9 347.329 2]
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Figure 206-I.

l . X Material =Mi

Beam Model with Structural Nodes at Concentrated Mass
C.G.'s (SET I)
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206-2.

X Material=M|

-28
o35 28 «34

Beam Model with Structural Nodes at Elastic Axis (SET 2)
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BRICK Element Model of Tapered Beam (SET 4)
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FREQUENCY=s  241.924

Figure 206-6. Fourth Mode Shape, Uniform Beam without
Concentrated Masses ( SET 2 )
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Figure 206-7. Third Mode Shape, Tapered Beam (SET 3)
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207. BUCKLING AND SUPERPUSITIUN (DECK 13)

207.1 DESCRIPTION OF ANALYSES

Two separate analyses are performed in this demonstration
problem. The first is a buckling analysis and the second is a
stress analysis demonstrating the ATLAS superposition capability.

Buckling loads are calculated for a plane frame with equal
concentrated loads at the colum tops. The model and loading are
shown in figure 207-1. Translations in the X and Y-directions
and rotation about the Z axis are retained at all nodes except
where a freedom is supported.

Superposition is demonstrated by performing a stress analysis
of the structure in figure 207-1 loaded as shown in figure 207-2
in two ways. The first analysis is performed using the total
model and total 1loads as shown in figure 207-2. The second
analysis takes advantage of the symmetry of the structure. SET 2
is defined as shown in figure 207-3. STAGE 1 is defined to have
symmetry on section A-A with the symmetric load components
applied. STAGE 2 is defined to have antisymmetry on section A-A
with the antisymmetric load components applied. The total
solution is obtained by adding 5 times the solution from STAGE 1
to 2 times the solution from STAGE 2.

In addition tO the two analysis capabilities described &’
this problem is used to demonstrate the capability to produc:-
graphs of element stress vs. load case and plots of
displacements. Four loadcases were added to SET 1 to demonstrate
stress vs. loadcase graphs (BEAM1, BEAM2, BEAM3 and BEAMY).

These cases consist of distributed loading along part or all of
the horizontal beam. To demonstrate displacement plots loadcase
MOVE1 was added. This case consists of a unit displacement in
the X-direction at node 1.

207.2 RESULTIS

Critical buckling loads for the first six modes were
calculated and are presented in table 207-1., Also presented are
analytical solutions obtained using the techniques of reference
207-1. The buckled shape for the third mode is shown in figure
207-4 along with the shape obtained using the techniques of
reference 207-1.

Nodal displacements and element stresses calculated by

superimposing STAGES 1 and 2 of SET 2 are identical to those
calculated from SiT 1 within the accuracy ot the computer.

207.1
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Figure 207-5 prezents a graph of bending moment at the left
end of the beam vs. .ioaicase for loadcases BEAM1 through BEAM4,

Displacements due to motion of the left support are shown in
figqure 207-6.
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3 LISTING OF CONTROL PROGRAM AND DATA

B8EGIN CONTROL PROGRAM DEMO!S
PROBLEM [D(CEMOL3 = AUCKLING AND SUPERPQSITION}

PURPUSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS
DECK ARE
le BUCKLING
2. SUPERPGSITION
3. PLOTS OF BUCKLING MODE SHAPES
4. PLOTS CF STRESS VS. LOADCASE
5. PLOTS GF STATIC DISPLACEMENTS

AUTHOR R. A. SAMUEL
CORE 130k (QCTAL)

READ INPUTINMCOEZ2)

PRINT INPUT{AQDAL)

PRINT INPUT(STIFFAESS)

PRINT INPUTINODAL ,SET=2)

PRINT INPUT(STIFFNESS.SET=2)

EXECUTE EXTRACLTIEXNAME=TOTAL,LSUS=KGR10Ds ESUB=EL 4NSUB=N])
EXECUTE GRAPHICS{GNIME=GEJME TRY JOFFLINExCALCOMP, VIEW=100,

X TYPE=ORTH LABEL2N®E, SIZE=(10,15) ,EXNAME=TOTAL)

EXECUTE EXTRACT{EXNAME=MALF,LSU3=KGRID,ESUB=EL NSUB=N]L,XSEY=2)
EXECUTE GRAPHICSIGNAME=GEQME TRY JVIEN=100,TYPE=ORTH, LAGEL=N®E,

X SIZE=110,15) sEXNAME=HALF)

[aXaNalal

X

X
X

X

X

BUCKLING A KD STRESS ANALYSES
SET 1

PERFORMN R-STRESS

PRINT INPLT(BC)

PRINT QUTPUT(LOADS,L2~L21)

PRINTY QUTPUT(DISP)

PRINT QUTPUTLSTRESS)

EXECUTE EXTRACTIEXNAME=BEAMS L SUB=STRESSLCaBEAML TO BEAMA,

ESUB=E2,NSUB=N])

EXECUTE GRAPHICS(GNAME=NOMENT ,TYPE=GRAPH X=LC,YL=8MMZ(L),
XMIN=] JXMAXZG6, YIMIN=O, » YINAX=40, s SIZE=(10,10),
EXNAME=REANS)

EXECUTE EXTRACTIEXNAME=DEFL,LSUB=DISGRID,ESUB=E]l 4 NSUB=N],

LC=MQOVEL)
EXECUTE GRAPHICSIGNAME=DISPL TYPE=ORTH,SCALE= ,2,VIEA=100,
VECTOR23DISP,VSCALE=L.EXNAME=DEFL)

EXECUTE STIFFNESSILC=COLMLDB5ET=])

EXECUTE MERGE(GSTIF,B8SET=],KG22=222)

EXECUTE BUCKLINGISTIF=KRED KG=2KG22,8SET=1)

PRINT OQUTPUTIBUCKLING+.8SET=1)

[aNaRalal

EXECUTE EXTRACT(EXNAME=MODE3 ¢LSUB=BMUINE.BSET=]1,MODE=3,BSUB=0N1)
EXECUTE GRAPHICSIGNAME=BUCKL ING, TYPE=ORTH, VIEW=100,
SCALE=a2,VECTOR2=9MJIDE, VSCALE=3,.,
EXNA MESMOODE 32

STRESS

A S - SET 2
tSUPE

N A 1
R P T1O0N)

tys
6s1
PURGE FILESIMERGRNF ¢ MULTRNF , CHOLRNF)
PERFORM STRESS(ISET=2)

PRINT INPUT(BC,SET=2,STAGE=]1)

PRINT QUTPUTILOADS,SET=24L1=L11)
PURGE FILES{MERGRNF s MULTRNF  CHOLRNF)

PERFORM STRESS(SET=2,STAGE=2) 0,9/
PRINT INPUT(BC,SETa2,STAGE=2) DN 8,
PRINT QUTPUT(LOADS,SET=2,STAGE=2,L1oL11) 4;9
(4
» %
00 (&)
%
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EXECUTE STRESS(SET=2, SURPSTAGE=3)
PRINT QUTPUTLOISP SET=2,STAGE=I)
PRINT OUTPUT(STRESSSET®2+STAGE=3)
ENO CONTRCGL PROGRAM

BEGIN NODAL DATA
SET 1 7/ COMPLETE MOOEL
1 0. 0. 0. T0 L] 0. 12. 0.
“ T0 8 24, 12. 0.
8 TO 11 24. Q. 0.
REORDER FROM =)
SET 2 7/ HALF MOOEL
1 0. 0. 0. T0 L Q. 12. 0.
4 0 & 12. 12. 0.
RECROER FROM =1
END NOCAL DATA
BEGIN STIFFNESS DATA
SET 1 7 COMPLETE MODEL
BEGIN ELEMENT DATA
BEAM N1 1 2 11 10000. 14 TO N3 3 4 11
8EAM N4 4 5 11 10000. 24 TO N7 7 8 11
BEAM N8 8 5 1 10000. 1o TO NI1J 1011 1
END ELEMENT DATS
SET 2 / HALF MCOEL
BEGIN ELEMENT CATA
BEAM N1 1 2 6 10000. 1s TO
BEAM N4 ¢ S 1 10000. 2, 7O
END ELEMENT DATA
END STIFFNESS DATA
BEGIN BC DATA
SET 1 STAGE 1 / 3C FOR BUCKLING AND STRESS ANALYSES

22
W w
v w
[ 2 )
-

SUPPORT TX TY FOrR 1 11
RETAIN TX Yy RZ FOR 2 10 W0
RETAIN RZ FOR 1 11
SET 2 STAGE 1 / SYMMETRIC BC
SUPPORT TXx Ty FUR 1

SUPPORT ASYM IN SURFACE 1 THROUGH o
SET 2 STAGE 2 7/ ANTISYNMETRIC 8C

SUPPORTY TXx Ty FOR 1
SUPPORT SYMM IN SURFACE 1 THROUGH 6
END BC DATA

BEGIN LOADS CATA
SET 1 STAGE 1
L0OAD CASE IC COLMLO #*#UNIT LOAD CONDITION FOR BUCKL ING AMALYSISS
LOAD CASE ID TOTAL *$LUAD CASE FOR SUPERPUSITION DEMONSTRATIONS
LCAD CASE IC BEAM] *$1 LB/INCH LOAD ON BEAM 4 *
LOAD CASE I0 3EAMZ *#] LBJZINCH LOAD ON BEAMS 4 4ND 5 *
LOAC CASE ID BEAM3 =31 LB/INCH LOAD ON OBEAMS %, 5 AND & *
LOAD CASE IC BEAMG =*#l LB/ZINCH LOAD ON BEAMS 44 5S¢ 6 AND 7%
LOAD CASE ID MOVEL *#UNIT X DISPLACEMENT AT NOCE 1#
BEGIN NODAL LOAD DATA
CASE COLMLD
4 8 FY ~le
CASE TQT".
4 Fx 1. FYy =3,
38 FX =3, FY ‘7.
ENC NODAL LOAD OATA
BEGIN ELEMENT LCAD OATA
DIRECTION 0. l. O.
CASE BEAML
4 l.

207.4
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CASE BEAM2
45 1.
CASE B8EAN3
4561,
CASE BEAMS
4 TQa7 1.
ENC ELEMENT LOAC DATA
BEGIN SUPPORY CISPLACEMENT DATA
CASE MOVEL
L IX l.
END SUPPORT CISPLACEMENT DATA
SEV 2 STAGE 1
LOAD CASE 10 SYNPAKRT ¢sSYMMETRIC PART CF LOADCASE TOTALS
BEGIN NODAL LOZD DATA
CASE SYMPART
4 FX b FY =l.
ENC NODAL LOAD CaTa
SET 2 STAGE 2
LOAD CASE ID ASPPART ®eANTISYMMETRIC PART OF LOADCASE TOTALS
SEGIN NUDAL LOAC 0ATA
CASE ASMPARY
& Fx =,5 FY 1.
ENC NOOAL LOAD DATA
tNO LOADS OATA
REGINM STRESS DATA
SET 2
SUPSTAGE 3
TOTAL 1 Se SYMPART , 2 2. ASNPART
LOAD CASE ID TOTAL ®¢SAME AS LOADCASE TUTAL IN SET 1 ¢
END STRESS DATA
SEGIN SUBSET DEFINITION
SUBSETS OF STIFFNESS SET 1
El = ALL
E2 = &
Nl = ALL
ONL = ) ®=]0+)
SUBSETS OF STIFFNESS SEV 2
El = ALL
N1l = ALL
END SUBSET DEFINITION
tNDO PROBLEM DATA



Table 207-1. Critical load Values
for Plane Frame

n (2) 3) (&) <
Mode K K {E%:;El x 100
‘-ef. 207-1) :
1.349 553 -
2 3.590 681 3.594 686 0.1
3 4.111 618 4.118 577 0.2
4 6.566 437 6.638 602 1.1
5 6.992 352 7.073 246 1.2
6 9.625 433 10.654 702 10.7 d
pg.k;u

4
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Figuce 207-1. Structural Model and Loading for Buckling Analysis

(SET 1)
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Figure 207-2. Loading for Superposition Demonstration
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Figure 207-3. Half-Models for Superposition Demonstration (SET 2)
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MODE SHAPE NO. 3

Ref- 207"- . )
d /—ATLAS "

\\L— Undeformed

EIG.VALUE= .123E+07

Figure 207-4. Buckled Shape for Third Mode of Frame
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Figure 207-6. Frame Displacements Due to Support Motion
(Loadcase MOVE|)

207.12



e g Vil

N O IO op e st mmorrores o 1y m i e L e ‘ — -

208. FUEL AND PAYLOAD MANAGEMENT (DECR 16)

208.1 DESCRIPTION OF ANALYSIS

This problem demonstrates the ATLAS capabilities for
calculating weights based upon user specified management
sequences for fuel and payload.

The mass model is shown in figure 208-1; no stiffness element
model is used. Locations of the fuel tanks and body cargo holds
are shown in figure 208-2. Passenger seating is two abreast in
the half airplane model spaced at 1.02 m (40 in).

The first fuel manayement sequence is as follows:

« The tanks are loaded until not quite full such that the
weight ratio of tanks 11 and 12 is 4:3 and tanks 21
and 22 is 1:1

e Fuel is used from tanks 11 and 12 in proportion to
their weights until their total equals the total of
tanks 21, 22 and 31

o All fuel in tank 12 is transferred to tank 11

» Fuel is used from tanks 11, 21 and 22 at rates in the
ratio of 2:1:1 until the weight of fuel in tank 21 is
6803.9kg (15 000 1b)

e Fuel is used from tanks 11, 21 and 31 in rough
proportion to their weights until all are empty

The second sequence loads all tanks until full to demonstrate the
system's ability to calculate fuel capacities.

The payload sequence specifies that the cargo holds are
partially loaded from the bottom with the forward hold being
loaded before the aft hold. Passengers are loaded from each end.

In addition to the fuel and payload sequences described
above, two loading sequences are defined for the purpose of
generating a loadability diagram. In the first of these
sequences passengers are loaded from fore to aft with all window
seats loaded before any aisle seats. Cargo is also loaded from
fore to aft. The second sequence is similar to the first except
that loading occurs in the aft to forward direction.

208.1
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208.2 RESULTS

The loadability diagram resultiny from the last two loading
sequences is shown in figure 208-3.
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208.3 LISTING OF CONTROL PROGRAM AND DATA

BEGIN CONTRCL PROGRAM DEMOIS
PROBLEM IC(ODEMOL6 = FUEL AND PAYLOAD MANAGEMENT)

c
c PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED B8Y THIS
¢ DECK ARE
¢ le FUEL AND PAYLOAD MANAGEMENT
d 2+ LOADABEILITY DIAGRAM GENERATION
C
c AUTHOR R« As WOODWARD
C
¢ CORE 130K ¢(OCTAL}
C
READ INPUT

PRINT INPUT(NGDAL)

PRINT INPUT(MASS)

EXECUTE EXTRACT{EXNAME=MASSGRD, LSUB=MGRIDESUBSES NSUBar . -
EXECUTE GRAPHICS{GNLME=GEQM,OFFLINESCALCOMP TYPE=IORTHP U will e

X S12E=(204120)¢R2=30,RX=0QRY*20EXNANE=MASSGRD)

EXECUTE MASS (OPTIONs])

PRINT OUTPUT (MASS,)FUELosTABLES,TANKS=22,PAYLOAD®22,MDCaMOCOesA)

EXECUTE EXTRACT(EXNAME=LOADAB,LSUB=LOADAB,PCOND=20,PCOND=30,

CCOND=20,LCOND=30+FCOND=15,FCOND=15)

EXECUTE GRAPHMICS{GNAME=LOADAB,S[ZE=(10,10),
LWLNE®S540000., WTINC#20000. sFCGULNEnS 4 LCGLNE=3b4y
DATUM®2]1.,CGINC=3. o LEMAC>1600.9MAC=11000,
FUELFAC=2,,PASSFAC»2, ,CARGOFAC=2.,CGT0L=1.,
OEWFAC=2, ,EXNAME=LOADAB, TYPEsGRAPH)

END CONTROL PROGRAM
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$/M00E2/
BEGIN NQDAL CATA
1 20. 0. le TQ ¢ 340, Q. 85,
101 20. O. “le T0 106 340. 0. -63,
21 20. l. 0. T0 206 349, 65. Q.
11 420, 0. 65. T 83 3300. 0. 65.
111 420. Qe =65, TO 1a&9 1540. Oe -85,
211 420. 65, Qe o 225 4480, 65, 0.
265 2580, 65, 0. TO 2717 3060. 65. 0.
287 3460. 65. Je TO 289 3540. 65. 0.
s/ WING COORDINATES
- 227 1060 65, Qe 26425 TO 2645 1780. 65. Q0. 36,35
. 245 TO 255 2180. 6&5. Ue 2868
255 TO 263 «200. 65. Qs 1240
3t 1060. 65, Qs 26425 TO 341 1620. 265. Ce 8.85
445 1780« 155, 0. 22.65 TO 455 2180, 195, 0. 20.15
541 1620, 265. O, 8.85 TO 551 2205. 455, 0. 5.75
651 220%. 455. 0. 5.75 TO 656 2545. 594, 0. 3.2
756 2545. 554. Q. 3.2 T0 760 2875. 785, Qe «55
700 TO 763 2995, T65. Q. 1.85
341 Y0 355 2180, 255, 0. 20.15
355 TQ 363 2500, 2&5. Oe 11.25
55. TO £59 2525, 455. 0. 10.0
559 YO 563 2685, 455, 0. 5.0
656 TO 655 2665. 594, O. 4.85
659 T0 663 2825, 594, 0. 2445
#/ HORIZOUN.AL TAIL
279 140. 65+ 0o 1480
776 . 404 65- 0o 1.80 TO 979 3365. 200. 0. 1,25 B8V 100
281 3220. 65. Os 4425
781 3220. 65. O« 4.25 TO 981 3388. 20u., 0. 1.75 8y 100
283 3300. 65. 0« 4.55
285 3380. 65+ 0¢ 1.40
785 3380, 65. O« 1.40 TO 985 23435, 200. O. «80 BY 100
*/ VERTICAL TAlL
REC RECL 0. Os 0¢ le O¢ Ve Ou ~le Q0
85 3380. 65. Q. 3.25
87 3460, 65. 0. 2040
1085 3460. 140. 0. 1450
1087 3500. 140. 0. 1.80
«/ WING FIN
1156 2545. .1 =594, 2.40 TO 1356 2830, 100, =594, 1.80 8Y 100
1158 2625+ 1 =594+ 2.40 TO 1358 2842« i00s =594« 1.50 BY 100
1161 2745. <1 =594 2.80 TO 1361 2859. 100. =594. 1.95 8y 100
' 1163 2825. +1 =594, 2.80 TO 1363 2&70. 100, =594. 2.05 8Y 100
RESUME GLOBAL
89 3540. 2. 65.
s/ AIRLOAC PANEL NODES
./ 8oDY
5100 0. ['N 0., TO 5112 3564. 0. 0.
5251 0. 26.1279 Q.
5252 297, 26.1279 O.
5253 297. 63.5215 0.
5254 5%4. €3.5215 O,
5202 594. 65.i 0. TO 5212 3564. o65.1 O,
./ WING
$400 Té4le. 65.1 0. TG 5605 2715. 65.1
5410 1017.7530 146.& 0. TO 5415 2705.9945 1466
5430 1677.8854 34l. Oe TO 5435 2722.8855 3el.
5440 2065. 455, 0. TO 5445 2749, 455.
5450 2487. 59. 0. TO 5455 2874.059 594.
5460 2689.47 696. 0. TO 5465 2965.8289 696,
56470 2884. 794, 0. T0Q 5475 3054, 794,
*/ HOR TAIL
5500 3124. 65«1 (L. TO 5%02 3417, 65.1
5510 3255.0804 146.&6 0. TO 5512 3440.5144 146.6
5520 3386, 228. 0. TGO 5522 3464, 228.
s/ VERT WING FIN
5313 2467. 594, 0. TO 5315 2880, 594« 134,
5319 2874.059 594. 0o TO 5321 2940, 594, 134,

a3
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s

N

o/

s/

se3
3
s+ 3

./

./

./

./

wEIGHT PANELS -~ BCOOY

6001
6021

Q.
0.

0. 0.
65. 0.

0O 8016
TO 6036

wEIGHT PANELS - #ING
1.0 45.0 0.

6100
6100
6180
6260
6110
6189
6266
6100

20
6180

20
6260

2C

wEIGHT PANELS = HCR TAIL

T

amn

T0
[
T0
1]
i}
0

END NOCAL DATA
BEGIN MASS DATA

PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

5.0 65-0 0.
2715.0 325.5 O.
2874.0 594.0 0.

6l10
20
61895
20
6266
20

3564. 0.
3564. 65.

TO 6220 2+87.0
TG 06260 2487.0
1O 6240 2407.0
TO 6320 2884.0
T0O 6170 2715.0
TO 6249 2874.0
T3 6326 3054.0

6400 3124, 65.1 0. TO 6403 3417,
6410 3386, 228.0 0. TO 64l3 3464,
wEIGHT PANELS = VERT FIN
6501L 3374.& O. 92.8
6502 3472. 0. 92.8
6503 3458.7 0. 149.8
6504 3514.6 0. L149.8
AEIGHT PANELS ~ WING VERT FIN
6601 2487. 594. 0. TO 6603 2880.
6604 2874.059 59 . 0. TO 6606 2940.
NODES FOR CARGO HCLDS '4
7001 40aC. 0w -55.
7002 4C0. 20. =55.
1003 %C0. 50. -20.
7004 4C0. 0. =20.
1005 650. Oe -55 -
7006 &50. 20 =55.
7007 650. 50. =20
T008 650. 0. -20.
1011 2800. Qe =55.
7012 2800. 20s =55,
7013 2600. 50. -20.
7014 280¢. Oe -20.
7015 295C. O« -55.
7016 2950. 20. =55,
017 '35C. 50. -20.
7018 2950. 0. =20.
BEGIN CONCITION 0ATA
PANEL CATA 1 CONDITION 1 11 11 O
PANEL CATA 1 CONDITION 2 22 11 O
PANEL CATA | CONDITION 3 20 12 0
PANEL CATA 1 COMDITION 4 20 13 O
ENDO CONOITION GATA
BEGIN MASS ELEMENT DATA
F2 8=} €001 6002 6022 3495.
F2 B8-¢ 6002 £003 6023 6022 5955.
F2 o-3 6003 6004 6024 6023 2589.
F2 B-4 €004 60C5 6025 6326 3440,
F2 B8-=5 €005 6006 6026 6025 5420.
F2 8-6 6006 6007 6027 6026 3280,
F2 B8-=7 60Q7 6008 5028 6027 3306.
F2 B8-8 6008 6009 6029 6028 4346,
F2 8-9 6009 6010 6030 6029 4507,
F2 8=10 6010 6011 6031 6030 4486,
F2 B-11 €011 6012 6032 6031 3619,
F2 3-12 6012 6013 6033 6032 4730,
F2 93=13 €013 6014 6034 6033 3982,
F2 B-14 6014 6015 6035 6034 9417,
F2 3-15 6015 6016 6036 6035 1784,
F2 vT-} 6501 6502 6504 6503 600,
F2 w-l 610C 6101 6121 6120 Té68.
F2 w=2 6101 6102 6d22 2 1151.
F2 w=3 €102 46103 6323 ..22 1667,

PLATE

208.5

0.
0.

sq‘.o
594.0
594.0
194.0
329.5
594.0
794.0

Ue
o.
0.
0.
O
V.
0.

6S.1 0.
228.0 0.

5%94.
596.

134,
13¢4.

ay
By
ay
8y
8y
8Y
a8y

20
80
20
20
20
20
20
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PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATC
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATC
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATCE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATCE
PLATE
PLATE

P

=4

n=5

w=é

W=7

W=8

w=5

w=10
w=1l
w=12
w13
w=lé
w-15
We=ls
w=-17
w-18
W-1l6
w=20
w=21
n-22
=23
w24
w25
W-26
w=-27
w=28
w=-29
n=30
w=31
w=32
n-33
w=34
w=-35
n~36
w=37
w=38
n=3S
=40
Wbl
wW—bl
w=<3
K=
w=45
=& d
wesu?
w48
w=6S
w=50
w=51
w52
53
n-54
w=55
=56
h=~57
w=58
w~59
n=60
w-61
w062
a=53
w=b%
n=65
=66
w=a7
n-08
w=69
w-70
n=T71
w72
n-73
n=T6
w=15
hT=1

6103
6104
6105
&106
6107
¢los
olo9
£120
612l
6122
6123
ol24
612>
6126
ol27
6128
ol29
€120
olsl
bl4e
6l4a3
6les
6l4S
6146
Ela?
6148
6149
6130
o131l
6182
&183
ol8e
6135
6186
6187
&l88
6200
6201
02Q2
[PAVE}
€204
6205
£206
6207
6208
¢220
6221
6222
£225
6224
¢225
e2l6
0227
6228
€260
0261
6262
6263
0264
0265
6230
c28l
el32
£283
¢c284
6235
&390
c30l
6302
6303
&30«
6305
€400

6104
6105
6106
6107
6108
8109
6110
6121
ol22
6123
6124
6125
6126
6127
oled
6129
ol 30
6lel
6l4s
8143
Slée
6145
sl40
6147
ol«8
&149
6150
&181
6182
6133
ol84
o185
6136
6187
6188
ols9
6201
620
62C3
6204
6205
6200
6207
6208
6209
5221
6222
6223
6224
6225
6226
6227
6228
6229
6201
5282
62063
626%
6205
0266
6281
6282
6283
b2¢84
&285
6286
6301
6302
6303
630%
6305
63006
6+01

6l 24
6125
6126
61271
6128
6129
6130
614l
6142
aléel
6144
8145
6l4b
6la?
&l48
6149
6150
6161
6162
6163
6164
6165
€166
8167
6163
6169
6170
62Ul
6202
6203
62U
0205
6206
6207
6208
6209
6221
6222
6223
022
6225
6226
62217
6228
6229
6241
6242
62643
6244
6245
6246
6247
6248
6249
6281
6282
6283
0284
6285
6486
6301
6302
6303
6304
6305
6306
6321
6322
0323
6324
6325
6326
bell

0l23
dl24
6125
5126
6127
6128
6129
6140
6lél
65142
6143
oléé
6145
6140
6147
6le8
6149
6160
616l
0lée2
6163
616«
oloS
6166
6167
6lo8
6169
6200
6201
6202
6203
5204
6205
6206
6207
6208
6220
0221
6222
6243
6224
6225
6226
6227
65228
5240
824l
6242
6243
6244
6245
6246
6247
6248
62480
6281
6282
6283
5284
65285
6300
6301
6302
4303
6304
6305
6320
0321
0322
6323
6324
5325
6410

1112.
11%0.
1659,
19838,
2“6'.
1335,
338.
795.
1415,
8l3.
1259.
12438,
1720.
1‘9‘.
1888.
‘98.
126,
soa.
1279.
536a
532,
559.
1055.
1405.
1953,
2Twe
172
6lee
1285,
562.
786,
1330.
1849.
1649.
255.
207.
©97T.
69
755
3ld.
843.
687.
1 36‘
9%,
136.
522
5lo.
535.
555,
530,
T0%,
119.
9l.
289.
306,
PR
507.
116.
76.
216.
T
245,
365,
86
Tl.
18+%.
loUd.
126.
273,
66,
660
283.
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PLATE F2 HWT=2 6401 6402 6412 s4l) 212,
PLATE F2 nT=) 8402 6403 6413 6412 S22.
PLATE FZ wf-] €60l 6602 6605 66C4 500.
PLATE F2 aF=2 6602 6603 6406 0605 400.
END MASS ELEMENT CATA

CEGIN FUEL CaTa
TANK 1}

POLYGON 20 95. PERCENT
237 337 339 239 TQ 263 343
445 345 347 44T TO 449 349

TANK 12

POLYGON 20 97. PERCENT
451 351 353 453
453 353 355 455
255 355 357 257 TO 261 36l

TANK 21

POLYGON 30 98« PERCENT
347 547 549 349 T0 353 553

TANK 22

PGLYGON 30 S0. PERCENT

355 555 557
TANK 31

PCLYGON 20 a5

357 10 30l 561

o PERCENT

553 653 654 55« TO 562 862

MANAGEMENT SEQUENC
LUAD TANKS 21
LJAD TANKS 11
LOAC TANKS
USE TANKS 11
TRANSFER 100.
USE TaNnksS Il
TRANSFER 15000
USE TANKS 11

E 10

22

12 31 RATIO 8. 6. 1.
31

12 RATIO 1. .75

PERCENT 12 TO 11

21 22 RAT!O 2. 1. 1.

« FROM 22 TO 21

21 31 RATIO 3. 2. 1.

USE TANKS 11 21 31 RATIO 3.

MANAGEMENT SEQUENCE 20
LOAD TANKS 1) 12 21
LOAD TANKS 22 31
CONDITION 11 180000. 10
CONCITION 12 120000. 10
CONCITICN 15 1C0000, 10
CONCITION 20 Je. 20
END FUZL CATA

BEGIN PAYLOAD CATA

BEGIN SEAT LCCATIUN DATA

1ol «00. =10. 5+ TO
201 400. =10, 34. TO

ENC SEAT LOCATION CATA
BOLC L SRICK .05

léo 3000.
2606 300u.

2. L.

345 245
351 451

@
< <
NN
~Na
~~o
[

363 263 8Y 2222

5§55 355 B8y 2 222

563 363 BY 222 2

663 So03

UNTIL 70000.

UNTIL 220000. TOTAL

UNTIL 31

UNTIL 11 12 EQ ALS 2. 21 31
UNTIL 22 15000.

UNTIL 60000.

UNTIL 0. TOTAL
UNTIL 11
UNTIL 22

-10. She

~10. 34,

7001 7002 7303 7004 7005 7006 1307 7003

HOLO 2 BRICK .uS

1011 7012 7Cl3 7014 7015 70L5 7017 7018

LOACING SEQUENCE 1

LGAD SEATS 101 166 201 266 TC 133 134 233 234 8Y } -1 1 =1
LJAC CARGO HOLD L IN DIRECTIUN +2 UNTIL 10000. LUADED
LCAD CanGG HOLC 2 IN OIRECTION ¢Z UNTIL 5000. LOADED

LOADING SEQUENCE 10
LOAD SEATS 101 TO 166
LOAD SEATS 201 TO 266
LOAD CARGO HOLO 1 IN
LOAD CARGO HOLO 2 IN
LOACING SEQUENCE 11
LOAD SEATS lé6 TD 101
LOAD SEATS 266 TO 201
LOAD CARGG HULD 2 IN
LOA0 CARGO HCLD 1 IN
CONCITION L1 SEQUENCE 1

CONCITION 12 SEQUENCE 1 132

CONDITION 13 SEQUENCE 1

CONDITION 20 SEQUENCE 11 132

8y -1
8y -1
OIRECTION =X UNTIL FuLl
DIRECTION =X UNTIL FuLL

14000,

Oa

15000.

24500.

CONCITION 30 SEQUENCE 10 132 24500.

END PAYLOAD DATA

208.
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BEGIN PANEL CaTa )
s/ 8uoYv
MASS SUBSETS 1
FUEL.PAYLCAC
DIRECTICN 2
1 5100 5251 5252 5101
2 5101 5253 5254 5102
3 5202 5203 5103 S1¢c2 YO 12
./ MING FIN
MASS SUBSETS 2
DIRECTICN ¥
13 5313 S316 S$317 5314
14 5316 5319 5320 5317
15 5314 5317 5318 5315
16 5217 S$320 5321 5318
./ wING
MA>DS SUBSETS 3
FUEL,PAYLOAC
OIRECTICN
17 5400 5401 5411 5410 YO 21
L 2T 5 10 =3 o S
./ hOR TAIL
MASS SUQJSETS 4
DIRECTICN 2
52 550C 5501 5511 55i0 VO 53
el 2 10 =] 0 2
ENDO PANEL CATA L
ENG MASS OATA
3EGIN SUBSET GEFINITION
SUBScTS OF MASS SET 1
Nl = 6001 TG 0036 6501 TO 6504

El = ALL IN N1
N2 = 6601 TG 6606
E2 = ALL IN N2
N3 = 6100 TO €325
E3 = ALL IN N3
Né = 6400 TO 6413
E4 = ALL IN N4
NS = 6001 TO 6606

€5 = ALL IN NS
cND SUBSET CEFINITION
ENC PRO0BLem UATA

208.8
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Mass Model for Fuel and Payload Demonstration

Figure 208-i.
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209. FULLY-STRESSED DESIGN AND COMPOSITE OPTIMIZATION
(DECK 3)

209.1 DESCRIPTION OF PROBLEM

This problem demonstrates the fully-stressed design and
composite optimization capabilities of the Design Module. The
structural model, shown in figure 209-1, is the same as that
described in section 203 with the addition of several CCOVER
elements (element subset 200 as shown in figure 209-2). These
CCOVERs have upper surfaces only with a stackup of (0/+45/90).
The symmetric loading described in section 203 is factored by ten
to obtain the design loading condition (except as shown in table
209-1).

All the CCOVER elements constitute a single optimization
problem. A separate execution of the Design Module produces an
optimized lay-up based upon the strains in a subregion consisting
of one element.

The subsets used to define the design rroblem are shown in
tigures 209-2 and 209-3. The design options employed are
summarized in tabile 209-1.

203.2 RESULTS

Two resize cycles were executed. The total weight at each C
cycle is shown in fiqgure 209-4. As an example, upper and lower T
surface basic plate thicknesses before and after resize are shown - A
in figure 209-5 for element subset 121. Margins of safety for .
this subset for the two cycles are shown in figures 209-6 and :
209-7.

The composite optimization converged after 7 local and 2
global iterations producing the number of layers shown in table
209-2.

209.1



209.3 LISTING OF CONTROL PROGRAM AND DATA

OO OGO O0

BEGIN CONTRCL MATRIX PROGRAM DEMOO3
PRUBLEM IL(OEMUO3 = FULLY-STRESSED DESIGN/COMPUSITE OPTIMIZATION)

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED 8Y THIS
DECK ARE
le FULLY=-STRESSED DcSIGN
2. COMPOSITE OPTIMIZATION
3. STRENGTH MARGIN JF SAFETY PLQTS

AUTHOR B8JURN BACKMAN

CORE 170K (GCTAL)

INTEGER BEGCYCL,ENDCYCLoCURCYCL
DIMENSIGN CONVERGILT)
USER COMMON (BEGCYCL+ENOCYCL +CURCYCLCONVERG.ISET,1STAGE,IPOS)

8EGCYCL=1

ENDCYLL=2

READ INPUT

PRINT INPUT(NODAL)

PRINT INPUTISTIFFNESS)

PRINT INPUT(BC.STAGE=2)

EXECUTE EXTRACT{EXNAME=FOTAL +LSUA=KGKRIDESUB=E]L ,NSUB=N1)

EXECUTE GRAPHICS(GNAME=GEQM,OFFLINE=CALCOMP KR2530,kX=0,RY=20,
X TYPE={ORTHLPOIRD ,S1262020420) , EANAME=TOTAL)
PERFORM DESIGN (STAGE=2)

PRINT INPUT(CESIGN,SET-2)

EXECUTE DESIGNIHISTOKY,SET=1,STAGE=2,CYCLE=(1+2),I5LN=(1,3,16,18,
119,211,291}

EXECUTE DESIGN(COMPOSITE,SET=1,STAGE=2,CYCLE=3)

PRINT OUTPUTIDESIGN.SET=1)

PRINT OUTPUT(DESIGN,HISIORY, SET=1)

EXECUTE EXTRACT(EXNAMExXMARGINS,LSUB=5MSSTAGE=2,CYCLE=(1,2),

b { ESUB=EL12]1 .NSUB2NL121)
EXECUTE GRAPHICSIGNAME=DESIGN.TYPE=ORTH,SIZE=(15,15),
X VIEW=100, SCALAR=COVSMS,SSCALE=100,EXNAME=MARGINS)

END CONTROL PROGRAM

209.2
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¢/ MOOE2 /
BEGIN MATERIAL DATA
COMPOSITE MATERIAL DATA
COl .0052 3.77E=4
70 30,066 24TES 221 oTEE LoE=6 ®x 1.28E5 2.E4 1e2BE5 2484 6.4E4 *x5
500 29.E6 2.6E6 420 +HEG 9E~b #= 1,18E5 1.9E4 1.18ES5 1.9E4 6.3E4 #=5
END MATERIAL CATA
BEGIN NOOAL DATA

s/
¢/ BODY NODES
s/
1 20. 0. 0. T0 25 980. 0. 0. By 2
27 1040, 0. 0. 30.0 TO ¢5 1780, 0. 0, 42.5 8Y 2
se¢]l 200 0. 65. U. e 0 200 Q. 65, *s
45 T0 55 2180, 0. 0. 31.0 8y 2
*¢]l 200 o 200 0. 65, *»
55 T0 63 2500, 0. 0. 13.5 BY 2
*+1 200 0 200 0. 65, L L
65 2580. 2e Ve T0 77 3060, 0. 0. By 2
79 3140, 0. U. 3.0
s+1 200 Oe 65, s
8l 3220. 0. 0. 6,5
®+l 200 Oe 65. *
83 3300. 0. O. 7.0
*+1 200 0. 65. s
85 33a0. Ge Qo 2.0
e ] 200 0. 65, L 2 J
8T 3460. 0. 0.
89 3540. C. 0.
s/
*/ WING NOOES
s/
427 1060. 65, Q. 30.0 TO 435 1380, 180. 0. 17.5 8Y 2
%35 T0 4«5 1780, 180. 0. 27.5 8Y 2
445 T0 455 2160, 180. 0. 25.0 8y 2
455 T0 463 2500, 180. O. 13.0 B8Y 2
635 1380. 180. 0. 17.5 TO 641 1620, 265. 0. 10.0 38Y 2
641 10 655 2180. 265. J. 22,5 BY 2
655 T0 663 2500, 265. 0. 12.5 BY 2
841 1620. 265. O0e 10.0 TO 847 1971. 380. 0. 9.0 BY 2
847 T0 855 229t. 380, 0. 17.0 8Y 2
855 T0 803 2611. 380. 0O. 10.0 3v 2
1047 1$71. 380. 0. 9.0 TO 1051 2205. 455. 0. 3.5 By 2
1051 TO 1059 2525. 455. 0. 15.0
1059 : TG 1063 2685. 455. O. 8.0
1251 2205. 455. Q. 8.5 TO 1254 2409. 538. 0. 6.5
1254 T0 1259 2609. 538. 0. 1l1l.0
1259 TO 1263 2769. 538. 0. 5.5
1454 2409. 538. O. 6.5 TO 1456 2545. 594. 0. 5.0
1456 TO 1459 2665. 594. 0. 7.5
1459 TO 1463 2825. 5%4%. 0. 3.5
1656 2545. 594. U. 5.0 TO 1658 2710. 680. 0. 3.0
1658 TO 1663 2910, 6380. 0. 3.0
1858 2710. 680. O. 3.0 TO 1800 2875. 765. 0. 1.5
1860 TO 1863 2995. 765. O. 245
s/
‘; WING TRAILING EDGE NOTDES
L
3001 2500. 65. 0. 13.5 TO 3005 2715, 65. 0. . 1.0 8y 2
3101 2500. 180. 0. 13.0 7O 3105 2715. 180. O, 1.0 Lo
3201 2500. 265. 0. 12.5 TO 3205 2715. 265« Q. 1.0 L
BY 100 OF B85. 85.
s/
*/ WING FIN NODES
./
REC WINGFIN 0. 5G4, 000 le 59%. Oer 00 =l 0.
2056 2545. .1 0, 3.5 TO 2450 2830, 100. 0. 2.5 BY 20C
2058 2625. ol 0. 3.5 TO 2453 2842. 100. 0. 3.0 ¢»
2061 2745, ol 0. 4.0 TO 2401} 2859, 100. 0. 3.0 s
o 2063 2825, -1 0. 4.0 TO 2463 2870. 100. O. 3.0 s
209.3
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¢/ HORIZONTAL TAIL NODES
s/
RESUME GLOBAL
219
281
283
285
END NODAL DATA
BEGIN STIFFNESS DATA
BEGIN PROPERTY DATA

Pl «05 le ¢(WING
P2 2. 0. O. «d
P3 10. 0. 0. 1004

Pe «15 .50

PSs 0. #=2 100. 100.
END PROPERTY DATA
BEGIN ELEMENT DATA

./
*/ WING FRONT SPAR
s/
SPAR M5 N2003 221
*? N2205 429
2 N2805 435
2 N3007 €317
.2 N3407 64l
.2 N360% 843
*2 N4Q09 847
*2 N4211 1049
2 N44ll 1052
*2 N4613 1253
*2 N4T713 125%
L ¥ N48LS 1455
2 N4315 1456
L ¥ N5017 1657
*2 NS117 1658
*2 N5219 1859
s/
%/ WING REAR SPAR
*/
SPAR M5 N5603 263
.2 N5605 463
*2 N5607 663
2 N5609 863
2 N5611 1063
.2 N5613 1263
*2 N5615 1463
2 NS§S617 1663
*/
#/ WING INTERMEDIATE SPARS
*/
SPAR M5 N2203 229
*2 N3803 245
2 N4803 255
*2 N5003 257
.2 N3005 437
2 N3805 445
2 N4005 441
2 N4805 455
L4 N5005 451
2 N3607 643
*2 N4OOT £47
.2 N68O7 655

«2 ®IWING FIN ATTACHMENT BEAMS = TYPE 1)
S(WING FIN ATTACHMENT BEAMS ~ TYPE 2)
*{CONTROL SURFACE RIBS}

Jo ®(BEAMS AT 455 RIB YO PICK UP SPARS)

TQ 679 3365,
T0 631 3388.
10 6383 3412,
10 635 3435,
FIN SPARS AND RI8S5)
o2
100« 100.
O- l
429 12 2.
431 ol 2.
637 ol 2.
639 012 20
343 «12 2.
845 el2 2.
1049 ol2 2.
1051 =
1253 e
1254 s
1455 ze
1456 (3
1657 L2
1658 (3]
1856 L2
1860 *®
463 0 12,
663 40 12,
863 «34 12,
1063 «34 12,
1263 «30 8.
1463 <30 8.
1663 <30 4.,
1863 «30 4.
02 «20 2a
445 <36 2e
455 60 12,
457 24 2.
6317 «20 2.
645 036 2.
647 020 4.
655 60 12,
657 246 12,
343 «20 2.
847 «20 4.
8%% 20 8.
209.4

200.
200«
200.
200,

TG N26&0
8y N20O

TO N320
3y N20O

TO N380
By N200

Tu N360
8Y N200

TO N540
BY N200
TO N360
8Y N200

TO N4&0
3Y N200

TO N54«0
3Y N20Q
70 N380
3Y N200
T3 N460
BY N2OO

0.
0.
O.
0.

5

7

9

3

3

5

5

5
7

7

433

639

845

243

261

443

453

+61
645

653
2

3y
.y
.
s

435

641

847

200
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*°Q N5007 657 857 «20 10. TQ NS4O7
8Y N20O
*2 N4 209 849 1 4§ «20 e TO Néo09
8Y N200O
* N4309 855 1055 «20 8.
2 N5006% 857 1057 «20 10. TO NS«QS
BY N200
LL- Nebll 1053 1253 ol2 4. TO Né8II
8Y N10C
2 N491L 1056 1256 06 4« TU N551)
3y NlO0
*2 N4813 1255 1455 ol 4.
*2 N4913 1256 1450 ) 4. TO N55113
8Y N100
2 N5015 1457 1657 «06 2. Tu N5515
8Y N100
2 N5217 1659 185§ «J6 2. TO NS517
8Y N100O
s/
®/ WING IN-BODY SPARS
*/
SPAR M5  N2OOL 21 221 1.00 10. TO N3sUL
3Y N20O0
82 N3801 45 245 1.30 10. TO N460L
BY N200
.2 N4801 55 255 3.00 60.
*2 N5001 St 257 120 60. TU N5401
3Y N20O
*2 N5601 &3 263 2.00 60,
s/
*/ WING RIBS
*/
SPAR MS Neo0O0l 2271 229 25 4. TO N60O3S
BY N2
2 N6109 435 437 «30 4. TO N6135
BY N2
*22 L1738 %) 641 643 20 3. TO N6235
BY N2
*2 N&425 1051 1053 «20 4.
.2 Nb6426 1053 1054 «20 4. TO N6435
*2 N6629 1456 1457 s12 2. TO Nb6é&3S
.2 Né6833 1360 ld6l «30 le4 TO Ne835
*/
#/ WING COVERS
*/
COVER M5 NT003 229 42§ 227 .06
.2 NT7203 229 429 431 231 .06
NB603 243 443 4465 245 8Y N200

CCOVER TTO N27203 229 429 431 231 CG. AU YO L1 COl A=45, A4S,
TO N28603 243 443 945 245 BY N20O0 2 »=3
COVER M5 NBBO3 245 445 447 247 12 00 710 ¢+

N9603 ¢53 453 455 255 8¢ N20O
2 NG803 255 455 457 257 .10 .14
.2 N10003 253 457 «39 259 e
2 N10203 259 459 4al 261 W26 .le L22
.2 N10403 261 461 463 263 e
2 N7805 437 637 435 «06
.2 N80O05 431 637 639 IS .06

N9605 453 £53 655 <55 8y N200
2 NG805 455 655 657 457 .10 .l=
2 N1000S 457 6571 659 459 e
2 N10205 459 659 661 46l W26 .16 .22
LT N1G405 461 661 663 463 **
.2 NB4O7 643 843 bl )
.2 NB6O7 643 B43 B8e5 645 406

N9607 653 853 855 655 8Y N20O
.2 NGB8O? 655 855 857 657 .10 .08
2 N10007 657 857 859 659 Lad
2 N10207 650 859 Bol b6l 430 .l4 .20
*2 N10407 661 86l 863 663 .
.2 NS009 849 1049 847 « 06
.2 NG209 B49 1046 1051 851 .06

N9609 853 10%3 1055 855 dY N20OO

209.5

661
453

861l
1055
1062

1262
Lag2
1662

261
461

661

1002
iw62
1862

2
AU, ¢

.00

«Gd

«00

2

881
1053

1061
1255
12062

1462
1662
1862

243
253

2¢l

2¢3
4c3
6€3
1063

1463
1863

T0
*=z 3

s 3

T0
*23

70
*x 3
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*/
*/

*/
s/

*/
*/

*/
o/
./

*/
o

./

A

.2
.2
*2
.2
.2
.2

.2
.2

.2
*2

2
*2

NS809
N10009%
N10209
N10409S
NG4ll
NS611)
NiQSLllL
NG713
NS8Ll3
N10513
NS915
N1OOLS
N10515
N10°\7
N10&a?
N1O517

WING IN-BOCY COVERS

COVER
.2

*2
.2
.2
*2

WING FIN SPARS

SPAR
»2
*2
*2
.2
*2
2
2

WING FIN RIBS

SPAR
*2
*2
2
2
L4

M5

M5

M5

N7001
N8601
NB8OL
N9601
NG8OL
N10001
N10201
N10401

N11001
N1l003
N1l201
N11203
N11501
N11503
N11701
NLll703

N12001
N12003
N12005
N12201
N12203
N12205

WING FIN COVERS

COVER
.2
.2
.2
2
»2

M5

N13001
N13003
N13005
N13201
N13203
N13205

7o

R N SRS kR R S T D, - g

ass

857

859

86l
1053
1053
lo6d
12558
1255
1262
1457
1653
1463
1659
1659
1663

21
43
“5
£3
55
51
59

2056
2256
2058
2258
0ol
22¢1
2063
2263

2256
2258
2261
2456
2458
2461

<056
2058
20862
2256
2258
2261

WING FIN ATTACHMENT BEAMS

BEAM
2
.2
*2
2
*2
.2

L5

h20001
N20003
N20005
N20007
N21001
N21003
N21005

1456
1458
146l
1463
1458
1458
1462

1055
1057
1059
1061
1253
1253
1262
1455
1455
1462
1657
1657
le62
1859
1€59
1862

2217
243
245
253
255
2517
259
261

225a
2456
2258
2458
2261
2461
2263
2463

2258
2261
2263
2458
2461
2463

2256
2258
2261
2456
2458
2461

2056
2058
20614
2063
1458
1461
L463

1057
1039
1061
1063
1051
1254
1263
125¢
1456
1463
1456
1658
1663
1658
1860
18563

229
2¢5
247
255
2517
259
281
263

2258
2201
2263
2458
246l
2463

1463
1463
1463
1461

a57
859
861
ded

1054
1063

1256
1263

1458
1463

1660
1663

29
45
7
55
57
59
61
63

P

L 2K K 2R 2 IR BN 2]

® % % % %0

2058
2Jol
2063
2258
2261
2283

* ROV RERaT

209.6

10
«30

«30
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«30
«30

«J8
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.08
«08

«60

«70
«70
1.30

LR 2R 2R N el

.08
e
ol
[ X ]
ol
14

«20

«22
.22

8Y NlQO

«lé
ol
By

8y

ay

8y

By

<70
L 2 J

«22
22
N10O

N100

N1QO

N20O

N20O

110

«00

.LZ
12

1

«Q0

T0
sal}

TO
L 2k )

T0
s=)

T0
*=3
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s=z)
TO
$=3




¢/ WING TRAILING EDOGE CONTROL SURFACE RIBS
./
SPAR NS  N101L 263 3003 Pe
*2 0 0 2 200 100 0
2 N1C2 3003 3005 .
2 0 0 2 106 100 ]
2 N108 1463 3405 .
LLY 0 0 1 200 100 *
./
®/ WING TRAILING EDGE CONTROL SURFACE COVERS
«/
COVER M5 N151 263 463 3103 3003 1O
LF3 NLS3 463 663 3201 3103 .
2 N1S2 3003 3103 3105 30us *
.2 N154 3103 3203 3205 3105 L
2 N156 1463 1663 3505 34085 *
] [} 0 1 200 200 100 100 *
s/
®/ HORIZONTAL TAIL SPARS
./
SPAR NS N14003 279 418 .10 1.2
2 N14005 479 678 *w
L N14103 28 481 «05 1.8
*2 Na4105 481 681 e
2 N14203 283 483 P L 1.6
*2 N14205 483 683 8
*2 N14303 285 485 «20 246
2 N14305 485 685 [ 1]
»/
®/ HORIZONTAL TAIL RIS8S
*/
SPAR A5 Nle4eOl 279 281 o195 2.0
.2 N14501 479 48l slV 1.2
*2 Nl4601 679 681 10 1.2
s/
®/ MURIZONTAL TAIL [IN=-80DY SPARS
./
SPAR MS N149201 79 278 +50 6.0
(P4 Nl4lOl 81 281 S 9.0
2 Ni4201 83 283 25 8.0
.2 N14301 85 285 1.00 3.0
./
®/ HORIZONTAL TAIL COVERS
./
COVER M5 N15003 278 479 481 281 .16
.2 ] Q 200 2 e=23 O.
COVEP M5 N15005 479 679 641 <81 .07
»e2 o] 0 200 2 =) 0.
./
®/ HORIZONTAL TAIL IN-BCOY COWER:
s/
COVER M5 N1SQ01} 79 27 281 81 .80
N15401 83 283 285 85
./
¢/ BOUY BEAMS
*/
BEAM M5 N10OO1L 4 3 5. Q. =3
*¢30 O 0 2 2 2 5. ¢y
2 N1063 63 65 160. *4
s+l12 0 0 2 2 2 =12 L L)
./
®/ BEAMS AT 455 RIB YO PICK P DISCONTINUED SPARS
L ¥2
BEAM M5 N30002 1083 1054 PS5
el 0 0 2 F] 2 L
3EAM M5 N30011 1063 1062 PS5
L2 X 0 Q -2 -2 -2 .

END ELEMENT DATA
ENDO STIFFNESS CATA

209,7
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8EGIN BC DATA

STAGE 2

SUPPORT ASYM IN SURFACE 2

arere

R LS

SUPPORT TX T2 RY FUR 89

END 3C DATA

3EGIN LOAD CATA
SET | STAGE 2
LOAD CASE [D SYMM ¢$SYMMETREIC AIRLOADSS
3EGIN NODAL LOALC DOATA

ORDEK F2
CASE SYMM
3 -2275.
15 -4S7C.
23 -3255.
31 ~245.
39 ~5400.
©5 -380.
53 -3830.
6l 140.
ol ~l6%.
75 -6365.
83 = 3465,
37 -3160.
85 -150.
89 -150.
ORDER FZ FY
2056 -125.
2456 -100.
2458 -100.
2058 ~125.
2061 ~125.
24€1 -100.
24¢€3 -1C0.
2063 -125.
ORDER FZ
431 134175,
231 -8530.
637 8030.
237 -7750.
245 -11770.
655 ~464C.
255 -5330.
663 1565,
263 5445.
843 364C5.
645 -20750.
10¢ 21130.
645 3435,
1055 3365.
1063 1435,
1456 12820,
1455 21815.
1463 6155,
1860 860.
1861 14365,
2863 27¢2.
659 -450.
1059 -8710.
1461 -1C655.
1802 -5150.
é7s -50680.
679 -4040.
681 -7375.
281 =5415.
283 -1620.
683 -865.
685 -1725.
285 =3425.

12202
13604
-410.
9554
1075,
716654
-696U0,
-6604

END NODAL LOAC DATA

END LCAD DATA
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*/MODEL /
BEGIN SUBSET DEFINITION /
SUBSETS OF STIFFNESS SET 1 7/

s/ /

¢/ SUBSETS FOR GECMETRY PLOTS /
El = ALL /
Nl = ALL /

s/ /

®/ELEMENT SUBSETS FOR DESIGN /
®/ALL SUASETS ARE IN THE RANGE €l00 TO El39 /

./ /
./ /
*/ /
./ /

s/ GROUP 1 /
&/ B80DY SUBSET /
ELQC = 1027 TO 1073 a3y 2 /
s/ /
./ GROUP 2 /
./ wING SUBSETS /
8/STARTING WITH THE SPAR ELEMENTS REPRESENTING SPARS /
$/BEGINNING AT FRONT SPAR AND CONTINUING AFT /
ELOLl = 2001 2003 2205 TQ 2805 By 200 3007 TO 3407 8Y 200
3609 TO 4005 B8Y 200 4211 4411 4613 4713 4415 4915
5017 5117 5219 / FRUNT SPAR
€102 = 2201 2203 2401 2403 2601 2603 2801 2803 /7 1 TO & INT SPARS
€103 = 3001 7O 3005 8Y 3201 TO 3205 B8Y 2 3401 TO 3405 3v 2
3601 TO 36CT BY 2 / 5 30 8 INT SPAR
€104 = 3801 TO 3807 BY 2 4001 TO 4007 8Y 2 4201 Tu 2209 3y 2
4401 TO 44CS 3y 2 / 9 10 12 INT SPAR
2
2

~N

E105 = 4601 TQ 460S 3v 4801 TO 4309 3y 2 5001 TO 5009 3y 2
5201 YO 5205 8y 5401 TO 5409 3y 2 7 13 70 17 INT SPAR TQ FINE GA1ID
€106 = 5601 TO 5617 BY 2 / KEAR SPAR
ELO07 = 4611 TO 5511 8y 109 4813 TG 5513 8Y 100
5015 TO 5515 8v 100 5217 70O 5517 8Y 100 /7 UUTBOARUD INT SPARS
s/ /
$/SPAR ELEMENTS REPRESENTING RIBS /
*/BEGINNING INBGARD /
EL109 = 6001 TO 6035 BY 2 / SIDE UF BODY RI3
E109 = 6109 TO 6135 3y 2 / FIRST QUTH0ARD RIB
ELLIO0 = 6215 TO 6235 BY 2 / SECUND CUTBOARD RI3
EL11l = 6425 TO 6435 /7 ThIRD GUTJ3CARD RIB
€112 = 6629 TO 6635 / FOURTH OUTBO0ARD RI3
€113 = 63833 TO 6835 /7 TIP RIB
*/ /
®/AUXILIARY BEAMS /
€114 = 30002 TO 30011 / SEAMS AT THIRD RIB (455 RIB)
ELL5 = 20001 TO 20007 BY 2 21001 TG 21045 8Y 2 /7 FIN ATTACHMENT dEAM
-’ /
*/ GROUP 3 /
./ wING COVERS /
®/STARTING INBOARD /
El16 = 7001 YO 1040% BY 2u0 / CENTER SECTION
E1L7? = 7003 TO 76C3 8Y 200 / GIRST BAY FS TO INT4
€118 = 7403 TO 84C3 BY 200 7805 TO 8405 BY 200 8407 / INT4 TG INTB TO FS
ELL19 = 8603 TO 9203 3Y 200 8695 T0O 9205 B6Y 200
8607 TO 9207 BY 200 5209 9209 /7 INT8 TO INT1Z TO FS
€120 = 9403 TO 9803 BY 200 9405 TO 93805 BY 200
9405 TO 9805 BY 200 9407 TO 9907 BY 200
9409 TO 980 BY 200 7 INT12 TO INTIS TO RIB 455
€121 = 10003 7O 1C403 BY 200 20005 TO 10405 8Y 200
10007 TO 10407 8Y 200 10009 TO 10409 BY 20U / INT14 TO RS TO 455
N121 = NODES IN El21 /
El12> = 9411 TO 10511 8Y 100 9713 TC 10513 By 100 / 2 3AYS OUTBOARL 455
El23 = 9915 TO 10515 BY .00 101L7 TG 10517 BY 100 / 2 CuTHOARD BAYS
./ /
*/ CROUP 4 /
*/ CONTROL SURFACES /
€124 = 107 TO 110 15% TO 157 / OUTBUARD
€125 = 101 TO 106 151 TO 154 Z INBGARD
*/ /
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¢/ GROUP § /

o/ EOO4 IS THE MORIZONTAL TALIL /
./ EQO02 IS THE VERTICAL WING FIN /
EZ = SLAB ¥ 594, /

€4 = SPARS COVERS TUBE 79 279 679 685 83 DIRE. :

o/ €200 AND EZOL ARE CUMPUSITE SUBSETS /
€200 = 27203 TO 28603 8Y 200 /

€201 = 27203 /

END SUBSET DEFINITION /

BEGIN MATERIAL DATA /

M5l 16 7/

60 lo ®=11 170.E3 168.E2 1664E) 190.E) 133.E3 136.E3 100.€3
50.€3 e=3 /¢

120 )2 165063 163.53 161383 135.E3 133.E3 131.€E3 95.83
©8.E3 *=8 /

200 *12 *60.E3 158.€3 1564E3 130.E3 128.E3 126.,E3 90.E3
46.E3 28 ¢

500 e12 130.€3 128.E3 126483 1C0.€E3 99.E3 96.E3 60.€3
26.E3 =8 /

M52 .10 7/

50 1. #*=)1 90.E3 88.53 86.E3 70.E3 68.E3
L3.E3 ®=8 /

200 12 80.€E3 T8.E3 762t3 60.E3 54.E3
12.E3 e=28 ¢/
600 ¢)12 T0.E3 68.53 06663 50.E3 4d.E3

11.E3 &=8 /
END MATERIAL OATA /
BEGIN CESIGN CATA /
MOOE L /
BEGIN TABLE CATA /

BC51 60 .04 08 .12 .30 110.23 115.83 120.E3

8C51 120 ®4  105.63 110.E3 115.83 125.E3 7/
8CS1 200 ®4 100.E3 105.63 210.E3 120.E3
8C51 5¢0 4 80.E3 85.tE3 90.E3 100.E)
8C52 60 L3 50.E3 52.E3 54.E3 55.E3
BC52 2C0 4 48.E3 Su.E3 52.£3 53.83
8C52 500 L L] 25.E3 26.83 2T.E3 27.5E3
8551 60 4 T0.E3 75.€3 00.E3 B83.€3
8551 180 "% 00.E3 ¢&5.63 TO0.E3 T2.E3
8551 540 L3 30.E3 35.£3 <U.E3 4l.E3
8552 60 % 35.E3 37.5€3 40.E3 «l.5€3
8552 180 o 30.83 32.5E% 35.c3 35.€3
8852 540 o 15.83 L17.5€3 20.E3 20.5€3
END TASLE DATA /

SET 1 /

BEGIN PFOPERTY CATA ¢

BEANMS .5 /

ENC PROPERTY DATA /

AEGIN FIXED CaATA /

E117 0 0 .04 .02 .03 0 U <06 .03 .03 7/
END FIXED DATVA 7/

8EGIN LAOWER BOUNC CATA /

El13 00 060 0 C 00 050 07/

Ell19 00 .06 0000 .06 00/

El20 0 0 .07 .04 0 0 0 .06 .03 0 /

€121 5 0 <00 04 U .5 0 .06 0% 0/
El22 .5 C 090 0 00 .09007/

€123 0 U 0450 C 00 U435 00 /

SPARS 04 o7 ®23 .5/

ENO LOWER BUUND 0ATA /

BEGIN UPPER 30UND CATA /

€123 00 1500600 120607/

END UPPER BOUND CATA /

BEGIN MARGIN DATA /

E120 .15 /

E4 SPARS .20 /

N6833 .35 /

END MARGIN DATA /

BEGIN SIZING DATA /

NS 7/

M51 E121 8C51 8551 .5 /

M52 €122 BC52 B .65 /

m51 SPARS B8 8552 /

END SIZING DATA /

NN NN N NN N NN

209.10

ON 0. 0. 1o

06.E3 50.E3
56.E3 40.E2

wb.E3 3I0.ES

13063

/

’

98.€3
93.53
88.€3

53.E3

48.€3
38.53

28.€E3

96.E3
Sl.E3
36.€3

50.E3

46.E3
36.E3
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BEGIN RESTRAIN SIZING DATA /

€116 /

E125

/

E4 COVERS /
BEANS /
El24 /

g2 7

END RESTRAIN SIZING DATA /

BEGIN OPTIMIZATION DATA /
CCOVER E200 €201 /

ENC OPTIMIZATION OATA /
STAGE 2 1 1 /

BEGIN LOADS CATA /

SYNM 10. /

CASE

CASE SYMm 20. T400 EN21 7/

CASE
CASE
CASE
CASE
CASE
CASE

SYMM
SYMM
SYMM
SYMM
SYmMM
SYMM

ENO LOAODS

BEGIN SUPERPOSITION DATA /

15. T2350 €122 7/
10. T3C0 El23 /
15. €105 7/

30. €107 7

30. El0¢ 7/
2000. E200 /
OATA /

L eem ey L L S p— |

CASE FKEAVY ]1S. SYMM 15. SyMM E106 7/
END SUPERPOSITION CATA 7/
END DESIGN DATA /
END PROBLEM DATA /

209.11
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Table 209-i.

Summary of Des:gn Options Used

ELEMENT ELENENT LOwER UPPER .- SFECIFIED Si2inG LOAD COMPOSITE
SUBSET NO. TYPES BUND FOUKD Fie MARGIN RESYRAIRED FACTOR TORPERATURE ommznml
2 SPARS ¢ X (SPARs }| X (COVERs )
4 COVERs X
105 ‘s
106 SPARS 30
107 30
16 } X
117 X
118 X
§19 X
120 > COVERs X X
121 X 20 400°F
122 X 5 350°F
123 X X 300°F
124 X
125 ) X
—_— SPARS X
— 3EAMs X
200 CCOVERs 2000 X
200 12

i Py e e e g e
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Table 209-2. Optimum Number of
Layers per Lamina

Bew s~

Fiber Number of
Angle Layers
oo 10
450 1
-g50 1
90¢° 48
200.13



Figure 209-i. Structural Model,Design Demonstration
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£102

EN13
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(Front Spar) El
E106 (Rear Spar)
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Figure 209-3.
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FIGURE 209-4. Total Weight vs. Cycle,Design Demonstration
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T(0)u/T(0)L

INITIAL . 62/5. /
'WPWM.{ 2.54/2.03 7.62/5.08 7.62/5.08

FINAL o4 4.67/2.16 7.34/4,u5 3.73/2.69J////

2.54/2.03 7.62/5.08 7.62/5.08

3.58/2.4 8.86/5.28 7.82/4.83

Y
2.54/3.56 6.60/5.59 6.60/5.59 [---' X
4.88/3.51 9.80/6.63 11.94/8.9%

2,54/ 3.56 6.60/5.59 6.60/5.59

3.89/3.23 8.92/5.97 8.51/6.25

Thickness in mm

Figure 209-5. Surface Thickness Changes,Element Subset (2|
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PLOT 10 = MARGINS. COVEMS LCYeLL = )

Figure 209-6.

Margins of Safety,Cycle |. Element Subset 21|
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PLOT 10 » maRGing, cOYSMS JCYCLL o 2

Figure

209-7. Margins of Safety,Cycle 2, Element Subset 121
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210. THERMAL FULLY STRESSED DESIGN (DECK 17)

210.1 DESCRIPTION OF PROBLEM

This demonstration problem consists of a thermzl fally
stressed design of the well~-known 25-bar transmission tower. The
model and loading are based uron the information shown in
reference 210-1. The loading consists of nodal loads at four

nodes and thermal loads at each node. The model is shown in
figure 210-1.

The design is performed iteratively and terminated when the
relative weight change is less than 5%. The starting point for
the design variables is unit area for all 25 ROD elements.

210.2 RESULTS

The analysis stabilized after two iterations to a relative
weight change of less than 5%. The total weight compares quite
favorably with that reported in reference 210-1. A plot of
weight vs. design cycle is shown in figure 210-1. Thermal

margins of safety for the eiements on one face of the tower are
shown in figure 210-3.
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210.3 LISTING OF CONTROL PROGRAM AND DATA

EFCIN CONTRCL MATRIX PRCGPRAM DENMOLT
PRCBLEM IG(DJEMQOLY - THERMAL CESIGN UF A 25~RAR TRUSS)

[
< PUFPCSE THE PRINCIPAL CAPABILITIES ODEMCNSTRATEN BY THIS
C CECK ARE
C le ThREIMAL CESIGN
[ 2. PLOYS OF THERMAL MARGIANS CF SAFETY
C
c ALTHCR 8UCRN BACKMAN
C
[ CCRE 145K (OCTAL)
c
USER COFMUN (SEGCYCL sENCCYCLCURCYCL oCCNVERG ISET,ISTAGE, IPCS)
INTEGER EEGCYCL ,CUFCYCL INDCYCL
CIMENSICA COMNVERCG(LT)
CCNVEEGLES) = .Gt
CONVERGL1G) = 1.C
EACCYCL = 5 -
READ INPUT
PRIAT [APUTIANCDAL)
PRIANY [AFUTISTIFFNESS)
EXECUTE EXTRACTUUXNAME=CECMLSUD=KGRIC £SULBaEL s ASUB=AL)
EXECUTE (RPAPHICSUIGNAME=GECM ,CFFLINE=CALCCHP  TYPE=NRTH,SI2E=(15.,
x 15. 1o LBBEL=NoRZ=20. o FY21C, o RX=2, ,EXNAVME=GECN)
ISC3ECCYCL LT, 1) BEGCYCL=)
TFCENDCYCL LY. PEGCYCL ) ENCCYCL=BEGCYCL
CURCYCL = BEGCYCL
IF(CEGCYCL .EC. 1) GO TC 7cCCCl
C
C THIS IS A "ESTART,
C LCAD PANCOM FILFES FRCM SAVESS4
c
LCAD FILESU{SAVESS4=RENIND)
SAVE MATRIX{SAVESS4=PEmIND,MEFGFNF,031)
GC TC 70CC2 -
T0CG1l CCONTINUE
C

C BEGCYCLL = 1,
C CCFPUTE aNT PFINT [NITIAL WEICHT
C
EXTCUTE MASSUSET=1)
TOCZ ™ CCNTINUE
CALL GESCUNS
TFLCURCYCL LEG. C) CALL ExIT

C
C CESIGH CYCLES EBECCYCL THRCUGK ENCCYCL
C
7

0CCs CCNTINUE
EXECLTE STIFFNESS{SET=1,LLMP=C.C)
EXECUTE MERGEISTIFFNESSSETw],STAGE=L K11>1]1,K13=13,K33=33)
EXECUTE LCACSC(SETV=ly STACE=L,LC=ALL MATERTIALSCGASTANT)
EXECUTE PERGE(LCADS,SET=1,STACE=L,Lilall, L3l"]3])
TFICURCYCL .GT. 1) GO YN 77CCs

FINST CYCLE, MERGE ANC SAVE SULPPCRT OISPLACEMEANTS

ane

EXECUTE PERGF(CISPLACEME SET=1,STAGE=],C31231)
SAVE MATFIX(SAVLESS4=PENINC,MEFGRNF,D3])

70004 CCNTINUE
EXECUTE PULTIPLY(TEMP=(LLI-K13°031]))
EXECUTE CHOLESKY{SOLVE,K11,011, VEMF)
TFUCURCYCL .EQ. ENOCYCL) GC TC 7CCCS

210.2
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INTERMECIATE CYCLE. ASSEMBLE ODUISPLACEMENTS AND
CCMPUTE STRESSES IN INTERNAL CRDER

EXECUTE STRESSUSET=),STACE=), INTERNAL ,O1=CL]53=C31)
GC TC 1CCQe
CONTINVE

C  LAST (YCLE, ASSEMBLE CI1SPLACEMENTS AND
C CCMPUTE STFESSES IN USER CRCEE

C

10006

EXECULTE STRESSISET=),STACC=1,n1=011,02=C31)

CONTINUE

EXCCUTE CESICNISET=1STAGFs1oCYCLE=CULRCYCL «PRCCECURE=L ,TFSO(NCFSD)
EXECUTE MASSISET=])

CALL DESCUNS

1FICURCYCL .CE. EXNCCYCL) GC TC CoQ7 .
PURGE FILESIFERGRNF CHELRNF o LLTANF o STIFRNFLCACRNF o STAEONF,

] PASSRNF)

LCAC FILESUSAVESS4=RERINC)

CURCYCL = CLRCYCL ¢ )

GO TC 71CCO3

TOCO T CCAYINUE

C

C  LAST CvCLE,
C CCMPUTE REACTIUNS ANC PREPARE SAVESS4

C

EXECUTE MULTIPLY 1IR3 =[=L31¢x13(T)%011¢0220D31])
SAVE MATPIXISAVTISSEeMLLTIPAF,PII])
SEVE VATOIX(SAVESSGs YASSRAF, TCTLATS)
SAVE FILES{SAVESS3,0ATARNF,CECIRANF,LCACRNF ,STRERNF)
PRINT ULTPUT (CESIGN)
PRIANY ULTPUTHECESIGR s PISTITYCYCLE=SEGCYCL TC EANCCYCL)
EXECUTE EXTRACTCEXNAME=MARGIN,LSUB=TMS,CYCLE=(1¢243),&SUI=E2,
x ASUR =NZ}
EXECUTE (RAPHICSICVAME=MARCIN, TYPE=ORTH 4STZE2(2C.,20.),
X SCALAR=RCTYS, SSCALE=2,VY==1,EXNAME=MARGT N)
END CCNYRCL PROGPAM

210.3
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BEGIN MATERIAL DATA /
N51 o101 /
O L.ET «3 3.8E6 0. L.ET .3
40.E3 #=17 /

3.8E5 C.

1.7 .3 3.8Es

«0

S00 1eET o3 3.8t6 649E=3 1eET o3 I.8E6 6.4E~3 1.E7 3 3.8E6

6.4E=3 4Q.EI ¥=1T7 /

ENJ MATERJAL DATA ¢/
BEGIN NOOAL CATA /

1 0. =-25. 200.
2 0. +25. 2Q0.
3 -37.5 371.5 100¢.
“ 37.5 37.5 100.
5 37.5 =37.5 10C.
6 =37.5 =-37.5 1CC.
t -100. 100. Q.
8 100. 100. 0.
9 100. -100. Ue
10 -100. =-1l00. Q.
END NOCAL DATA /

3EGIN STIFFNESS DATA /
dEGIN ELEMENT DATa 7/

LY S N S

ROOG N51 N1 1 2 1./
RUD M5) N2 1 & 1./
ROC M51 N3 2 2 1./
RUD M51 N& 1L 5 1.7
ROD MS1 NS 2 6 1./
ROD MS1 N6 2 4 .7/
ROC MS51 N7 2 5 1./
ROD MS1 N8 1 3 1.7
ROJ M51 N9 1 6 1./
ROC N51 N1O0 3 6 1./
ROD M51 NI1 4 5 1. 7/
ROC MS) N12 3 4 1./
RCO M51 N13 S &6 1. 7/
RUD M51 Nls 3 1C 1. 7/
ROC M51 NIS 6 T 1. /
ROC M51 N16 4« S 1./
ROC M51 N17 5 o 1. 7/
ROC M51 N1B 4 7 1. /
RQC M51 N19 3 8 i. /
30C M531 N2u S 1¢ L. /
RGO M51 N2L o 9 L. /
UL ME1 N22 6 10 1./
RGC MS1 N23 3 7T 1. /
RGO MSL N24 5 9 1./
FOD M5i N25 4 3 i. /

END ELEMENT LATA /
END STIFFNESS OATA /
3cGIN oC DATA /

SET 1 STAGE 1 /

SUPPORT TX Ty TZ FCR 7 8 9 10 /

END BC DaTA /
8SGIN LOACS CATA /
SET 1 STAGE 1 /
8EGIN NODAL LOALS pATA /

FREEJOM FXx1 FY1l FIl FX2 FY2 Fl2 FX3 FXxs /
10000. -5000,.

1 1000. 10000. =5000. 100V,
ENC NODAL LOACS DATA /
BEGIN NODAL TrERMAL LGCADS DATA /
CASE 2 /
1 2 100.
3719 & 0.
7 10 10 -35.
END NCDAL THERMAL LCADS 0ATA /4
END L OADS DATA /

BEGIN SUBSET DEFINITIUN
SUBSETS OF STIFFNESS SET 1
El = ALL
Nl = ALL
N2 2156910
E2 = ALL IN N2

END SUJSET DEFINITION

NN
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BEGIN DESIGN JATA /
MODE 1 /

SEY 1 /
BEGIN SIZING OATA /
nSL /

END SIZING DATA /
STAGE 1 1 0 THL /
BEGIN THERMAL DATA 7/
CAST UFF v Ll. 1 1.2 /
END THERMAL OATA /
END DESIGN OATA /
ENO PROBLEM DCATA /
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211. FLUTTER ANALYSIS OF AN SST AIRCRAFT (DECK 4)

211.1 DESCKIPTION OF ANALYSIS

Four separate flutter analyses of an SST aircraft are
performed in this demonstration problem. The structural model,
shown in figure 211-1, is the same as that described in section
203. The same degrees of freedom are ratained in the vibration

analysis; only the symmetric modes are considered.

The mabs is modelled using mass plate elements as shown in
figure 211-2. The mass of the stiffness elements is ignored.

The vibration analysis is performed using a reduced stiffness
matrix and a non-diagonal reduced mass matrix produced directly
by the Mass Processor.

All four flutter analyses employ the same set of generalized
coordinates which are equivalent to the first twenty free-free
symmetric vibration modi.s. The first flutter analysis, performed
at Mach 0.8, is based on an aerodynamic model of the wing and
tail using only the tail oscillations. Doublet Lattice airforce
theory is used. Aerodynamic influence coefticients are obtained
for four reduced frequencies. They are produced by FLEXAIR to
obtain two sets of generalized airforces; the first set includes
the effects of the flexibility of the truncated higher frequency
modes of vibration, while the second set does not. V-g and V-f
plots are obtained for both sets of generalized airforces. This
analysis is shown schematically in figure 211-3.

The second flutter analysis is also based on the Doublet
Lattice theory, but includes the wing, body and tail in the
aerodynamic representation. Only the first ten generalized

oordinates are used in the flutter analysis. This analysis is
shown schematically in figure 211-4.

The third flutter analysis is performed at Mach 1.526 using
Mach Box aerodynamics including the aerodynamic influence of the
wing upon the tail. Unly the lowest ten vibration modes are
used. A consistent flutter speed and altitude consistent with
the Mach number (matched point) is calculated. This analvsis is
shown schematically in figure 211-5.

The fourth flutter analysis is performed at Mach 0.8 using
RHO3 aerodynamics for the wing and control surfaces. Doublet
Lattice aerodynamics are used for the tail with inter-surface
aerodynamic interaction iguored. The flutter analysis is
performed for several combinations of generalized coordinates.
This analysis is shown schematically in figure 211-6.

2111
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211.2 RESULTS
Results of the flutter analyses are presented as V-g and V-f
plots. Results of the first analysis are presented in fiqures

211-7 to 211-10. RESULTS of the second analysis are presented in
figures 211-11 and 211-12.

BOLING COMMERCIAL AIRPLANE COMPANY
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211.3 LISTING OF CONTROL PROGRAM AND DATA
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BEGIN CUNTRCL PROGRAM DEMOOY
PROBLEN ID(DEMON4 - FLUTTER ANALYSES GF AN SST AIRCKAFT)

PURPQSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS
DECK ARE
1. DUBLAT AERCDYNAMICS
2. RESIDUAL FLEXIBILITY (FLEXAIR)
3, MACHBOX AERODYMNAMICS
4. RHO3 AERQOYNAMICS
5. FLUTTER ANALYSES
6. V-G AND V-F PLOTS

AUTHOR JOKN HOGLEY
CORE 260K {0OCTAL)
READ INPUT

Pk INT INPUT(NODAL)

PRINT INPUT(STIFFNESS)

PRINT INPUT(MASS)

EXECUTE EXTRACT(EXNAME=KGRID,LSUB=KGRIN,ESUB=E]L 4NSUB=NI1}
EXECUTE GRAPHICS{GNAME=GEOMOFFLINE=GERRER,

X TYPE=(ORTH,POINT) ySIZE=(30,20) yR2=230,RY=20,RX20,
X EXNAMEzKGRID)

EXENUTE EXTRACTIEXNAME=MGRID,LSUB=MGRID,ESUB=E2 NSUS=N2)
EXECUTE GRAPHICS (GNAME=GEOM, TYPE=(ORTH,POINT) ,S12E=(30,29),

X R2Z=30,RY=20,RX=0,EXNAME=MGRID)

CALCULATE NORMAL MODES

PERFORM K-REDUCE

PRINT INPUTLBC)

EXECUTE MASS (OPTION=3)

PRINT OUTPUT (MASS, MDC=MD(e¢es)

EXECUTE VIBRATION (STIF=KPED,MASS=MDCOO1A,NFREQS=16¢

A SUBSETS=(NS1sNG2,N43I,N53 NG NeS5S N55sNe I N56sN5ToN6T yNo2 4 N99 1))
PRINT QUTPUT (VIBRATION,

A SUBSETS=(N51¢N42,N434N53 )NG4 NG5)NS59Ne6 sN56 yN5T yN6T 1 N624N99Y)

INTERPOLATE MODE SHAPES

EXECUTE INTEFP (N62=(BEAMSPLINE,C062), DOF=1C00, BEAMO=NUb4,
A BEAM = (NOOL3,NO65,N066), BEAMI = (NO6B TO NOTO, NO&L))
EXECUTE INTERP ( )

NS1=(MOTIONAXIS ,C51),D0F=)1000,DEFNPTS=(]1,89) ANGLES=2{90.0,90.C),
N42=( SURFSPLINE),00F=1002,

N43,00F=1000C,

N53=MOT JONAXIS, DOF=1119,0EFNPTS=({83,283,483,683),
N44=SURFSPL INE, 00F=10000,

. N45,00F=1000)

EXECUTE INTERP (
NS5=({MOTIONAXTS ,C55) 4DNF=1110,DEFHPTS=(203+663),
N56,DUF=1L110,DEFNPTS=(1463,1663,18631),
N57,00F=1112,DEFNPTIS=(285.685),

N4b=({ SURFSPL INE ,C46),DOF 21000,

N6T=(MUTIONPT),DIF=1110,

)

TMOOD>»

NRXRGC=ITO
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EXECUTE INVERP (
L NST=(POLYNUMIAL,C77),MODE4AQQ0=1,Q04MUOEMUDELALO=12.0)
EXECUTE INTERP ( AIC=N99,
A N&42={1,CA42), DDF=1000,
D N43=(1,CA43), DCF=1000)

FLUTTER ANALYSIS USING DUBLAT WITH AND WITHOUT FLEXAIR

EXECUTE DuBLAT ( CASE=3, MACH=0.8., KVAL = {.005,.002.:.0225,.0001))
EXECUTE FLEXAIR ( ID=FLNDL, DUBLAT, CASE=3, ALT=(0.0, 10300.0),

A FREEQOMS= (712263, RY263), SUBSET=NG9)

PRINT QUTPUT (FLEXALIR, 10=FLOl, ALT=C.Qs KVAL= (.035.:022,.0001)}
EXECUTE FLEXAIR { ID=FLO2, DUBLAT, CASE=3,

A FLUTFREN=0.0, FREEDOMS={TZ263, RY263), SUISET=N99, ALT=0,0])
PRINT QUTPUT LFLEXALIR, ID=FLO2)

EXECUTE ADDINT (1D=AFD, INT, FLEXAIR=FLOL)

EXECUTE FLUYTEK (GAFID= AFD. COND=4, vMaxX=2002.9)

PRINT QUTPUY (FLUTTER, CASE=l, COND=¢4)

EXECUTE EXTRACT (EXNAME=FLPL4D, LSUA=VGVF, COND=4)

EXECUTE GRAPHICS (GNAME=FLPLAD, TYPE=sGRAPH, X=V, Y1=G, Y2=F,

1 XMIN=C.0y XMAX=1000.0, Y1MIN=-.1, YLMAX=e1, Y2NIN=2.0, Y2MAX=29.0,»
2 SI2E=(6,6) EXNAME=FLPL4D)

EXECUTE ADNDINT (IN=AFE, INT, FLEXAIR=FLO2)

EXLCUTE FLUTTER (GAFID= AFE, COND=5, VMAX=2000.0)

PRINT OUTPUY (FLLTTEFR, CASE=1l, CONUL=5]

EXECUTE EXTRACT {(EXNARE=FLPLSE, LSUB=VGVF, COND=5]

EXECUTE GRAPHICS {GNAME=FLPL4E, TYPE=GRAPH, X2V, Y1=G, Y2=F,

1 XMIN=0.0, XMAX=1000.0, YININ?;.lu YIMAX=,1, Y2MIN=D.0, Y2MAX=Z9,.D,
2 EXNAME=FLPL4E)

FLUTTER ANALYSIS USING DUBLAT FOR WING, TAIL, AND BODY.
ADOITICUNAL AIRFQRCES FROM ADDINT.

PRINT INPUT IDUBLAT, CASE=2 )}

EXECUTE DUBLAT (CASE=2", MACH=0.8, BREF=1000.0, QUASI=AT,
A KVAL= (5.0y 2.0y 1.0, 0.6, 0.2}

PRINT NUTPUT (DUBLAT, CASE=2, LEVEL= (142+3+4+5))

EXECUTE ADDINY (ID = AFB,INT,NUBLAT,CASE=2,GET=73 )

PRINT UUTPUT (ADCINT, ID=AFB, XVAL= (2.0 1la2y 2.8, 0.3))
EXECUTE FLUTTER (GAFID=AFB, COND=22,
A STILL ,NMODES=10,1TER=3,DENSTITY=.0020482)

PRINT QUTPUT (FLUTTER, CASE=l, COND=2)

EXECUTE EXTRACT (EXNAME=FLPL4B, LSUB=VGVF, CCND=2)

EXECUTE GRAPHICS (GNAME=FLPL4B, TYPE=GRAPH, X=V, Y1l=G, Y2=F,
I XMIN=OQ.  XMAX=1J000e YLMIN=—lo e YIMAX=], ¢ YZMIN=J0 ¢ Y2MAX=104y
2 EXNAME=FLPL4B) .

FLUTTEP ANALYSIS USING MACHJIOX FOR 2 NON-COPLANAR SURFACES
WITH SUBSONIC LEADING ENGES

PRINT INPUT (MACHAUIX)

EXECUTE MACHBUX { MACH=].5, COND=1, BREF=100).0 ,

a &kvaL = { 10.0y 2.0, 1.0, 0.4  0.15 1))

PRINT QUTPUT (MACHSOIX, LEVEL=(1s4)}

EXECUTE ADDINT {1D=AFC, INTyMACHIUX,IGET=147)

PRINT DUTPUT (ADDINT,1D=AFC) :

PRINT LHPUTI{FLUTTER)

EXECUTE FLUITER (GAFID=aFC, COND=3,
B8 EVEC=FLUTTER, AVEC=FLUYTER,
A NMODES=10,MKF=42,4PS5=5000.0,NALT=3}

PRINY QUTPUT (FLUTTER, CASE=1, COND=3)

EXECUTE EXTRACT (EXNAME=FLPL4C, LSUB=VGVF, CUND=3)

EXECUTE GRAPHICS [GNAME=FLPLLC, YYPEzGRAPH, X=V¥, Yi=G, YZsF,
1 XMIN=420, ¢ XMAX=20004,YIMI%z=,237 ,YIMAR=,5068,Y2MIt=1,,Y2MAX*5,,
2 EXNAME=FLPLAC)

ORIGINAL py
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FLUTTER ANALYSTS USING RHO3 FOR WING wITH CONTROL SURFACES AND
DUBLAT FOR TAlL. RESULTS COMBINED USING ADUINT.

PRINT INPYUT (RHDI)

EXECUTE RHO3 { MACH = 0.8,
A KVALUES = ( 0.005, 0.002, 0.001y 0.0007, 0.0004:,0.00014)

PRINT OUTPUT (RHO3}

PRINT INPUT (DU3LAT )

EXECUTE DUSLAT (MACH=O0.8¢KVALUE={5.002¢0¢1:0¢3.7+0.4,49.1),

! ) BREF=1000.9, CQUASI=TO )}

PRINT OUTPUT (DUBLAT, LEVEL= (142,501}

EXECUTE ADDINTY {ID= AFA,ADD,INTRHO3,DUBLAT,IGAIN=2S )

PRINT OUTPUT (ADDINT, [O=AFA, KVALs= (.005, .001, 07076, .09025))
EXECUTE FLUTTER IGAFID=AFA, DENSITY»,C020482, GCROUSS*1.03,.0,.05),
A VHIN= 500.0, VMAX=1570.0, FMIN22.8, FMAXz3.5,

A EVAL=(1l TO 126 8Y 20), EVEC={FLUTTER, 1y 51¢ 1012¢ AVEC=FLUTTER)
PRINT QUTPUT (FLUTTER, COND=1)

EXECUTE EXTRACT (EXHAME=FLPL4As LSUB=VGVF,COND=1)

EXECUTE GRAPHICS (GNAME=FLPAL&A, TYPE=GAAPH, X=V, Y1=xG, Y2=F,
1 XMIN=0,, XMAX=2C00.s YIMIN==.1, YIMAX=,l, Y2M[N=Q., Y2MAX=10.0,
3 EXNAME=FLPL4A) .

EXECUTE GRAPHICS (GNAME=FLPL4Al, TYPE=GRAPH, X=V, Y1=G, Y2=F,

1 XMIN=5C04 ¢ XMAX* 15004 YIMIN==405¢ YIMAX.05¢ Y2M[N22.8, Y2MAX=3,5,
2 EXNAME=FLPLGA)

E..0 CONTROL PROGRAM

211.5

R e e
.. L R



AT

&/ MOOLEZ2 /

BEGIN MACHBOX DATA

LABEL UEMONSTRATICH PRUBLEM ~ BOTH SURFACES

B8EGIN GEUM

BOX 12 XCENTER 2710.C

SURFACE |

LEADING EDGF 51040 0.0 T61.0 65.1 2065.0 455.0 2487.0 594.0 2884.0 7)4.90

TRAILING EDGF 2715.0 0. 2715.0 6%.1 2697.C 228.0 2749.0 455.0 2R74.059 594.0 +
305%4.% 194.0

SURFACE 2 0.0 20.0 0.2

LEADING EDGE 2985.0 0N.0 3124.0 65.1 3386.0 228.9

TRAILING EDGE 3400.0 0,0 3617.0 65.1 3464.0 228.C

END GEOM

BEGIN MUDAL DATA )

USE CO62 WITH SUKFACE 1]

USE CO%3 WITH SURFACE 2

END MODAL DATA

END MACHUOX UDATA

BEGIN RHU3 DATA

BEGIN GEUMETRY DATA

MAIN SURFACE MS1

LEADING EDGE 510.0 0.0 741.0 65.1 2065.0 455.0 2487.0 59%.0 2884.0 794.0

TRAILING EDGE 2715.0 0.3 2715.0 65.1 2697.0 228.0 2749.9 455.0 2874.C59 594.0 ¢
3054.0 1794.0

DUOWNWASH BAR ¢

CHORD 0.2 ~0.86 -0.64 =-2.3

CHURD 0.45 =-0.86 ~0.64 —0.3 0.64 0.80

CHORD 0465 =—Co5%6 =0.04 ~043 2.3 ).b64 J.806

0.3 0.64 0.86
Ce3
2.3
CHORD 0.78 =0.86 -0.64 -0.3 C.3 0.64 J.86
2.3
0.3
O LJ

LR B 2 B 4

CHORD 0.88 =-0.806 -2.64 -J.3 0.64 0.36
CHORD 0.95 -0.86 -0.64 -0.3 Ne64 .80
CONTROL SURFACE CS1 HINGE 25 7 65.0 25C0.0 265.9 +

0

MODE 1 0.0 0.7 0.0 0.0 +
MODE CGol 2.0 €0 2.0 ¢
MODE 3 0.0 0.0 0.0 J0.J +
MODE 4 2.2 0.0 0.0 0.0 +
MODE 5 0.0 0.0 2.7 3.0 ¢+
MODE 6 2.0 0.9 2.0 2.0 +
MODE 7 0.0 0.2 0.0 0.0 +
MODE 8 0.0 CeQ 7.0 240 ¢
MODE 9 0.0 0.0 0.0 0.0 +
MODE 19 0.0 0.0 2.0 J.0 +
MODE 11 0.0 0.0 0.0 Q.0 +
MODE 12 0.0 C.0 2.0 0.0 +
MODE 13 0.0 0.0 0.2 0.0 +
MODE 14 0.0 0.C 0.C 2.0 ¢
MODE 15 0.0 0.7 0.0 N0 ¢
MODE 16 0.0 0.0 ¢.0 0.0
CONTRUL SURFACE C32 HINGE 2769.7 538.0 2995.0 765.0

END GEOMETRY DATA

BEGIN MUDAL DATA

USE CU42 WITH MAIN SURFACE

USE €55 WITH CCNTROL SURFACE CS1

USE COS56 WITH CONTROL SURFACE (CS2

END MODAL DATA

BEGIN OPTION DATA

LABEL UEMONSTRATION PRGHLEM -~ TWD CONTROL SUPFACES

SECTIONAL FOKCES

PRLSSUREL REPCHT .

VELOCITY PROFILE DLEL 1. DTEL 1. 0.0 1.9200901 0.5 1.30002 1.7 1.9
END OPTIUN ~ TA

END RHO3 La A

BEGIN DUBLAT DnaTa

Case 1

BEGIN GFUMFTHY DATA

LIFTING SUMFACE DATA .

PANEL T1 2985.7 33¢5.C 3386.0 3446.0 2.0 228.0 0.0 .0

211.6
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CHORD DIV 0.0 0.2 0.4 0.6 0.8 1.9
SPAN D1V 0.0 0.25 9.5 0.75 1.0

PANEL T2 336%.0 3400.0 3446.0 3464.0 0.0 223.0 0.0 0.0

CHORD DIV 0.0 1.0

SPAN D1V 0.0 2,25 0.5 0.75 1.0

END GEOMETRY DATA

BEGIN SUDSET DATA

S “SETS UF BOXES

SUBLET 1 1 TO 20

SUBSET 2 21 TU 24

END SUBSET DATA

BEGIN MOUAL DATA

USE CUS3 WITH LIFTING SURFACE 1

USE COS7 WITH LIFTING SURFACE 2

END MOOAL DATA

CASE 2

BEGIN GEOMETKY DATA

LIFTING SURFACE DATA

PANEL Wl 741.0 2500.0 1419.8 2500.0 65.1 265.0 0.0 0.9
CHURD DIV 0.0 0425 2.5 0.75 1.0

SPAN DLV 0.0 1.9

PANEL W2 1419.8 2502, 2028.0 2503.0 265.0 329.5 0.0 0.0
CHORD DIV 0492 0.25 Q42 0.75 1.0

SPAN OlLv 2.0 l.0

PANEL W2A 2500.0 2715.0 2507.90 2715.0 265.0 329.5 0.0 0.C
CHORD DIV 0.C 1.2

SPAN DIV 0.0 1.0

PANEL W3 2C28.0 25C0.1 2487.0 2825. d 329.5 594.0 2.0 € ¢
CHORD DIV €.0 .25 0.5 0o75 1.0

SPAN DIV 0.0 C.4 0.7 2.9 1.0

PANEL W3A 250V.0 2715.0 2825.0 2874.0 329.5 594.0 0.0 0.0
CHORO DIV 0.0 1.0 .

SPAN DIV 0.0 Na4 0.7 0.9 1.9

PANEL W4 2487.0 2825.0 2884,0 '3023.087 594.0 794.C 0.0 0.0
CHORD DIV 0,0 0.25 J.5 0.75 1,0

SPAN OIV 0.0 C.5 0.8 1.0

PANEL CS1 2500.0 2715.C 2500.0 2715.0 65.1 265.0 2.0 0.0
CHORD DIV 0.0 1.0

SPAN DIV 0.C 1.0
PANEL CS2 2825.0 2874.9 3023.787 305°.0 594.5 794.0 0.0 .0
CHORO DIV 0.C 1.0

SPAN DIV 0. 0.5 0.3 1.0

PANEL WF 2487.0 2874.0 28380.0 2940.0 594.0 594.0 0.0 134.0
CHORD DIV 0.0 C.5 1.0

SPAN OIV 0,0 0.65 1.0

PANEL Tl 3124.0 3338C.0 3386.90 3446.0 65.1 228.0 0.C 0.0
CHOROD Dlv 0 0 0.5 1.0

SPAN DIV 0.2 0.7 1.0

PANEL T2 3380 0 3417.0 3446.0 3464.0 65.1 223 0 0.0 0.0
CHORD DIV 0.2 1.0

SPAN DIV 0,0 0.7 1.9

INTERFERENCE SURFALZE DATA

800Y Bl

PANEL 81 0.0 6C0.J 594.0 600.9 0.0 65,1 -65.1 0.0
CHORO 0OIV 0.0 1.0

SPAN DIV 0.3 1.C

PANEL B2 0.0 000.0 594.3 6C2.0 0.0 65.1 65.1 0.0
CHORD DIV 0.0 1.0

SPAN DIV 2.0 1.0

PANEL B3 60C.0 3654.0 €32,V 3654.) 0.0 65.1 -65.1 0.0
CHURN DIV 0.0 C.t 0.2 C.3 0.4 0.5 0.6 ot 0.8 0.9 1.0
SPAN LIV 0.0 1.9

PANEL B4 600.0 3654.0 €73.0 3654.D 0.0 65.1 65.1 0.0
CHORD OtV 0.0 0.l 0.2 C.3 0.4 0.5 0,6 0,7 0.8 0.9 1.0
SPAN UIV 0.0 1.0

DUUBLET DATA

600Y 81 2CUUBLET

AXIS DIV 0.0 600.97 3564.0

RADII 0,0 65.1 65.1

END GFOMETRY DATA

211.7
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BEGIN SUBSET CaTa

SUBSETS OF BOXES

SUBSET BL 1 TO 41

SUBSET 82 42

SUBSET B3 43 TO 45

SUBSET B4 46 TO 49

SUBSETY BS SC YO 53

SUBSET B&6 %4 TO 55

SUBSETS OF STKIPS

SUBSET S1 1 15

END SUBSET DATA

BEGIN MODAL DATA

USE €042 WITH LIFTING SURFACE Bl

USE C053 WITH LIFTING SURFACE 65

USE CO4%4 WITH LIFTING SURFACE B4

USE C0&5 WITH LIFTING SURFACE B2

USE COS¢ WITH LIFTING SURFACE B3

USE CO57 WITH LIFTING SURFACE 86

USE €51 wiITH BCDY DOUBLET Bl

USE €51 wITH INTERF B80OY Bl

END MOLAL DATA

BLGIN OPTICN DATA

VELOCITY PROFILES

PROFILE P1L Co0 1.0 0.3 1.2 0.6 1.1 1.0 1.0
USE Pl ON S1

PRESSURE CORRECT IONS

USE 0.85 0.0 AS SCALAR ON B3 84

END OPT!IUN DATA

CASE 3

BEGIN GEODMETRY DATA

LIFTING SURFACE DATA

PANEL W2  51C.0 2T15.2 T4l.0 215.0 0.0 65.1 0.% 0.0
CHORD DIV 0.0 0.2 0.4 J.6 0.8 1.

SPAN DIV 0.0 1.0 .

PANEL wl T41.0 2715.0 2055.0 2749.0 65.1 455.0 0.C n.2
CHORD DIV 0.0 0.2 C.4 C.6 0.8 1,9

SPAN DIV 0.0 0.3 9.5 0.65 0.6 0.9 1.0
PANEL W2 2065.0 2749.0 2437.0 2B74.3 455.C 594.0 0.2 2.0
CHORD DIV 0.0 0.2 0.4 C.6 0.8 1.0

SPAN DIV J.C 0.4 0.7 C.u9 19

PANEL W3 ~6L7.0 2B74.C 283%.0 3054.0 594.0 794.0 0.2 0.2
CHORD DIV .0 0.2 Cu4 0.6 0.8 1.0

SPAN UIV 0.0 0.4 2.7 €.9 1.2

PANEL TC 29€65.C 3400.9 3124.0 3417.0 0.0 65.1 0.0 3.0
CHORC DI/ 0.0 0.2 0.4 2.6 0.8 1.0

SPAN N1V 0.0 1.0

PANEL Tl 3124.7 3417.0 3386.0 3464.0 65,1 228.0 Q.9 0.0
CHORD DIV €. 0.2 C.4 C.6 0.8 1.0

SPAN DIV 0.7 C.4 0.5 9.85 1.0

END GEJUMETRY DATA

BEGIN SUHBSET DATA

SUBSETS OF BOXES

SUBSET WING 1 YO 75

SUBSET TAIL 76 TO 100

END SUBSET DATA

BEGIN MODAL DATA

USE CA443 WITH LIFTING SURFACE TAIL

END MODAL DATA

END DUBLAT DATA

BEGIN FLUTTER CATA

CASE 1

ALTITUDE 0. 10000.

DAMPING O. O. 0.02 0.02 0.05

CASE 2

RSET 1 1 23 45618

RSET 21 23 45617891011 12

RSET 3 1 23 45467383910 11 12 13 14 15 16 17 18 19 20
RSET 4 3 4 5 6 7 8

CSEY 1 ®4 NUOMINAL CASE ¢

RSET 1 2 3 &
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v,

ALY
CSET 2 o( WITH ADOED SYIFFNESS IN MODES 3 AND
STIFF §S 3 3 10 4 4

10000.0 50%00.2

6y 11

0.|

RSET 1}
END FLUTTER DATA
BEGIN NODAL DATA
L 74
&/ BODY NQODES
*/
1 20. 0. 0.
2T 1060, C. 0.
*e]l 200 9. 65. 0.
45
el 200
55
sl 200
65 2580. c. O.
79 3140, c. 0.
®e]l 200 0. &S,
81 3220. c. 0.
s+l 290 0. 65,
83 3300. c. 0.
¢+l 200 0. 6S.
85 133190. G. O.
s} 200 O. 65,
87 3460. c. 0.
89 3540, C. 0.
*/
¢/ WING NUDES
./
@27 1Cu0. 65. O.
435
445
455
635 1380. 18C. O.
641
655
841 1620. 265. O.
847
855
1047 1S71. 38C. O.
1051
1059
1251 2205. 455. O.
1254
1259
1454 2409. 538. O.
1456
1459
le56 2545. 594. 0.
1658
1858 2710. 682, Q.
1860
./
®’ WING TRAILING EDGE NUDES
&/
3001 2500. 65. 0.
3101 2590. 18%2. O.
3201 2500. 26%. O.
3405 2874, 594. 0.
./
¢/ WING FIN NOCES
*/
REC WINGFIN 0. 594.
21 56 2545, +1 0.
2058 2625. «1 0.
2061 2745, «1 0.
2063 2825. «1 O
*/

l.2
10 25
30.0 71O %5
0. 0 209
T0 55
0 200
10 63
0 200
10 17
3.0
*e
6.5
L 2 4
7.9
L 2 J
2.0
e
30.0 VO 435
T0 445
T0 455
T0 463
17.5 10 64l
T0 655
Y0 663
10.0 710 847
’ T0 855
Yo 863
9.9 TO 1051
0 1059
TO 1063
8.5 TO 1254
¢ 1259
T0O 1263
6.5 TO 1456
YO 1459
TO 1463
5.0 T3 1658
* TU loo3
3.0 YO 186C
YO 1863
13.5 T0 3005
13.0 10 3105
12.5% TO 3205
1.0 TO 3605
By 100
l- 5940 Oo' 0-
3.5 YO 2456
3.5 TO 2458
4.0 TO 2461
4.0 TO 2403
211.9

1380.
176C.
2180.
2500,
1620,
2180,
250C0.
1971.
2291.
2011,
2205.
2925.
2635,
2499.
26Q9.
2769.
2545.
2605.
2825.
2710.
2910,
2815,
2995.

2715.
2715.
2715.
3027.9
OF 86.

~-1l. O,
2830,
2642,
2859.
2870.

189.
180,
tan,
189.
265.
265.
265.
380.
330.
38C.
455.
455.
459.
$36.
538.
533.
594,
59%.
594,
68C.
68C.
To5.
765.

65.
180.
265.
765.
85.

102.
100.
10C.
100.

0.
o.

o.
2.

o.

0.

0.
c.

‘z .S
31.0

13.5

22.%
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¢/ HORIZONTAL TAIL NODES

./
RESUME GLOBAL
219 T0 679 3365. 20L. 9. 2.0 B8y 200
281 10 681 3388, 2040, 9. 2.5 ¢
233 10 6L3 3412, 200. 0. 2.5 ¢e¢
28% Y0 635 3435. 200. 9. 1.0 e
¢/
*/ WEIGHT PANLL NOOFS - BODY
s/
6201 GC. 0. 0. TO 6016 3564, ¢c. 0.
6021 2. 65. 2. TU 6036 3564. &5. Q.
s/
./ WEIGHT PANEL NOOES - wWEING
*/
6100 T491.2 ©%.C 0. TO 0220 24EB7.0 994.9 C. 8Y 290
610N TO 6260 2487.0 5%94.0 (., 8Y 89
6189 T0 240 ?2487.0 594.0 Q. 8y 20
62690 10 06320 2884.0 794%.97 9. By 20
6110 2715.0 65.0 0. T0 6170 2715.3 329.5 C. By 20
6189 2715.0 329.% 0. TO 06249 2874.0 5%4%.2 0. By 20
6266 2FT74.0 S94.C 0., TO 6326 3C54.0 794.0 0, B8Y 20
61CY Tu 611c
[ X 290 V] 20
6180 TO 6189
*43 20 0 20
6260 TU o260
*+) 20 g 20
*/
»/ WEIGHT PANEL NODES - HORIZONTAL TAIL
*/
6400 3124, ov.l1 0. Tah 6403 3417. 65.1 0.
6412 3386. 228.0 0. TU 6413 3464. 228.9 0.
*/
./ WEIGHT PANEL NQDES - VERTICAL TAIL
*/
6501 337.6 0. 92.38
6502 3«72.3 (. 92.93
6503 3458.7 C. 149.8
6504 3514.0 Q. 149.8
*/
s/ WEIGHT PANFL NIUES - AING FIN
*®/
6601 24837.0 2% O. TO 6603 2880.C 594. 134.
6604 2874.5%9 594. Q. TO 6606 2S42.0 594%. 134.
END NUDAL DATA
BEGIN STIFFNESS DATA
BEGIN PFUPERTY DATA .
Pl +05 1. s{WINS FIN SPARS AND RIBS)
P2 2e C. Oe o2 4 e2 F(WING FIN ATTACHMENT BEAMS - TYPE 1)
3 10. 0. O. 100. 100. 100. *{wING FIN ATTACHMcNT BEAMS ~ TYPE 2)
P4 15 .52 ¢(CCNTRGL SURFACE RISS)
PY 0. *=2 120. 100. 0. 10. ®(BLAMS AT 455 RIS TO PICK UP SPARS)
END PRUPERTY DATA
BEGIN ELEMENT DATA
s/
®/ WING FRONT SPAR
*/
SPAR M5 N2003 227 429 012 2e
2 N2205S 429 431 o112 2. 10 N260S 433 435 +
. 8Y N2JO 2 2
*?2 NZROS 435 637 .12 2.
*«2 N20DT 637 639 «12 Le TO N2207 639 041 L
BY N2ON 2 2
.2 N340 641 843 e12 2.
*2 N36(Y 843 B45 .12 2. TO N38929 845 847 *
BY N2DO 2 2
2 NGZO9 347 1349 «l2 2.
2 N421l 1049 1051 (2]
211.1u
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¥

2 Né4el)
*2 N4ol3
.2 Ne713
.2 N&81S
2 N4915
.2 N5017
2 NSLL7?
2 N5219
s/
&/ WING REAR SPAR
\.74
SPAR M5 N5603
*2 N5605
.2 N5607
L F4 N5009
*2 NSO61L1
&2 NSo613
L 74 N3615
2 N5017
./
®/ WING INVERMEDIATE
L4
SPAR M5 N2293
*2 N3£D3
.2 N4303
2 NS50D3
®2 N3005S
*2 N32IS
€2 N4 0GOS
*2 N480S
.2 NSO0OS
*2 N3607
*2 N4GO7
*«2 N4BO7
.2 N5007
»2 N4209
*2 N4809
2 N5009
2 N4bll
«2 NG9 1
*2 N&4813
«2 N4913
.2 NSCL15
*2 NS21L7
./
®/ WING IN-BQODY SPAFRS
&/
SPAR M5 N20J1
*2 N3801
*2 N48O1
*2 N5001
*2 N5601

SPARS

1051

1253
1254
1455
1456
1657
1658
1859

263"

463
663
863
1063
1263
1463
1663

229
245
255
257
%37

%45
447

455

457.

643
647

655
657

849

855
357

1053
1256

1255
1256

1457

1659

27
45

55
57

63

1253
1254
1455
1456
1657
1658
1859
1860

453
663
863
1063
1263
1463
1663
1863

©29
©45
455
457
637

645
647

655
657

843
847

855
857

1049

1055
1957

1253

227
245

255
257

263

«40
«4C
34
.34
«30
«30
«30
<30

«20
«30
.oo
24

<36
«20

.60
.24

«20
20

.20
.20

«2C

«2’
«2C

.12

.12
.06

«06

.06

1.0C
1.80

3.0C
1.2¢C

2.0C

2i1.11

e
[ 2]
*e
e
*
*e
L 2]
L 1]

12.
12.
12.
12.

8.

4.
4.

2.
12.
12.

2.

40

12.
12.

2.

8.
190.

4.

4‘
4.

2.

10.
10.

60.
600

60.

T0

T0
8y

To
ay

N3693
N22D

NS5403
N20D
N3635
N2CO

N4605
N200

N54035
N209
N3807
N2CO
N&60
N20O0

N5407
N209
N46 )9
N209

N54029
N2CN
VeB11

[a]

NS> 13
N101
NS515
N13D
NSS17T
NICO

N365L
N239
N6 6O1
N2DC

N5401
NCDO

243

261

443

453

461
645

653

661

853

8ol
1005

lua?

1262
1462

1662

el

@61
043

653

661

845

853

861

1253

1Jol
1255

1262

leo?2
1662

1362

243

253

20l
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174

¢/ WING KIBS

*/

*/

SPAR
2
*2
.2
2

®2
*2

MS

#/ WING COVERS

*/

*/

$/ WING

*/

&/

COVER
*2

*2

.2
*2
&2
*2
*2
*2

2
*2
2
*2
2
®2

.
.2
*2
*2
*2
*2

$2
*2
®2
.2
*2
2

*2
*2

®2
&2

2
2

COVER
2

L4
*2
.2
*2

¢ g e
AR

M5

M5

NoCO1l
N6 l1C9
N&215S

N64 25
N6426
N6629
N6833

N7003
NT203
NB8bO3s
N8803
N960O3
NSB03
N1000 3
N10203
N1J40C3
N780S
N8OOS
N9&0S
NG80S
N1CO0S
N10225
N1D0405S
NE4OT
NBOCT
N9 07
NG507
N1iCoO7
N1D2Ge7
N174CT
NGCC9
NG 202
NIOHO9
NGEQ9
N10OC 29
N12C 9
N12459
NO411
NGoll
N1DdS1l
N9T13
NG813
N1D513
NG315
N10DO1S
N10S51i>
N1OLL7Y
N1C217
N1Y517

IN-BODY COVERS

NT7001
N86O1
N8E721
NG6O1
NS8O
N10QO1
N1020D1]
N1Q4%21]

221
435
6al

1051
1093
1456
1860

229
229
243
245
253
255
257
259
20l
437
437
453
455
457
459
461
643
643
ob3
0o
6517
o4v%9
661
349
846
853
855
857
859
8oi
1C53
1073
1L
12,5
125%
1262
14¢7
1457
1462
1659
1659
1662

27
43
45
53
55

99
61

229
437
643

1053
1154
1457
1861

429
429
443
445
453
455
%57
459
461
637
637
653
655
657
0%9
66 .
843
943
853
655
357
as9
61
1549
1049
11753
13855
1357
1059
10¢!
1253
1253
1262
1455
145%
1462
1657
1657
1662
1859
1859
1362

2217
243
245
253
255
257
2959
261

«25
«20
+20
«20
12
30
227
431 231
445 245
44l 247
455 255
457 257
459 259
4ol 26l
“63 263
435
639 439
655 455
657 457
659 459
661 46l
663 4¢3
641
845 645
855 655
8>7 657
859 ¢59
8bl ool
863 ¢63
847
1051 851
1555 655
1C57 857
1059 8569
1361 el
1Cn3 €63
1351
1254 154
1263 1063
125%
1450 1255
1463 1263
1456
1058 1458
1663 1463
1658
1869 1666
1863 1063
229 29
245 459
247 47
255 55
o7 57
259 59
261 61
263 63
211.12

006
<06

12
.12
«26

006
.00

.10
26

-6
<36

.10
<30

«06
06

.10
«30

-3
«32

«30
-39

<08
.08

.C8
.02

«30
« 60
i

1.30

T0

o
-2 4
TC
8y

TQ
TO
T0

8Y N20D
.oo
8Y N200

ay

14
%
16
L 1]

14
L 1
14
e

BY
v
L2
-14 (20
>

gy

«22

N20O

.22

N2DO0

N20D

.08
et

14
L X

.20

L1422
.14 .22

ay

N1OO

ola W22
ol4 .22

8y

By

3y

8y

3y

N10O

N1NO

N10O

N20O0

N20QO

.70 1.10

*e

261
461
661
1002

1462
1862

.00

.00

.00

.00

.12
.12

012
.12

.00

263
2
463
2
663

1363
1463
1863

T0
®=3

T0
=)

TO

T0
=3

T0
*=

T0
*=3

» »
Woemd ) -
MO wo
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e e e



./
./

*/
./
s/

s/
*/
*/

*/
*/

*/
*/
*/

*/
*/
*/

*/
./
«/

*/

WING FIN SPAES

SPAR MS N11001 2056 2256 P1
.2 N11003 2256 2456 .
. N11201 2058 2258 *
L ¥4 N11203 2258 2458 L]
2 N11S0L 2061 2261 .
.2 N11503 2261 248l *
.2 N11701 2063 2263 .
.2 N11703 2263 2463 .
WING FIN RI[BS
SPAR M5 N12001 2256 2258 Pl
2 N120D02 2258 2261 s
2 N12CCS 2261 2263 .
.2 N12201 2456 2458 .
2 N12203 2458 2461 .
2 N12225% 2461 2463 .
WING FIN COVERS
COVER M5 N13091 2056 2256 2258 2058
.2 N130C3 2258 2298 2261 2Csl
2 N13025 200l 2261 2263 20c¢3
%2 N12201 2250 2456 2458 2259
€2 N13233 2258 2458 2461 22¢l
L ¥] N13215 2261 2461 2463 2263
AING FIN ATTACHMENT HEAMS
BEAM  ¢5 N200N1 1456 2056 1463 P2
*2 N20023 1458 2258 1463 =
*2 N2C0 215 1461 2061 1463 ¢
*2 N2COJT 1463 2063 1461 ¢
*2 N21001 1456 1458 P3
»2 NZ21703 1458 1461 .
L ¥ N217D5 1461 1463 *
WING TRAILING EOGE CONTROL SURFACE RISS
SPAR M5 N121 263 3003 P4
*2 0 0 2 200 100 0
2 N1O2 30C3 3005 *
2 0 0 2 100 100 0
* N118 1463 3405 *
2 0 0 1 200 100 *
WING TRAILING EOGE CONTRUL SURFACE COVEFS
COVER M5 N151 263 463 3103 3CC3
€2 N153 4063 603 3203 21C3
*2 N152 3003 3103 3105 30C5
.2 N1.4 31C3 3203 3205 31C5
.2 N1S6 1463 1663 3505 34CS
*] 0 0 1 200 200 100 109
HCRIZONTAL TAIL SPARS
SPAR MS  N1¢003 279 479 .10
.2 N140Q05 479 679
.2 N1+103 281 481 «05
*2 N14105 481 681
*2 N14202 233 483 .05
.2 N14205 483 683
*2 N14303 285 485 .20
.2 N14305% 485 685

211.13
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.15
.10
.10

.5C
.ZS

1.00C
481 28

681 48

281 8
285 8

5. 0

1 .16

1 .07

1 .80

- x=3
*4
*4
*

DISCONTINUED SPAKS

&/ HORIZJONYAL TAlIL RIBS
o/
SPAR M5 N144Ol 2719 281
€2 N14501 479 481
2 N14691 678 o8l
*/
®/ HURIZONTAL TAIL IN-BOOY SPARS
./
SPAR M5 N14201 19 275
*2 N14101 81 281
€2 N1420C1 83 283
.2 N143C1 as 235
s/ .
®/ HORIZONTAL YAIL COVEFRS
./
COVEP M5 N15003 279 4719
2 s] 0 20¢ 2 =3
COVER M5 N1500% 419 619
2 0 o] 200 2 %=3
s/
#/ HORIZONTAL TAIL IN-B2DY COVERS
./
COVER MS NL5001 79 219
N15491 83 283
*/
#/ BOOY BEAMS
./
BEAM M5 N1001 1 3
*+30 0 0 2 2 2
*2 N1063 63 65 1
$+12 O V] 2 2 2 -
«/
*/ BEAMS AT 455 RIB TO PICK uP
*/
BEAM M5 N30CO2 1053 1054
244 0 o] 2 2 2
BEAN M5  N30011 1063 1062
L XY 0 0 -2 -2 =2
END ELEMENT CATA
END STIFFNESS CATA
BEGIN MASS DATA
BEGIN CONCITICN DATA
STAGE 1 CUNOJTICLN 1
END CONDITION LATA
BEGIN MASS ELEMENT DATA
PLATE F2 &-1 6201 6002 6022
PLATE 8-2 6202 6003 6023
PLATE 8-3 6303 6004 6724
PLATE B-4% 6904 6005 6925
PLATE 8-5 6705 6C0o6 6026
PLATE 8-6 6706 6207 6027
PLATE 8-7 6007 60C8 6728
PLATE B-8 6308 6C09 6029
PLATE 8-9 6309 6G10 603¢C
PLATE B-10 6010 6011 67231
PLATE B-11 6211 6C12 6032
PLATE 8-12 6012 6013 6033
PLATE B-13 6713 6014 6934
PLATE B-14 6014 6015 6035
PLATE 8-15 6015 6Cl6 6030
PLATE vi-1 6501 6502 0524
PLATE W-1 6100 6121 6121
PLATE w-2 ol 6102 6122
PLATC wW-3 6102 6103 6123
PLATE W-4 6103 6104 6124
PLATE W-5 6106 6105 6125
PLATE W-6 6105 €106 612¢
PLATE W-7 olC6 6177 61217
LTI
A

PS5
*
PS5
*

6022
6023
0024
6025
6026
6027
6C28
6029
6032
6031
6032
6C33
6034
6035

6573
Ll
6121

6122
6123
6124
6125
6l2¢6

211,14

3495,
5955,
2589.
3440,
5420.
3280,
3300ve.
4346.
4507.
4486.
3619.
4730.
3982,

947.
1738,

600,

Toh.
1151,
1667,
illz.
1190.
1659.
1638,

TO N1440S

8Y N2

TO N14505

TO N14625

8Y N2

8Y N20O
160C0. 10.
14270, 5.

45000C. 148,

—-34020. -12.

283

2

483
683

0.

2

285
rd

485

685 *
2

*=3 3C0cl.
*4 16000,
4 416032.
e  -342973.
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PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
FLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

g

g 4

61C7
61J8
6109
6120
6121
6122
Li23
6124
6125
6126
ol27
6128
6129
6140
6l4al
61642
6143
bles
6145
bleb
ATY)
6148
6149
618C
6181
61E2
6183
6l8a
6165
6186
6l87
6188
6200
6201
6202
6203
0204
6205
6206
6207
6208
6220
6221
6222
6223
6224
6225
6226
6227
6228
6260
62061
6262
65263
6264
6265
6230
6281
6282
6283
0284
6285
6300
6301
6302
6303
6304
6305
6400
6401

6196
612¢
6119
6121
6122
6123
6l24
6125
6126
6127
8128
6129
6130
6lal
6142
6143
6las
6145
6146
61417
6148
6149
8150
6181
6182
6183
6184
618%
6186
6187
6188
6189
6201
6202
6203
62C4
6275
6206
6207
6208
6299
6221
6222
6223
6224
622%
6226
6221
6228
6229
6261
6262
6263
6264
62659
62066
6281
6282
6283
62P4
6285
6286
6301
6302
6373
6304
6305
63Ceo
6401
6402

0l2é
6126
vl3l
6lal
6142
6143
6le4
6145
6146
6147
6148
6149
6150
6161
al62
6163
6164
6165
6166
6167
6168
6169
61 17C
62971
6202
6203
02034
62925
6206
0287
0208
62C9
6221
6222
6223
6224
6225
6226
6227
6228
6229
0241
6242
6263
6244
6245
6246
0247
6248
6249
6281
6282
6283
6284
6285
6206
6301
6302
6303
6324
6305
6306
6321
6322
6323
6324
6325
6326
6411
6612

6121 24617.
ol28 1335,
6129 334,
614C 195.
6lael 1415,
61’02 813-
6143 1259.
6144 1248,
6145 1720.
6146 1494,
6147 1888,
65148 498,
6149 XZbo
6160 508.
6lol 1279.
0l62 S36.
6163 532.
61564 559.
6105 10655.
6lo6 1405,
61067 1653,
6168 274,
6169 1726
6230 6l4.
6291 1286,
6212 562.
6233 786.
6204 138e6.
6295 1649.
6206 1649.
62907 421.
62738 255,
6220 207.
6221 491.
6222 692.
6223 765.
622% 816.
6225 843.
0226 687.
6227 136.
o228 94.
6240 136.
6241 522.
6242 516.
6243 536.
6244 555,
6245 580.
6240 704,
6247 119,
6249 91l.
6289 289.
62381 3Co.
6282 244.
6253 5J7.
6234 116.
6285 To.
630C 210,
6321 144,
6302 245.
€303 365.
63C4 86,
6335 Tl.
6320 184%.
6321 1632,
6322 126.
6323 2173,
6326 66,
6325 66,
6410 283,
64ll 212.
211.15
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PLATE HT=-3
PLATE WF-1
PLATE WF-2
8/ PLATES REPRESENTING
PLATE F2 F-1
PLATE F-2
PLATE k]
PLATE F-4
PLATE F-5
PLATE F-6
PLATE F~7
PLATE F-8
PLATE F-9
PLATE F-10
PLATE F-11
PLATE F-12
PLATE F-13
PLATE F-14
PLATE F-15
PLATE f-16
PLATE F-17
PLATE F-18
PLATE F-19
PLATE F-20
PLATE F-21
PLATE F~-22
PLATE F-23
PLATE F-24
PLATE F~25
PLATE F~26
PLATE F-27
PLATE F-28
PLATE F-29
PLATE F-30
PLATE F-31
PLATE F-32
PLATE F-32
PLATE F-34
PLATE F-3%
®/ PLATES PEPRE ITING
PLATE F2 . -1
PLATE p-2
PLATE p-3
PLATE P-4
PLATE P-95
PLATE P-6
PLATF P=1
PLATE -8
PLATE P-9
PLATE P-10
PLATE P-11

END MASS ELEMENT DATA
BEGIN FACTOR DATA
EXCLUDE STIFFNESS ELEMENTS
END FACTQOR DATA
END MASS DATA

BEGIN SUBSET DEFINITILN
SUBSETS OF NODAL SET 1
&/

*/
&/
*/

®/

1463 lo58 1661 1663 1859 1860 1861 1863

6402
6601
6602
FUEL
6102
6103
6104
6106
6107
6108
€124
6125
6l26
6l28
6129
6140
6144
6145
6147

6148

6149
6180
6184
6185
6186
6187
6188
6200
6204
6205
6206
6207
6298
6220
6224
6225
6226
62217
6228

6403
6602
6603

6103
6104
6105
6107
6108
6199
6125
6126
61217
6129
6130
6lél
6145
6146
6148
6149
6150
6181
6185
6186
6187
6188
6189
6201
€205
62C6
6207
6218
6209
6221
6225
6226
62217
622¢€
6224

PAYLDAD

6102
6323
6134
6I0CY
6200
6707
6208
69209
¢010
o011
6712

B e Mt ST 4 i

6203
60C4
6025
60C6
6201
6CZH
6CC9
801¢C
6C11
6012
6013

6413
6605
6606

6123
6124
6125
6127
6128
6129
o0ls5
bl46
6147
6149
6150
6l61
6165
6166
6168
6169
6170
6201
6205
6206
6237
6208
6209
6221
6225
6226
6227
6228
622

6241
6245
6240
6247
6248
0249

6023
6024
6225
602¢
6”21
0028
69329
039
62451
6N3iz
6033

211.16

6412
60694

6695

6122
6123
6124
6126
6127
6128
6144
6145
6146
6148
6149
6100
6164
6165
6167
6168
6169
62nC
6206
62905
6206
6297
6273
62290
6224
6225
62206
6227
6228
6240
024%
6245
6244
627
6248

6C22
6O23
6724
Lu2s5
0026
6027
6028
0029
60C 30
6031
6032

522.
500.
400.

129.6
8637.2
12852.9
5531.1
6919.3
107.1
442.8
545C.7
6537.8
2634.5
©011.2
5762.0
1128.9
2470.2
1825.8
4994.1
2341.4
3598.6
268.5
1651.6
3248.9
2531.0
4235.0
115.4
457.0
1190.8
1393.2
1591.2
1555.2
140.4
54.0
442.8
658.8
64E.0
5d3.2

689,
2295.
3585,
2200.
33990.
34175,
2565.
2649,
2125.
2125,
1199.

ORIGINAL PAGE Iy
OF POOR QUALITY

&/ SUBSETS FOR PLOTS
N1 = 1 IC 36C5 / NUDES FOR STIFFNESS MODEL
N2 = 6001 TG 6606 / NODES FOR MASS MODEL
SUBSETS FOR AERQDYNAHMICS
NS1 = 1 7 13 19 27 45 55 63 67 75 79 83 85 89
N42 = 227 237 245 235 263 435 44l 445 451 455 463 641 649 655 659 663 +
847 851 855 859 863 1051 1C55 1059 1063 1254 1259 1263 1459 +



N&ed = 279 283 285 479 483 485 679 o83 685
N53 = 83 283 483 683 )
N4& = 2058 2061 22ul 2458 2461
NeS = 263 3003 3CLS5 463 3103 3105 663 3203 3295
N55 = 263 463 663
N4b = 1463 3405 1603 3505 1863 3605
N56 = 1463 1663 1863
NS5T = 285 485 685
N6T = 485
N81 = 3C03 3103 3223
NB82 = 3(C5 3105 3295
N83 = 3405 3505 3605
N9l = 641 649 663
N9G = N42 U N45S
N63 = 663 863 1063 1263 1463 1863
N64 = 655 855 1055
N65 = 435 641 847 1051 1254 1456 1658 1859
N66 = 659 659 1059 1259 1459
N6l = 63 263 463 663
N68 = 55 255 455 655
N69 = 245 445
NT70 = 227 435
N62 = N63 U N64 U NS U N6b U N61 U Nu8 U N69 U NT0
SUBSETS OF STIFFNESS SET 1
*/
%/ SUBSETS FOR PLQOTS
&/
El = ALL
SUBSETS OF MASS SET 1
*/
®/ SUBSETS FUR PLOTS
*/

E2 = ALL
END SUBSET DEFINITIUN
BEGIN BC DATA
STAGE 1 $(FOR VIckATIUN/FLUTTER ANALYSIS)
OKDEF RETAIN BY [NTERNALLID
SUPPURT ASYM IN SURFACE 2
SUPPGRT TX FOR 89
RETAIN TZ FOR 1 7 13 19 27 45 55 63 67 73 76 &5 89
RETAIN TZ FOUR 227 23T 245 255 435 441 445 451 455
RETAIN TZ FOR 641 645 €49 655 659 347 851 8535 859 863 1051 17255 1059 1063
RETAIN TZ FOR 1254 1256 l«56 1459 1058 1661 1859 1860 1661
RETAIN TZ FOR 3003 3005 3123 3105 3203 32935
RETAIN TZ FOF 3305 3425 3505 36CS
RETAIN TZ FUR 279 479 ¢79
RETAIN TY FOR 2358 2061 2258 2261 2458 2461
RETAIN TZ PX RY FOR 263 463 653 1263 1463 1603 1863 285 485 685 83 +
283 483 633
END 8C DATA
END PRUGLEM DATA
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Figure 211-l.
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Figure 211-2.

Mass Model for Flutter Demonstration
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FLUTTER SPEEDS
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First Flutter Analysis, Mach=9.8 Using
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V-g Plot, First Flutter Analysis Including

Residual Flexibility Effects
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212. FLUTTER ANALYSIS OF A T-TAIL AIRCRAFT
(DECK 14)

212.1 DESCRIPTION OF ANALYSIS

This problem demonstrates the subsonic flutter analysis of
the empennage of a T-tail aircraft, the YC-14. The structural
model, shown in figure 212-1, is comprisea of BEAM and ROD
elements. All mass is defined as concentrated masses and a
nondiagonal mass matrix is produced directly by the Mass
Processor. The X-Y plane is defined as a plane of anti-symmetry
and the empennaqge is cantilevered from the forward end. The
moael is described in more detail in reference 212-1.

Doublet Lattice aerodynamics, modified to match
exper imentally obtained steady state aerodynamic derivatives, are
used. The aerodynamic modelling is shown in figure 212-2.

212.2 RESULTS

The five lowest natural frequencies obtained in this problem
are compared with experimental values from reference 212-1 in
table 212-1. Flutter analysis results are presented in the form

of V-g and V-f graphs in fi jures 212-3 and 212-4. The
experimental flutter speed is 123 knots.
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212.3 LISTING OF CONTROL PROGRAM AND DATA

BEGIN CUNTRCL PROGRAM DEMOIM
PRUPLZM [U(LSMULY = FLUTIECK OF SUBSUONIC T-TAIL AIRPLANE)

c .
c PURPSE TE PRINCIPAL CAPASILITIES OEMUNSTRATEN BY THIS
c DECK ARE
Cc le LDUBLAT AFRUDYNAMICS
C 2« AtLl AERUDYNAMICS
c 3¢ FLUTTEKR ANALYSIS
c 4s V=G AND v=F PLOTS
c
C AUTHUR Jo HOGLEY (MODEL bY YC~14 STAFF)
C
C CUKE 200k (OCTAL)
C
READ INPUT

PRINT INPUT(NUDAL)

PRINT INPUTISTIFFNESS)

PRINT INPUT(MASS)

PEINT INPUT(EC,NUDEORDER = INTERNAL )

EXECUTE EXTRACTIEZXNAME=EMP,LSUS=KGRID ¢NSUB=NG, ESUB=E4S)

EXECUTS GRAPHICSIGKNAME=GEQM, OFFLINE=GERBER,
X TYPE=ORTH,S512E=(20,20),k2=125,hY=25,RX=0,
x . EXNAMHE=E MP)

EXECUTE MASS (OPTION=3)

PERFORM K~PEDUCE

PRINT OUTPUTI(/ASSeSUMMARY  MD( =MD #22x)

EXECUTE VIBRATILN { STIF=KKED, MASS=MDCOOl1A, NFREQS=15, NMODES=10,
X SULSETS=N0OO1 TU NUOJ)

PRINT OUTPUT (VILFATION)

EXFCUTE INTZRPULATIUN t NOUO3 = ( MUTION&XIS,C0003 ), DOF
X DEFNPTS = ( 1301,165 )y ANGLES = { 04,40, 1))

EXLCUTE IRTERPOLATION ( NOOZ = ( MOTIONAXIS,CO002 )y DJIF = 010101,
X DEFNPTS = ( 744112411841 1221 JeANGL™S = ( =2544=2549=25+9~25. ) )
EXECUTE INTEKPOLATION ( NOOL = { MOTIUNAXIS.CO001 )s OGF = 010101,
X DEFNPTS = 1 S5S477 3y ANGLES = ( 90.+50. ) )
PRINT INPUT(DUBLAT)

tXECUTE DUBLAT(MACH=0.0y KVALUEZ(<e44.05+.01+.005),
XY=ANT I SYMM, 2=t{INSYMM, QUAS 1=D1 )

PHRINT OUTPUT (UUsLAT, LEVEL =(1¢2+3¢4+5)) N
EXcCUTE ADCINT(IU=GAFEM INT,DUBLAT . MACH=0.0, GET=200 )

PRINT INPUT (FLUTTER )

EXZCUTE FLUTTER (GAFID=GAFEMJDENSITY=,00237692,STILL)

PRINT INPUT(AFL)

EXECUTE AFL (KVaL= (.4 05, .01y, .005), Y=ANTI)

PRINT QUTPUT (AFLl,y LEVEL= (1+2¢304e5¢6+¢1))

EXLCUTE ADDINT (I10=GAFafF, AFl, IGAIN=20)

ExtCUTE FLUTTER (CAFID=GAFAF, EvAL=(1 YU 61 BY 7), STItLL, COND=2)
PRINT GUTPUTIFLUTTER )

EXCCUTE BATHACT (EXNAME=FLDCMI8,LSUB=VGVF,CASE=])

EXECUTE GRAPHICSIGNAME=FLUT 4 TYPE=GRAPH,SIZE={15,15)4X=V,eY1=G,

X Y2=F s XMIN=049XMAX=2250. 0 YZMINZ0Q. o Y2MAX=504

X YIMIN==, 2,Y IMAX=, 1 y EXNAME=FLDEM18)

END CUNTHCL PRUGRAM
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CEGIN MATERIAL DATA /7
Mol 0.0 ! )
TU  10.4B6 30  4.0B6 0.0 /
¢/ DOLY AND FIN SPAR MATER JAL PROPERTIES /
ned 0,0 7
T 5.2E6 3 2,080 0.0 7/ +5 SUIFFNESS FCR BODY-FIN
¢/ STADILIZER SPAR STIFFNESS /
MT0 Y B ’
13 10.4F¢ «3 4,066 0.0 /
ENU MATERTAL DAYA 7/ :
BEGIN NJIDAL DATA /
®/ M1D 300Y SPAR NODES -/
REC BIOYSN 9.0 0.0 12,112 100 0.0 12,112 49.0 0.0 20. /
S0 0.0 0.0 C.0 ¢
501 0.0 1.C 0.0 /7 ROOT NODE PITCH
502 1.0 0.0 0.2 /7 ROOT NODE ROLL
503 0.0 0.0 1.0 7 R00T NODE vaW
51 2.2 0.C 0.0
52 4.48 0.0 0.0
53 6.72 0.0 0.0
5¢ 8.96 0.0 0.0
55 9.8C 0.0 9.9
S6 11.2C 0.0 0.9
57 12.88 0.7 0,0
58 14.56 0.0 C.0
801 Q.0 2.C »1ls0 14
811 11.20 0.C -l.(‘ /
#/ AFT 8UDY SPAR NODES 7/

REC  BI0YSA  49,26225 0.0 9.360988 63.56 0.0 12,112 49. 0. 12.112 ’

LR S

59 16.77 0.0 C.0 ¢/

60 13.98 0.0 0.0 /

61 21.189 C.0 C.0 /

62 21,399 0.0 C.O0 /

63 25.409 0.0 C.O0 7/

64 27.427 00 0.0 ¢

65 29.444 0.0 0.0 /

66 31.454 0.0 9.0 /

67 33.236 C.0 C.0 ¢/

68 35,018 C.0 C.,0 /

69 36.808 0.0 C.0 7/

70 38.583 D.0 C.0 /

71 40.4C Co0 C.0 7/

72 42.25 0.0 2.0 7/

73  40.40 0.0 1l.36 / BASE OF FIN SPAR MCUNT
Te &1.40 C.0 136 /
75  42.25 C.9 1.3¢ /

17 45.50 0.0 0.C /
71l ‘5.50 ~3:5 0.C
772 4%.50 3.5 0.¢C
78 %B.55% Ced =0.8
821 23,359 0,0 -1.¢C /
831 314454 0.0 ~1.€C /
841 38.583 0, ~1.C /
®/ FIN SPAR NOOD.S /

REC FINSPL S1.33 0.C 21.905 97.48 0.0 35.094 85. 0.0 35, /
76 =.89 0.0 0.0 /

N wmN

101 0.0 0.0 €.0 / >

102 1.087 0.C 0.0 7/

193 1.782 C.0. C.0 7/

106 2.863 0.0 0.0 7

105 3,740 0.0 0.0 /

106 5.18 0.0 0.9 /

167 6e45 0.0 0.0 7

108 7,497 0.0 C.2 / a

109  8.27 0.0 (.0

117 9.14 Cu0 o0 7 q‘.‘e’q@

L1l 12.587 0.0 9.0 7 y 'y

112 11.94 0. Q.0 / %?{A
0.0 Ce0 7

116 13.676 Ce .
115 14.%52 C.0 0.C / pﬁ@
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REC FINSPY
116 15.824
117 16.574
118 17.3M
119 18.152
120 19.7%84
121 19.378
122 17.45¢

1221 17.4
123 19.475
124

19.475 «1,0

21.88069
0.0 o0
3.0 0.0
Ce0 o0
2.0 0.0
(O +] Q.0
Ce0 0.0 /
0.0 1.36
9 2.0
1.0

0.0 26.15718 97,4798 0. 35.093¢ 85. 0. 3%, /

e S S NN

/7 LOWER PIVOY FCR STARILIZER LEAD SCREW
0.0 / STAB PITCH MECH ATV, TQ FIN SPAR,
0. 7/
0.0 7/

®/ STABILIZER PIVOT MECHANISM 7/

RESUMI GLUBAL /

125 191.858 (.0 43.082 4

126 101.R58 -1.0 49.082 /

127 101.89%8 075 40.082 /

128 101.858 =.675 40,082 /

129 100.758 .075 4C.082 /

130 100.758 -.0675 47,082 /

137 100.758 0.0 40.082 /

131 101.108 0.2 42.282 / STABILIZER ROLL=YAW=PITCH MECHANISM
132 100.358 0.7 4C.082 /

133 99,108 0.0 4C.082 /

134 98.388 C.0 40.082 /

135 102.608 0.0 42.082 /

136 102.608 0.0 41.249 /

369 101.852 .675 41.082 /

361 101.856 =,075% 4l.082 /

362 102,858 .0675 40,082 /

364 171.8%8 .675 40,082 /

365 101.8%8 -.675% 40.082 /

®/ FUSELAGE SHLLL C3S /

80 54.617 0.0 12.06 / SECT &

81 65,95 0.0 12.81 / SECY 7

82 16.09 Q.0 15,02 / SECT 8

83 83.72 0.0 16.5) / SECT 9

84 96.09 0.0 18.29 / SECT 10-1i

¢/ SPAR (G /

85 54,44 0.0 12.11 / SPAR SECT &

86 65,49 0.0 12.49 7  SPAR SECT 7

ar 15.97 0.0 14.50 / SPAR SECT 8

88 83,58 0.0 15.50 / SPAR SECT 9

89 £9.0C 0.0 17.08 /  SPAR SECT 1C=11
¢/ OTHER ITEvVS /

79 98. 16 0.0 :17.94 / TRIM MOTCR

90 50,79 0.C 9.45 / SECT 6 BASIC WT
91 68.85 0.9 1C.33 / SECTI6 BASIC wWT
92 90.17 0.0 19.55 / 1270-50 BCDOY-FIM CONNECTICN
#/ FIN SECTION CG LOCATIONS /

203 91.80 0.0 23.21 /

207 GHe 09 (o] 206078 /

212 SBe56 Dol 31,77 /

218 100.44 0,0 37.21% /

221 103,85 C.0 4l.31 /

500 130, C.0 39, / ORENTATION NODE

$/  RIRIZINTAL STABILIZER NUDES

/
STAB 101.858 0.0 614249 201.858 0.0 41,249

1016858 6,693 1~} 1449 /4ANH

410249 2014858 =4.76975 4l.249 101.858 6.993

212.4

REC
RESUME GLIBAL /
150 L{leU58 0.C 41,249 /757AB SPAR ROOT
REC HTAIL 101.858 C.¢0
1414249 / 4DEG ANHEORTAL
ANALYSIS FHAME STAD 7/
1501 0e0 o2 0.C /
161 0.2 1.261 0.0 /
152 2.7 24698 D.C /
153 0.2 4.135 N0 /
154 0.0 9,571 C.C /
155 0.0 7.C08 0.0 /
156 0.5 8,059 0.0 /
3
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157 0.0 9,075 0.0
I8 0.9 10,162 040
159 0.0 11.072 0.0
160 0.9 11.914 0.0
181 049 13,105 0.0
‘162  0a0 14,0186 0.0
163 0.0 15.137 0.C
164 J.% 164118 0.C
165 0.0 17.169 0.C
166 0.0 18,221 0.0
167 0.0 19,282 0.0
168 0.0 20,323 0.2
169 Qo0 21144 0.0
170 0.0 224429 2.¢C
it 10.C 15.0 0.0 7/ ORENTATION NODE

*®/ STABILIZER PANEL~SPAR CG NODES /

REC  STABCG 0.0 2.0 41,249 100. 0.0 41,249 0o 64993 141,249 /
252 133.03C0 2.6400 0.0
254 103,.4850 5.5350 0.C
257 103.887 8.7¢1 0.0
261 104,1900 12.7¢C0 0.0
265 194,210C 1649200 0.0
269 103.9850 21.8400 0.0

RESUME GLDBRAL /7

~NALYSIS FRAME GLOBAL /

250 101471 0a3 40,63 /
REC ML 9133 Co0 21,905 $7.48 0.0 35.094 85.0 3.0 35,0 7

9999 9, 0. 0. /

RESUME GLNPAL /

END NCDAL CATA /

BEGIN STIFFNESS DATA /

BEGIN PROPLRTY DATA /

F1 1.0 o=x2 20,0 1.0 1.0 /7 RIGID ELEMENT PRCPERTY

P2 «013 #s2 20.0 o132E=-4 *=] 111100 /FWD RIGID SHELL LINKS

P3 1.0 %22 2S¢ le 1o 100. 7/ AFT ATVACHMENT COF BODY SHELLS

END PROPERTIY DATA / )

BEGIN ELEVMENT CATA  /

®/ ELEMENTS FOF MID BOOY SPAR /7

BEAM Z60 NSO . 50 51 2.6269 *=2 815796 695927 .568320

. 2.649]1 €32 ,816595 ,705220 .599445 /
2 NS0} 50 501 20, *=2 T.0 520, S0C. 110, /PITCH SPRING=ROOT
2 N%J2 5% 02 20. *=2 2,385 530, 500. 110, /7 ROLL SPRING HOOT
2 N5J3 50 %03 58 2C. 22 5,45 500, 500. 110. /7 /Aw SPRING "0NT

L S R S R S Y Y

LR S N

*2 151 51 52 2.6491 *=2 816595 ,T04522) 599445
2.6551 ox2 817135 .699525 .613247 /

*2 N2 52 53 2.6551 =2 ,B17135 699525 613247
2.633C #=2 009515 684153 570283 /

*2 N53 53 54 246330 #=2 .£06515 684153 .596283
. 2.5034 #22 737786 6555T4 (H00469 /

*2 N54 56 55 2.5034 #=2 737986 055974 570569
23657 #32 030907 64Tl o4eT5T% /

*2 N5Y 55 56 2.3667 #22 ,030°.7 ,64T4l4 447574
240209 ¢22 300787 621972 350925 /

*2 NS6 56 57 1.25204 *32 ,453769 621646 .356187
1.1928 #22 .420834 595791 .325931 /

*2 N5T 57 58 1.1928 #32 420334 .595791 .32%931

11295 822 ,387686 566946 294410 /
&/ NOMINAL AFT BUDY SPAR ELEMENTS 7/

BFAM 160 NSB 58 59 1.,3246 =2 372488 567341 294149
. 142313 #22 331577 525977 .¢5516 /

.2 N59 59 60 1.2313 #32 331577 4525907 .255016
141440 #=2 ,295293 479277 224486 /

%2 N60Q 60 561 1.1660 822 ,293293 479277 ,224486
1.0568 %32 ,26277T1 432032 .1959997 /

*2 N61L 61 62 1.0583 #32 262771 432032 ,195999
) <9776 »=2 ,233375 ,389427 109771 /

*2 N6 2 62 63 9776 %32 .233375 389427 .1697T)
«9035 ®=22 207377 353343 J14T4606 /7

*2 N63 63 66 .9035 *=2 207377 .353343 ,147466

#8390 e32 ,1844CL +323113 .130986 /
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.2 Nbé 64 65 .839) #x2 ,1846401 4323113 130984
A . ) «T836 €22 165980 4297177 117099 /
‘ .2 N65 65 66 7336 #:2 165980 297177 117099
: o 1305 ¥=22 167913 ,27275]1 106055 7
: .2 NoG6 66 67 7325 #=22 147913 L272751 106055
, <0887 #82 1332606 .254542 098681 /
‘ .2 N6T 67 &8 L6887 #m:2 132266 .2%54542 098681
| <6554 *=2 123573 ,239385 ,091087 /
' .2 N68 . 68 69 .7228 #32 118307 .239431 291145
, 6945 22 111066 ,227279 J0B5127 7
.2 N69 69 70 .6945 *22 111666 227279 085127
: : 06688 ®=2 ,1064231 .218352 080636 /
' .2 N?0 70 71 6688 ¢x2 .104231 218252 080636
7 <4620 *22 ,099621 054947 077262 /
j .2 NT71 TL 72 4620 *22 ,099521 054947 077282
1 455 %32 ,098064 ,055313 074358 /
L .2 12 17 w45 %22 91336 ,20668 00668 /
i .2 17 78 0745 %22 .N1336 ,00668 .00668 /
3 *2 TT 171 04925 32 00766 002370 .N09413 /
. 2 T7 772 404925 *v2 L,00766 002370 .009413 /
i 8/ NOMINAL FIN SPAR ELEMENTS /
. BEAM 260 N10) 101 192 500 2911 *£2 ,020029 .J09823 .038493
z 02909 ¢32 ,029%31 .009746 033200 /
: 2 N102 102 103 500 .2729 =2 017623 .0I97E0 .N38224%
: «2719 ¢32 ,017525 ,00963. 037999 /
. .2 N103 103 104 500 4039 22 016419 0094918 .038i2¢
«4015 *22 016248 009734 o 37219 ¢
*2 N10& 1C5 105 500 4015 *32 ,016248 .J09734 ,037279
+3990 *32 016077 .009651 036283 /
*2 N1J5 105 106 500 3990 =2 016077 009651 .N36283
+3943 %22 015792 .0%9535 034248 /
L ¥ N100G 106 107 500 3943 =2 915792 009535 .034240
03900 %22 015567 . 109437 .G320634 /
2 N1CT 107 1C8 500 43906 =22 019567 .039437 .032534
+ 3880 #32 L015407 4029355 031095 /
*2 N108 108 109 500 .3880 %= 015402 .979355 ,931095
#3865 ¢ . ,015288 .009322 031254 /
.2 N109 109 119 500 3865 =2 .015288 ,G07322 .0312%%
«3044 *32 .O15125 .J79242 030708 /
.2 NLLL 119 111 500 .3864 %22 ,015125 009242 (530708
: #3815 %22 014907 079145 039003 ¢/
.2 N1LL 111 112 500 3815 %22 014907 009145 .030203
#3781 %22 ,014937 009033 .029247 /
$2 N1Q2 112 113 500 ,378) *32 .014637 009033 .029247
N «3759 222 014479 .0289%4 .G23804b6 /
' 2 N113 113 114 500 43759 ¢22 .014479 .238954 .02864¢
e3T44 32 ,014369 .N93927 .028235 /
.2 Nil4 11 115 S00 2744 3=2 ,014369 .033%¢2 028235
eni23 #22 ,014213 008844 027715 /
.2 N11S 115 116 500 3723 #=27 ,014213 .008844 027715
3686 42 014929 J778409 027206 /
2 NilG 116 117 S00 3686 #:2 014729 ,008409 .027266
«3541 ¢-2 ,013917 008112 018519 /
€2 N1LT 117 118 500 3541 *=2 _013917 ,008112 18519
03466 %22 .D13769 .J37849 01564 /
. n118 118 322 118 1221 500 .3466 %32 013769 ,277849 215041
+34606 %22 ,013767 ,097349 015641 7
*2 N123 122 119 1221 119 500 3466 %32 .N13769 ,II7869 (0156641
+306C 032 017182 ,OJ15-B LUdBTE2 /
*2 N1l9 119 120 500 .3C62 #=2 .0LL1182 027544 L00RTHY?
#2650 #:=2 078381 DIT163 L033737 /
*2 N120 120 121 500 <2650 %32 008341 «J091G3 .903137
®/ FLEMENTS FUOK FIN SPAR MOUNT / ,
BEAM 260 71 13 5¢0 P17/
»2 73 74 Py /
] 2 74 15 Py ¢/
2 72 75 50C P17
.2 76 101 500 PL ¢
2 74 765 500 L,378 32 ,220340 139573 L1 / .710-50
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®/ ELEMENTS FUR PITCH-ROLL=YANW MECHANISM /
: BcAM 266 N123 121 123 PL / .
! *2 N124 121 12.P1 7
. .2 N125 123 125 (2 #s2 .0033470 .0010420 .0106670
z‘ «075 =2 ,003000 .001465 .0123800 7
! *2 N126 124 126 *12 /
“C *2  Nlen 127 360 362 Pl /
. 2  Nle6i 128 30l 363 Pl /
‘ 3] 364 260 362 1.0 *s2 .00058 1.0 1.0 10. 7
. *2 365 261 363 1.0 #322 .C0050 1.0 1.0 10. ¢
. 2 Nie2 127 52 360 Pl /
o 2 Nlbs 128 263 361 Py ’
e ‘2 264 282 360 1.0 *z2 000337 1.0 loo 10. /
o »2 365 363 361 1.0 *22 .CO037 1.0 1.0 10, 7
Dot *2  N127 125 264 1.0 822 20. 1.0 1.0 11li. 7/
: *2  Ni28 126 1365 1.0 82 20. 1.0 1.0 10001ll. 7
T *2 N129 129 127 .C7¢ ®=2 ,0023775 .000309 .00995
. «049 =2  ,001109 .00033395 .0018156 / ROLL CAGE
. .2 N130 130 128 *)2 /7
co .2 130 137 Pl /
' .2 128 137 P} /
2 137 131 Pl /
e *2 137 132 Pl /
s N132 132 133 1845 #22  .C04577 .002093 .00384% /PITCH SPRING
»2 N133 133 134 1.0 ¢=2 20.) .125 .125 ’
ROD Z60 Ni22 122 134 . 01615 / LEAD SC-€w
BEAM ZuO 131 135 ,2947 €22 .006738 .002697 011277 /-2 SPRING
2 N136 135 136 530 1.0 €22 20.0 .125 .125 /
.2 N13ol 13¢ 150 1.0 #22 20.0 .125 .125 /
»2 N1391 135 150 1.0 22 20.C .125 4125 7
®/  MASS ATTACKIENT AFMS /
BEAM 21 NGO 56 &C P3 /
*2 N3Ol 89 801 P1L /
.2 801 0 8O0 P2 /
.2 NB1 62 81 P3 ;
*2 NSI1 81 811 P17
*2 8ll 56 81 P2 /
. .2 NB2 66 82 P3 /
*2 NB21 82 €21 PL 7
.2 821 62 £2 P2 /
.2 N83 10 83 P3 /
*2 nNB3L B3 831 P 7
.2 831 66 83 P2 /
) 2 171 84 P33 /
.o *2 172 64 P3 /
0 *2 N84l B84 g4l PL 7
*2 B4l 70 86 P2 /
*/ STABILIZVR EtEMENT DATA 7
BEAM 7D 150 1501 171 1.0 #22 20. 1, 1. /
BEAM 270 1591 151 171 1.0 #22 22, 1. L. .2543 $22 .006348 .02309 .0154%
*2 NLS1 151 152 171 .2543 #22 000348 .003096 .015440
22456 #=2 .005999 .0G2715 .013552 /
.2 N152 152 153 )7L .2456 %z2 ,N05999 002715 .013552
F 22645 ®22 005537 002316 .O11436 /
*2 N153 153 154 171 ,2445 #22 ,305537 002316 .011436
©2249 #=2 _005132 .001973 .009842 /
*2 Nl15é 156 155 171 .2249 *=2 ,005132 001973 009842
<2093 #=2 .024613 ,001631 .C08158 /
*2 N155 155 156 171 .2098 #s2 .0C4613 .001631 .008158
<1887 #=22 .003967 .001415 .006221 /
*2 N156 156 157 171 .1887 *=2 .N03967 .N0L4l5 006221
® +1836 #22 ,003253 .001238 007143 /
*2 N1S7 157 158 171 .1836 #=2 .003253 .201238 007143
. 1659 €22 ,002741 .G01092 175447 /
: .2 N158 158 159 171 .1659 $=2 .002741 201092 .005447
- 21570 *=2 .002446 .000986 .004986 /
. *2 N159 159 160 171 1570 #x2 .002446 .N00986 .074886
i <1494 %22 ,002200 .000899 .N04474 /
. i'Q *2 N160 160 161 171 .1494 #s2 .002200 000899 004474
5 1402 ®=2 001923 .005797 .C03980 /
rof
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.2
.2
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Nl61
N162
Nlo3
N164
N16S
N1lbo
Nlo7
N168

N169

END FLEMENT DATA
END STIFFNESS DATA /

8EGIN
SUPP
SUPPUR
FREC

RETAIN
RETAIN
RETALIN
RETVAIN
END dC

9C HATA

/

/

161
162
163
164
165
166
167
168

169

162
163
L64
105
166
167
lo8
169

173

T Sy¥H IN SUPFACE 2 THROUGH SO

T ¥x Ty
RX RY
TY RX
TY RX
TY RX
X TY

UATA 7

BEGIN MASS DATA

BEGIN CUnDITIUN DATA

171 .1402 ¢=2 001923 .092797 .003980
«1332 #=2 001711 .000738 003680 /
171 1332 #=2 001711 000738 ,003680
«1266 *=2 001527 .000682 .003389 /
171 1266 ¢=2 ,001527 .000682 .003389
«1201 #=2 001352 000625 0034110 ¢/
171 1201 *=22 001352 9000625 .0C3110
ol13] 22 ,001184 000558 4002794 7/
171 <1131 #=2 ,301184 .000558 002794
<107 =2 ,001025 .000526 002619 /
1mn .10 =2 ,001025 .000526 00261
«1015 ¢=2 ,000903 .000482 ,0C2385 7
171 .1C15 *=2 ,2009)3 .032482 ,002386
«0953 *22 000778 .009432 .0J2135 /
L7} <0953 =2 .)00778 .900430 .002135
+0906 ¢=z2 .000683 .UJ040L .001983 /
171 25056 =2 230683 L00049! 001985
«0830 #z2 0009546 000344 021707 /

/

RX %Y KZ FUR 5) 531 502 503 /
FOR 55 7
FMR 51 53 56 55 69 62 64 66 8 T0 71 77 78 /
FOR 8C 81 82 33 34
Fik 1C3 1C? 112 118 121 /

RX RY RZ FOR 1501 152 154 157 161 165 169 /

/

/

STAGE } Cunplitmn t 0 C L 7/

«00005 L,00C0% «00005

+00005 .00005 «0009%

END CONDITIUNM CATA /

BEGIN CONCENTRAIFD MASS DATA | /

®/7 FIN MASS DATA /
Finel 193 262 [=41 .1591 «3415
FINPZ 137 207 =41 .2829 « 9505
FINPS 112 212 1=M1 L2459 « 1330
FINPSG L18 218 1=M1 .30086 1.01065
FINPY 121 221 1I=M1 .2%%3 1.2115

®/ BUDY MASS NATA /
ABSECGSH 80 «3125 15.0625
ABSECTSH 81 «2875 12.5555
ABSECC3SH 82 «l1115 13,3330
ABSTL9SH 83 « 1573 3.2900
ABSEC10SH 04 «1215 13995
AUBSECHSP 53 85 1.4%3060 «725%
ABSECTSP 59 €0 «893H « 9550
ABSECASP 64 &7 e 3447 «2429
ABSECsY 68 88 «2499 «1525
AUSECLCSP 71 69 <1210 «06175
BASICoH 51 90 1.2965% %.5190
BASIC/ ¢0 St «2649 + 40065
VTATY 74 S2 «2000 8530
MoTLR 8 1 «15C7 « 0165
MOTORSYP 77 1008 «2302
SECOATT 56 «00CH « 0200
SECTATTY €2 « 0005
SECEATT .13 « 000% +0000
SECIATT mn « 0005

&/  STAHBIL ILtR MASS DATA /

SPANEL O 1901 250 29325 .14065 .2634

SPANELL 1952 2%2 e 241 «269222

SPANELZ2 1.4 254 «13%8 <173

SPANELS 157 297 <2419 <398 1.26 1.5

SPANLELA 161 201 .« 2648 «30G0475

SPANELS lob 2GS « 19061 « 209449

SPANELS 169 20% « 1409 «2715112

D CONCENTRAZTED MASS DATA /
BEGIN FACTOR DATA /

T« /

« 8430 «6080
5.0475 4.3955
4.80615 4.5360
5.7665 5.1225
4.4285 3.6400

12.5485 14.7025
11.5425 12.2730
2.684C  3.0415
2.8550  3.2485
8.6959  9.4100
14.7140 14.8295
9.6910  9.7735
1.9250  1.8990
1.092C  1.0865
4190 ,4025
L7155  2.8245
<3615 .1490
<6985  .2750
.G935  .0935

5 .58005 .4973
5 400005  .C0U05

5 30005 00005

AR R T R T T N S S ) NN NN

«23855 /
1.527759 1.7165890
1.088: 49 1.169249
€522 /

«021968 1.129243

«526398 «759347

« 342002 «574814

NN~ -~
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EXCLUDE STIFFNESS ELEMENTS 7/

ENU FALTOCR DATA /

EHD MASS DATA /
BEGIN SUBSFY DHEINITICN 4
SUBSLTIS OF STI#EFNESS SET 1/
NIGL = %9 60 62 04 GG 68 70 T 77 / scoy
NCOZ = 74 1C3 107 112 118 121 / FIN
NOO3 = 1591 152 154 157 lo)l 165 169 / STAR
NOO4& = ALL / PLUT SET

LXCLUUE 500 171 FROM NOO4  /

EQ04 = ALL /7 ELEMENY PLUT SET
END SUBSET DEFINITION 7/
BEGIN DUBLAT [ATA /
CASE 1 /
BEGIN GLUMFTRY DATA /
LIFTING SUFFACE DATA /
PANEL HIAIL 98,159 11C.454 101.107 107.257 3.0 23.062 41.249 39,6363
CHURD DIV 0. ol o2 <% .62 .81 1.GC /
SPAN DIV 0. ol 42 o3 o4 25 46 7 8 .9 1.0 /
PANEL TAILF 63,15 114437 93.1% 113.278 0. 0. 43.5 41.249 /
CHOFD DIV 0. o) 42487 .310 43709 L4931 06275 74306 .8597 1.0 /
SPAN DIV 0. o5 1.C /
PANCL TAILU S3.1% 113.278 93.15 112. 0. 0. 41.249 38.5 /
CHNED DIV Co ol 2487 310 23709 4931 06275 7436 .8597 1.0 /
SPAN DIV 0. .5 1.2 /
PANEL TAILM ©3.19% 112 91.55 110.45 0. 2. 38.5 35.094 /
CHOFC DIV 0. o1 22487 310 3709 .4931 6275 7436 .8597 1.0 /
SPAN DIV Q. % 1.0 /
PANFL TAILL Sie55 110.45 85,406 104.280 0. 0. 35.09¢ 21.905 7/
CHOED DIV 0. o o264R7 310 .3709 44931 0275 7436 .8597 1.0 /
SPAN DIV 0. 4129 425 4375 <50 625 <75 .875 1.0 /
INTERICRENCE SUFFACEL DATA /

BUDY AdUDY / :

PANFL TOP3D 6C.2 1111 60.2 11le1 0. 1.45 21.905 21.905 /

CHOFD DIV 0 23695 .3%19 44952 5323 .5874 0101 .6327 .6780
e 1279 7709 8143 JE6EC 1D 7/

SPAN Div d. 1.C /

PANEL USIDE 60L.2 111.1 60.2 1111 1eo450 3.5 21.905 19.855 /

CHORD DIV «0 a2329 23919 4952 5323 .58T4 6101 .6327 .6780

+ 7279 7709 48140 +866C 1.0 /
SPAN DIV 0. 1.0 /
PANEL VSIPE 6022 111.1 6002 111e1 325 3.5 19.855 16.955 /

CHORD DIV e0 2305 +3919 .4952 .5323 .5874 6101 .6327 .6780
« 7279 L7709 .8140 8660 1.0 /

SPAN Div Ca l.0 /

PANEL LSIDE 6C.2 11l.1 6062 111lal 3.5 1.450 16.955 14.905 /

CHURD DIV «0 <2365 .391S 4952 5323 .5674 6101 .6327 .6780

« 7279 7709 .8140 .B866C 1.0
SPAN DIV 0. 1.0 /
PANEL BOT3ID 60.2 111.1 602 111.1 1045 0a 14,905 14.905 /
CHORD OIV e0 2365 23919 4952 .5323 5874 .0l0] .6327 6780
« 1279 47709 6140 6660 1.0 /
SPAN DIV 0. 1.0 /
DOURLET DATA ¢/
poDy Agaody Ce. 18.247 YODNUBLFTY /
AXIS DIV 60.2 T72.24 87,15 85,404 87.2916 90.0985 91.2556 92.4061
94.7118 9T.26467 S9.4% 1016317 104.28 111.1 /
RADII Dal Ze 3¢5 3295 3¢5 349 3095 305 3.5 3¢5 3.5 3¢5 3.5 0.1 /
END GEtIMETRY U(ATA /
BEGIN SUUSFT bLATA 7/
SUBSETS OF BOXLS /
SUBSET S1 &t Tu 6 /
SURSET §S2 7 T 60 /
SUBSETY '] 61 TC 18 /
SUBSET F2 79 TC 87 /
SUBSFY F3 §8 TC 9v¢ /
SUBSET Fo Y7 TC 141 7/
SUBSET Fb 142 10 1080 /
SUNDSET  UuPBOD 137 7O 199 @gY
SUBSET USBOD 200 TuU 212 8Y
SUBSET SI®BQD 213 vO 225 py

e
S )

212.9




PR

A

T RS .
R TP,

Fretyvi

T ey

s e Sy W o e emenrrgTAm a gemve s

SUBSEY LSBON 226 TO 238 8Y 1 4
SURSET B0RUN 239 TO 251 8y 1 /
SUBSETS OF STPIPS /

SUBSET Sst 1 /
SUBSEY S§s2 2 /
SUBSET SS3 3 /
SUBSEY §S4& 4 /
SUBSEYT 835 5 /
SUBSET 556 &6 /
SUBSET SS7 T /
SUBSE® §s8 8 /
SUBSET S59 9 /

SUDSET 5510 10 /
SUBSET FS1L 11
SUBSET 52 12
SUBSET FS3 13
SUBSET FS4 14
SUBSET £S5 15
SUBSET FSou 16
SUBSET FS?7 17
SUBSEYT Fyd 18
SUBSET FS9 1@
SUBSET FS10 20
SUBSEY FS1Lt 21}
suUBsSL: FS12 22
SUBSET FS13 23
SUBSEY FS14 24
END SUBSET DATA /
BEGIN M00lAL DATA /7 .

NN N NN NN NN,

o S )

USE CCO02 #iTH LIFTING SURFACE F) F2 F3 F4& FS 4
USE CCON3 MITH LIFTING SWRFACE S1 S2 /
USE C0O0O1 WITH INTEFF  AOLY ABODY /

USE C2001 wWiTH 8ADY DOLSLET ABODY /
END MUDAL DATA  /
BEGIN OPTION DATA /
VELOCITY PROFILES /
PROFILE VPRUH NLEL 160. DTEL -64e 0. 0. .005 843 .0125 1. 025 1.095
«05 1417 J075 1.166 ol 12153 2125 1elb o15 114 175 1416 o2 14145
25 1e149 o3 14158 235 14158 o4 1e153 o5 1o127 .6 1.086 o7 1.039
75 1,02 o8 1.C05 a85 <99 o9 .564 .95 oS27 975 .95% .99 742 L. 0. /
PROFILE VPPUF LLEL 160+ DTEL =64e 0. D¢ 4905 oT75 <0125 lo 025 1.118
95 14224 o375 14192 o1 1417 o125 1158 .15 1.156 <175 14158 .2 1.162
025 16166 o3 1417 o35 1e17 24 1,166 25 1elé o6 1091 o7 1.044% <75 1.02
B 1.005 485 €75 9 +%38 495 .90 .975 .B7T .99 .554 l. 0. /
USE VPRUH ON 551 552 SS3 5S4 $55 SS6 SS7T SS6 $59 SS10 /
USE VPROF ON £S1 FS2 FS3 FS4 FS5 FS6 FST FSB FS9 FS10 FS11 FS12 FS13
FSle /
PRESSURE CORRECTIONS /
USE 44092 0.0 AS SCALAR ON S1 /
USE 8930 G." AS SCALAK ON $2 /
USE 775 CoO AS SCALAX ON F2 /
USE «87)7 7.0 AS SCALAR ON F3 7/
END OPTI0LN DATA /
END CUHLAT DATA /
BEGIN AFLl CATA /
CASE 1 7/
JEGIN GEMIFTFRY DATA /
MATN SURTACE WTALL 7
LEADING COGE SFeldh 0.C 414269 101,107 23.062 39.63063 /
TRAILING [DGE 110.49%4 0.9 41.299 107.257 23.002 39.6363 /
STRIP FRACTILAS ol 22 o3 04 o5 .6 o7 o8 49 7/
MAIN SURFACE VTAIL 7/
LEADING EDNGE 93e1% CGoJ 4345 93415 0.0 38.5 91.55 0.0 35.094
£5.404 N.C 21,505 /
TRAILING EDGF 114.37 0,3 43,5 113.278 0.0 41.249 112.0 0.0 38.5
11045 243 35.064 154,28 0.0 21.995 /
STRIP DISTANCES 1412%5 3.6255 6.703 10,0546 11,7233 13,3519 15,0005
16.04G 18.2978 15,5464 / '
END GLOUAETRY DAYA /
BEGIN MODAL DATA /
USE CO002 WITH MAIN SURFACE VTAIL /
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USE CO003 wWITh MAIN SURFACE MTAIL 7/
END MODAL DATA / .
END AFl CATA /
BEGIN FLUTTER DATA /
CaASE 1 /
ALTITUDE 0.0 I'4
END FLUTTCR DATA /
ENO PROBLEM DATA /
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Table 212-1. Natural Frequencies,
YC-14 Empennage

R

Frequency (Hertz)
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Figure 212-].

Structural Model, YC-i4 Empennage
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213. 3D STRESS ANALYSIS OF A ROTATING DISK
(DECK 12)

213.1 DESCRIPTION OF ANALYSIS

A 3D stress analysis is pertormed on a rotating disk
subjected to the following loads:

o Inertia loads due to angular velocity and acceleration
» Pressure in central hole and on rim
e Thermal loading

The disk is shown in figure 213-1. Rotation is about an axis
perpendicular to the plane of the disk. The pressures act in the
plane of the disk and are uniform through the thickness of the
disk. Two thermal loadcases are applied: a uniform temperature
increase and a temperature increase varying linearly in the
radial direction and unifor - through the thickness.

A 309 sector of the disk is modelled using 20-node BRICK
elements. Only one-half of the thickness is modelled and
symmetry enforced upon the mid-surface. The model is shown in
figure 213-2.

213.2 RESULTS

Radial and tangential stress components due to constant
angular velocity, W , are presented in figure 213-3. The solid
lines represent the theory of elasticity solution (ref. 213-1).

Shear stresses due to angular acceleration, O , are presented
in figure 213-4. The solid line represents the theorv of
elasticity solution (ref. 213-2).

Radial and tangential stress components due to pressure
loading in the bore and on the rim are presented in figures 213-5
and 213-6, respectively. The solid lines represent the theory of
elasticity solution (ref. 213-1).

Element stresses due to the uniform temperature increase are
zero within the accuracy of the computer. Displacements are also
exact withir machine accuracy. Kkadial and tangential stress
components due to the radial temperature gradient are presented
in tigure 213-7. The solid lines represent the theory of
elasticity solution (ref. 213-1).

213.1




A%y

W

Py

213.3 LISTING OF CONTROL PROGRAM AND DATA

OOOOO0OOOO0O0O0

BEGIN CCNTRCL PROGRAM DEMOI2
PROSBLEM IC(CEMOL12 = 30 STRESS ANALYSIS OF A ROTATING DISK)

PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED By THIS
DECK ARE
l. 30 STRESS ANALYSIS
2+ THERMAL LOADING
3. INERTIA LOADING

CORE 140k (OCTAL)

AUTHOR R. A, SAMUEL

READ INPUT(MODE2)

PRIN™ INPUT (NODAL)

PRINT INPUT(MATERIAL)

PRINT INPUT(STIFFNESS)

PRINT INPUT(BC)

PRINT INPUTILOADS)

EXECUTE EXTRACT(EXNAME=DISK, LSUB=KGRID.ESUB=E1l,NSUB=N])

EXECUTE GRAPHICS(GNAME=BRICKS,OFFLINE=CALCOMP,RZ=30,RX=0,RY=20,
TYPE=ORTH SIZE={204920e )y LABEL=E,EXNAME=D]SK)

EXECUTE MASS(OPTION=4)

PERFORM STRESS

PRINT QUTPUTILOADS)

PRINT QUTPUTIDISP.CYL)

PRINT CUTPUTISTRESS)

PRINT CUTPUT(REACTIONS,EQCHK)

PRINTY INPUT(BC.STAGE=2)

PRINT INPUT(LCADS,STAGE=2)

EXECUTE LOACS{STAGE=2)

EXECUTE MERGE(STIFFNESSSTAGE=2,KK11=11,xX13=13)

EXECUTE MCRGE(LOACSSTAGE=2,LL11=11,0LL31231)

EXECUTE CHCOLESKY(SOLVE KK11,C011,LL11)

EXECUTE LTRESSISTAGE=2,01=00111

EXECUTE MULTIPLY(RRIL=[=LL31exK13(T)*DD11])

PRINT OQUTPUTI(LOADS L) 1=t L13sL3)=LL3),STAGE=2)

PRINT OUTPUT(CISP,STAGE=2,CYL)

PRINT OUTPUT(STRESS STAGE=2)

PRINT OUTPUT(REACTICNS,R313RR3IL+EQCHK,STAGE=2)

PURGE FILESU{STIFRNF,STRERNF, LOLDRNF)

EXECUTE STIFFNESS(BIGBRICK)

EXECUTE LOACS

EXECUTE STRESS(D1eD11)

PRINT DUTPUT(STRESS)

PRINT OUTPUT(STRESS(BIGBRICK=NODAL)

EXECUTE LOACSISTAGE=2)

EXECUTE STRESS(STAGE=2,D1=DD11)

PRINT OUTPUTISTRESS,STAGE=2)

PRINT OUTPUT(STRESS,STAGE=2,BIGBRICK=NODAL)

END CONTRCL PROGRANM
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BEGIN MATERIAL OATA
M51 <1
=200 11.3€6 <3 4.34E6 =~.003
400 9.3E6 +2 3.58E6 «003
END MATERIAL DATA
BEGIN NODAL DATA
ANALYSIS FRAME INPUT
CYL CAN 0. 0. O.. 5. 0. 0.‘ \)- 0. 50
1l 3750 0. TO 3 .:75 20 0.
2 11 5 0. Q. 01l .3 0. 0.
*+2 11 1. 0. O 0 11 l. 0. 0.
#+] 11 14375 0. 0. O 11 1,375 O« 0.
14l 4375 0. .15 TO 143 375 30, .15
*+2 11 .5 0. O. 0 11 5 0. 0.
2 11 1. 0. 0. 011 le Q0. Qe
#¢] 11 1.375 Co O¢ O }i 1,375 Ce Oo
B 4625 0. 0. TO 9 +525 30. 0O.
*+]1 11 .5 0. Q. 0 11 .5 0. ‘0.
*¢l 11 .75 Q. O Q11 75 Q. O«
e+l 11 1. 0. 0. Q11 le 0. O.
¢l 11 14125 Co O0a O 11 lale5 0. Q.
148 4625 0. 415 TO 149 625 30. .15
s+]1 11 .5 0« Q. 011 5 0 Qe
#¢]l 11 «75 0. O O 11 .75 0. Qo
*+1 11 1. 0. 0. 01l 1. 0. Oe
#¢i 11 1,125 0« 0« 0 11 14125 0. 0.
71 .375 0. 075 TO 73 375 30. 075 BY 2
*+2 11 <5 0. 00 0 11 <5 0e 0, »»
42 11 1. 0. 0, 0 11 1. 0. O. ¢#
*¢] 11 1.375 0. 0¢ O 11 1e375 0. 0. *#
RESUME GLOBAL
210 O Oe -l
21} 0. 0. l.
212 =9.7 =26 075
REORDEX FROM 212
ENO NOCAL DATA
BEGIN STIFFNESS DATA
BEGIN ELEMENT CATA
dRICK M51 1 3 143 141 12 14 154 152 2 73 142 71 13 84 153 82 8 9 145
#¢4 0 0 11 *=]9
BEAM N200 210 211 1 1.
END ELEMENT CATA
END STIFFNESS DATA
BEGIN BC DATA
SET 1 STAGE 1 / SYMMETRIC BC
SUPPQORT TZ FCR 210
SUPPORT TT FOR L1 TO 1°3
SUPPORT ASYM [N SURFACE 3 THROUGH 1
SET 1 STAGE 2 /7 ANTISYMMETRIC 8C
SUPPORT TR FOk 1 TO 198
SUPPORT ASYM [N SURFACE 3 THROUGH 1
SUPPORT TT FOR 1 TO 3 71 73 l4l TO 143
SUPPURY TZ FOR 210
END 8C DATA
BEGIN L. 35 CATA
LOAD CASE JD INTPRES ®% PRESSURE IN HOLE #
LOAD CASE ID RIMPRES #% PRESSURE ON RIM
LOAD CASE ID OMEGA *$ CONSTANT OMEGA = 2000 #
LOAC CASE IC THERM ®# UNIFORM CELTA(T) =
LCAC CASE 1D THRMLIN ## DELTA(T) = 1208R -~ 270
LOAD CASE 1L BEAKLD *®s AXIAL LCAD ON BEAM *
BEGIN INERTIA LOAD DATA
AXIS 210 211
CASE CMECA
2000.
EMD INERTIA LOAC DATa
BEGIN ELEMENT LQAD 0ATA
DIKECTION ELEMENT ~l. 0. 0.
CASE INTPRES

1 1 10000.
CASE RIMPRES
5 2 789.

END ELEMENT LOAC DATA

213.3
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BEGIN ELEMENT THERMAL LOAD DATA
CASE THERN
1 10 5 200.
END ELEMENT THERMAL LOAD DATA
BEGIN NCOAL THEKMAL LOAD DATA
CASE THRMLIN
1 TO 3 71 73 la) TO 143 =225,
9 9 148 149 -195.
12 TO 14 82 84 152 TO 154 -165.
19 20 156 160 =135,
23 10 25 93 95 163 TO 165 -105.
30 31 170 171 -4S.
34 TO 36 104 106 174 TO 176 15.
4l 4«2 181 132 75.
45 TO 47 115 117 185 TO 187 13S.
52 53 1%z 53 210.
56 7O S6 126 128 196 TO 198 300.
END NCOAL THEKMAL LOAD DATA
BEGIN NODAL LJAD CATA
CASE BEAMLD
211 FZ 1000.
ENC NODAL LGAD ODATA
ScT 1 STAGet ¢
LOAC CASE IC ALPHA ®s ALPHA = 5000 *
BEGIN INERTIA LOAC DATA
AX1S 210 211
CASE ALPHA
0. 5000«
END INERTIA LGAC DATA
END LCACS DATA
B8EGIN SU3ISET DEFINITION
SUBSETS OF STIFFNESS SET 1
El = BRICKS
Nl = ALL
EXCLUGE 212 FRO™M N1
ENC SUBSeT DEFINITICN
ENC PRCBLEM CATA

213.4
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301. ATLAS/FLEXSTAB INTERFACES (DECKS 5 AND 6)

301.1 DESCRIPTION OF DEMONSTRATION

The method used to demonstrate the ATLAS-to-FLEXSTAB and
FLEXSTAB-tOo-ATLAS interfaces is shown schematically in figqure
301-1. The structural model is shown in fiqure 301-2. The body
is modelled using BEAMs for the frames, RODs for stringers and
SPIATEs for the surfaces. The wing is modelled using SPAR and
COVER elements. All mass is obtained from a sevarate mass model
consisting of mass PLATE elements and concentrated masses. The
mass model is shown in figure 301-3. Symmetric and antisymmetric
boundary conditions are imposed in the plane ¥=0.

A reduced flexibility matrix is generated for each boundary
condition stage. A diagonal mass matrix is produced directly by
the Mass Processor. The interface routines MASSFIL and FLEXFIL
are then executed to create the FLEXSTAB input tape NASTAP.

The FLEXSTAB system is executed, producing nodal loads for
two symmetric conditions on the SDSS output tape. These nodal
loads are read by the interface routine STREFIL and written onto
the file DATARNF. The nodal loads are read from DATARNF by the
Loads Preprocessor and used to perform an ATLAS stress analysis.

In addition to the stress analysis, the Mass Processor is
executed to produce panel weights corresponding to the FLEXSTAB
aerodynamic panels. These panel weights, together with airloads
data from the SDSS output tape, are used by the routine VAMAT to
calculate net shear, moment and torsion at various cuts along the
wing and body. These net loads for each condition are searched
by the routine VAMSCN to obtain the minimum and maximum values at
each cut.

301.2 RESULTS

FLEXSTAB detected no errors while reading the ATLAS-generated
NASTAP tape. The airloads calculated by FLEXSTAB appeared
reasonable. No errors were detected by ATLAS while using the
FLEXSTAB-generated SDSS tape. Displacements and stresses
appeared reasonable.

Comparison of the VAMAT and VAMSCN results confirmed that the
correct maxima and minima were found. The body bending moment,
as calculated by VAMAT, is shown in figure 301-3.

301.1 FRECIDING F2¢S BLAMK NOT FILMED
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301.3 LISTING OF CONTROL PROGRAM AND DATA

BEGIN CONTROL HMATRIX PROGRAM DEM(OI5
PROBLEM ID (DEMUCS - ATLAS~TD=-FLEXSTAB [NTERFACE)

DIMENSION FET (100, 3),FETSI550)

C

C PURPOSE THE PRINCIPAL CAPABILITIES DEMONSTRATED BY THIS
C DECK ARE

C le ATLAS-TO-FLEXSTAR [NTERFACF
C 2. PLOTS OF MASS MCDEL

C

C AUTHOR Fo Po GRAY

C

C CORE 13Ck (OCTAL)

C

c

READ INPUT

PRINT INPUT(NOOAL)

PRINT INPUT(STIFFNESS)

PRINT INPUT(MASS)

EXECUTE EXTRACT(EXNAME=STIF,L SUB=KGRIL ESUB=E] yNSUB=NS)
EXECUTE GRAPHICS(GNAME=GECM s TYPE=(ORTHPOINT) ySIZE=(30.+2040,
X OF FLINE=GERBER ¢RZ23Ca ¢ AX*0e e RYZ20, EXNANE=STIF)
EXECUTE EXTRACTIEXNAME=MASS,LSUB=MGPID,ESUB=E4 ,ASUB=NS)
EXECUTE GRAPHICS(GNAME=GEUMoTYPE=(ORTH,POINT) ySTZF=x(30.420.0,
X RZ=304 ¢P X=0e oF Y220, EXNAME =MASS)

EXECUTE MASS({OPTION=2)

PERFORM F-REDUCE(SYAGE=1.EK]=[K1].EFRED]=[FLEK1])

PERFORM F-REDUCEISTAGE=2,[x]=Ik2]),{FrED)=[FLEX2])

PRINT INPUTI(8BC)

CALL FiLEADDIFET , MUL TRNF,MASSRNF,DATARNF)

CALL FETADD(SAVESSFsFETS4550, 140, [RR)

REWIND SAVESSF

N=1

CALL MASSFIL{TLMDCIO1A,N,N)

CALL FLEXFIL(SLFLEX1)

CALL FLEXFIL(SLFLEX2)

END

301.2
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BEGIN NODAL DATA /

1 20. 0. 1. T0O 9 340, N
101 ZO. 0. -lo ™ loq 3‘0. 0.
201 20. le 0. 10 209 340. 65,
11 420, Q. 65, ™0 83 33oc. 0.
111 ©20. C. =65, Y0 189 354C. Da
211 €20. 65, Ve o 225 980, 65.
265 2580. 65, 0. 0o 2M 306¢C. 65,
287 3460. 65, 0. TO 289 3540. 65,
s/ WING COORDINATES /
227 1060. &5. 0. 26,25 TO 245 1780. 65. e
245 1o 255 2180. 65. C.
255 TO 263 2500, &5. 0.
327 1000, 65, 9. 264,25 TQ 341 1620, 265 0D,
%45 1780, 195. 0. 22.65 TO 455 2180. 195. Co
Sal 1620 265. Ce 3.85 TO 551 2205, 455, De
651 2205, 455. OQ. 5.75 TN 656 2545, 594, Ce
156 2545. 594. 0. 3,2 10 760 2875, 765, Ve
760 Y0 763 29485, T765. Ce
34l TO 355 2180, 255. Q.
355 0 363 2500. 265. Q.
551 T0 559 2525. 455. D.
559 T0 563 2685, 455. 0.
656 0 659 <665, 594, 0.
659 TO 663 2825. 594, Oe
®/ HORIZONTAL TAIL /
279 3140. 65. 0. 1.3
779 3140, 6%« 0, 1.80 TO S§79 3365. 200. Ce 1.25 BY
281 3220. 65. 0. 4.25
781 3220. 65. 08¢ 4425 TO 981 3388. 270, 0. 1.75 BY
283 33C0. 65« 0a 4.55
783 3300. 65. 0. 4.55 7TO G683 3412. 2"0. 0. 1.30 8Y
285 3380. 65. 0. 1.40
785 3380. 65« 0a le.42 TO 985 3435. 20C. C. .80 8Y
*/ VERTICAL TAIL /
REC RECL 0. 0. Oe le Co 0o 2o -1l 0. /
85 3380. 65. 0. 3.25 /
87 3460. 65. 0. 2.40 /
1085 3460. 140, 0. « S0/
1087 3500. 140. 0o 1.82 /
./ WING FIN /
1156 2545. <1 =594 2,40 TO 1356 2830. 10C. -594. 1,80
1158 2625. «1 =594. 2.40 TUO 1358 2842. 1C0., =5%4. 1.90
1161 2745. -1 =594, 2.80 TC 136l 2859, 10C. ~59«¢. 1.95
1163 2825+ .1 ~594, 2.80 7O 1363 2870, 10N. -594, 2,25
RESUME GLOBAL
89 3540, 0. 65.
*/ wWEIGHT PANELS - BUDY
6001 0. 0. J. TO 6016 356%. Ce O.
6021 M. 65. C. TO 6036 3564 65. 0.
*/ WE IGHT PANELS - WING
6100 T4l.0 65.0 0. TO 6220 2487.0 59%.0
6100 TO 6260 2487.0 594.0
6180 TO 6240 2487.0 594.0
6260 TO 6320 28b4.0 T794.0
6110 2715.0 65.7 0. TO 6170 2715.7 227.5
6189 2715.0 329.5 C. TO 6249 2874.0 594.9
6266 287447 594.0 C. T0 6326 305440 794.0
6100 TO 6110
43 20 0 20
6180 TO 6189
*4+3 20 0 292
6260 TO 6266
*+3 20 0 20
*/ WEIGHT PANELS = HNR TAIL
6400 3124. 65.1 0. TO 6403 3417, 65.1
6410 3386, 228.0 0. TO 6413 34b64. 228.0
END NODAL DATA /
301.3
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3EGIN STIFFNESS DATA /

BEGIN ELEMENT DATA /

s/ WING SPARS /
SPAR M5 227
SPAR M5 247 447
SPAR M5 329
SPAR M5 341
SPAR M5 543
SPAR M5 551
SPAR M5 653
SPAR M5 655
SPAR M5 656
SPAR M5 757
SPAR M5 2613
SPAR M5 363
SPAR M5 562
SPAR M5 663
SPAR M5 229
SPAR M5 245
SPAR M5 445
SPAR M5 447
SPAR M5 255
SPAR MS 455
SPAR M5 2517
SPAR M5 343
SPAR M5 347
SPAR M5 355
SPAR M5 351
SPAR M5 553
SPAR M5 556
SPAR M5 657
./ WING RIBS /

SPAR M5 445
SPAR M5 341
SPAR M5 5451
SPAR M5 555
SPAR M5 656
SPAR M5 780
*/ WING COVERS /
COVER M5 229 329
COVER wr 229 329
COVER ¥, 243 3413
COVER M5 445 345
COVER M5 245 247 4
COVER M5 445 345
COVER M5 255 455
COVER M5 455 1355
COVER M5 257 357
COVER M5 259 359
COVER MS 343 543
COVER M5 343 543
COVER MS 355 555
COVER M5 359 559
COVER mMs 553 653
COvER M5 553 653
COVER M5 555 655
COVER MSs 657 7157
COVER M5 657 7157
®/ HORIZONTAL TaAfL /
SPAR M5 279 819
SPAR M5 879 979
SPAR MS 281 881
SPAR M5 £81 981
SPAR M5 283 883
SPAR M5 883 983
SPAR ~5 285 885
SPAR M5 885 985
SPAR M5 879 881
SPAR M5 979 981
COVER MS 279 819
42 00 2 #=3 0. /
COVER M5 8719 979
#¢2 00 2 %23 0. /
*/ WING FIN /

329 06 la
«10 2.0 T0 253 53 By 2 2
331 «06 1. in 339 s34 By 2 2
543 «06 1.
545 «0o6 1. T0 549 55 By 2 2
651 «06 L.
655 «26 1.
65¢ «06 1l
151 06 1.
758 «06 1l T0 759 760
363 «20 6.
563 17 6.
663 «15 4.
763 15 2.
325 ol 1. Ta 243 343 B8Y 2 2
“45 .18 l.
345 .18 1.
3417 el 2. T0 53 353 B8y 2 2
455 «3 [- 1%
353 «3 6o
357 «12 oo T0 261 361 By 22
563 .1 1. mw 345 545 BY 2 2
5647 el 2e T0 353 553 8y 2 2
555 ol 4o
557 ol Se 10 361 3561 By *~ 2
653 06 2. TC 555 655 8Y 2
65. .03 2. 10 562 662
57 .C3 1. T0 662 762
447 .17 2. TQ 453 455 BY 2 2
343 «10 145 TO 361 363 BY 2 2
5513 10 2. 0 593 555 8By 2 2
556 «:0 2. TO 562 563
657 «"6 1l 0 662 603
To1l e15 .7 10 T62 763
2217 «03
331 231 L903 T3 241 341 343 243 8Y
445 245 .73
343 «03
47 445 L,C6 0 TO 253 255 455 453 BY 2 s=3
347 447 .03 TO 453 353 355 455 By
357 257 .05 .07
357 «05 .07
336 259 .05 .C7
361 261 .13 .07 411 0 TO 261 361 363 263 BY
341 «03
545 345 .13 TO 3%3 553 555 355 BY
557 357 .05 .04 TO 357 557 559 359 8y
561 361 .15 .07 .10 .0 TC 361 561 563 363 8y
551 «15 LC7 o411 &6
655 555 .15 .07 .11 .06
656 556 o415 .07 .11 .06 TC 562 662 663 563
656 .04
758 658 404 TC 662 762 763 563
«05 &6 /
05 6 7/
<025 .5 /
025 .9/
2025 .8 /
+025 .8 7/
<10 1.3/
«10 1.3 7
.J5 .6 TO 882 885 8Y 2 2 /
05 46 TO 983 985 8Y 2 2 /
891 281 .08 /
581 881 .C35 /
301.4
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SPAR MS 1156 12%6 .02% .5 TO 1256 13%0 3Y 1CO0 100 /

SPAR M5 1158 1258 .02% .5 TD 1258 1358 8Y 1C0 100 /

SPAR M5 1161 1261 025 5 TO 1261 1361 BY 100 100 /

SPAR M5 1163 1263 .N025 .5 TO 1263 1343 8Y 100 100/

SPAR M5 1256 1258 .025 5 70 1356 1358 sY 100 110

SPAR M5 1258 1261 .025 .5 TO 1358 1361 BY 100 100

SPAR M5 1261 1263 .025 .5 7O 1361 1363 8y 100 100

COVER M5 1156 1256 1258 1158 .,025 TO 1256 1356 135R 1258
8y 100 1C0 100 !CJ /

COVER M5 1158 1258 1261 1161 025 TO 1258 1358 1361 1261
By 100 100 100 1C0 /

COVER MS L1161 1261 1263 1163 .025 TO 1261 1361 1363 1263
8y 100 100 100 100 /

®/ VERTICAL TAIL /

COVER M5 85 1385 1087 17 .0 CaC35 /

BEAM M5 85 1085 0.5 Q.1 C.l 50. 5G. 5C. /

AEAM M5 1785 1087 0.5 J.1 0.1 50. 50. 50. /

BEAM M5 87 1087 0.5 Q.1 0C.1 S0. S50. 50. /

*/ BGOY /

&/ STRINGERS /

RCOD M5 1 3 2,37 70 23258y 22/

*+2 0 0 100 100 0. O ICO 100 CCC /

*+1 0 #23 C, O *=5 /

ROD M5 25 27 4. TO «3 458y 2 2/

*+2 0 0 100 100 0. O 1CO 10C 72 C Q /

*+| O *x3 0, J #=5 /

ROD M5 45 47 5435 TC 67 69 BY 2 2 /

*42 0 0 100 100 0. 0 180 10C O C O/

s¢1 0 #=3 0. 0 *=5/

ROD M5 69 7L 4. TQ 15 717 BY 2 2 /

*+2 0 0 100 100 2., 0 1CD 10C C C O /

ee) O *=3 (. 0 *=25 /

ROD M5 77 19 2.37 TO 87 89 By 2 2 /

*+2 G 0 100 1C0 C. O 100 102 Q 0 O /

*+1 0 =3 C. C *=5 /

SPLATE M5 1 3 2C3 201 .74 YO 25 27 227 225 BY 2 *=3 /

SPLATE M5 201 2C3 103 101 «N& TO 225 227 127 125 #* /

SPLATE M5 27 29 229 227 JC6 T0O 43 45 245 243 s /

SPLATE MS 227 229 129 127 .06 TO 243 245 145 143 %=/

SPLATE M5 45 4T 247 245 I8 TQ 67 69 269 267 %% /

SPLATE M5 245 247 147 145 .08 10 267 266 169 167 s /

SPLATE M5 69 71 271 269 .06 TO 75 77 277 275 e /

SPLATE 4¢ 269 271 171 16S 06 YO 275 277 177 1715 s+ /

SPLATE 45 T7T 79 2719 277 N4 TD €7 89 289 2B7 %% /

SPLATE 45 277 279 179 177 .04 TO 287 28S 189 187 =»= /

%/ BODY FRAMES /

BEAM M5 1 201 3. N, 0. 50. 50. 50. 7TO 27 227 BY 2 2

*+l 00 100 Q0 7. *=5 0 10C Q *=3 /

BEAM M5 29 229 4.5 J. 0. 5). 50. 50. TO 45 245 BY 2 2

*+1 0 0 100 0 O. *=5 0 100 C ¢=3 /

BEAM M5 47 247 6. 0. C. 50. 50. 5Cs TO 69 269 8Y 2 2

®+1 0 0 100 0 Q. *=5 QO 100 0 *=3 /

BEAM M5 71 271 4.5 0. C. 50. 50. 50. [TO 77 277 BY 2 2

*+1 0 0 100 0 Q. *=5 0 10C C #=3 /

BEAM M5 79 279 3. 0. 0. 50. 5N. S0. TO 89 289 BY 2 2

*#( 00 100 2 0., #=5 C 170 C #=3 /

BEAM 9 209 14,0 0. 0. 75, 75. 75. /

*+1 0 100 0 0, *=5 /

BEAM 27 227 14,0 0. Os 75. 75« 75. /

*+1 0 LOO C Q. #=5 /

BEAM 45 245 62. 0. 2. 450, 450. 450, /

*+1 0 100 C 0. *=5 /

BEAM 55 255 62. 0. 0. 450. 450, 450, /

*+1 C 100 0 0, *=5 /

BEAM 63 263 62. 0. 2. 450. 450, 4592. /

*+] 0 1CO0 0 0, *¢=5 /

BEAM 79 279 14, 0. 0. 75, 75. 75. /

*+1 0 1CO O O, *35 /

BEAM 85 285 l4. 2. 2. 75. 75. 75. ‘

#¢1 0 100 0 0., *=5 /

301.5
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BEAN
BEAM
BEAM
BEAM
BEAM
BEAM
BEAM

ATTACHMENT OF WING FIN

15 656 1156 663 1|.
15 058 1158 363 1.
15 661 1161 663 1.

0. Ca .1
te Co ol
0 Co ol

15 663 1163 6861 1. ¢ Co 41

15 o656 658
15 658 &6l
&5 661 663

10« Ua 0.
10« O0a 0.
10. 0. Q.

100.
10C.
199,

— g P o

'S S
40C.
1ae,
10,

BEAM 25 89 289 0. 0. C. iCTJJ. *72

BEAM 25 189 289 ¢» /
END ELEMENT DATA /

END STIFFNESS DATA /
8EGIN BC DAYTA /

o

190,
120.
100,

8/DRDER BODY, FINyWING-FIN,WING HORIZONTAL TA[L

STAGE 1 /

RETAIN TZ FUOR 3 9 15 23 31 39 45 53 61 67 75 83 87 85 103< 1787
RETAIN T2 TY FOR 1156 1356 1358 1157 ll6l1 1361 1363 1163
RETAIN TZ FOR 223 331 231 337 237 245 355 255 363 26)

267 543 345 551 349 555 563 656 659 663

762 T6l 763 359 559 w6l Te2 279 979 981

281 283 983 985 285

SUPPJRT TIx T2 RY FOR 89

SUPPL'T ASYM IN SURFACE 2 THROUGH 1

SYAGE 2 /

RETAIN TY TZ FOR 3 9 15 23 31 39 45 53 61 67 75 83 87

RETAIN TZ Ty FNR 85 1085 1087

RETAIN YZ TY FQOR 1156 1356 1359 1158 1161 1361 1363 143

RETAIN TZ FOR 223 331 231 337 237 245 355 255 363 283
267 543 345 551 349 555 563 656 659 063
76C 761 763 359 559 6461 762 279 9719 981

281 283 983 985 285
SUPPORYT TX TY TZ RX RY R2 FQOR 89
SUPPORT SYMM IN SURFACE 2 THROUGK 1

END BC DATA /
BEGIN MASS DATA
BEGIN CONDITION DATA
STAGE 1 CONOITION 1 O
END CONDITION DATA

BEGIN MASS ELEMENT DATA
PLATE F2 8-1 6NC1
PLATE F2 8-2 6002
PLATE F2 8-3 6003
PLATE F2 8-4 6004
PLATE F2 8-5 6005
PLATE F2 £-6 6006
PLATE F2 H-7 6007
PLATE F2 B-8 50C8
PLATE F2 B8-9 6009
PLATE F2 B-10 €210

PLATE F2 8-11 w011
PLATE F2 B-12 6012
PLATE F2 8~13 6213
PLATE F2 B~l14 6N14
PLATE F2 B8-15 6215
PLATE F2 wW=1 6100

PLATE F2 W=2 6101
PLATE F2 WwW=3 el02
PLATE F2 W-4 6103
PLATE F2 W=H 6104
PLATE F2 HW=o 6105
PLATE F2 wW-7 6106
PLATE F2 wW-8 6107
PLATE F2 wW-9 6108

PLATE F2 wW-10 0109
PLATE F2 w-11 6120
PLATE F2 W=12 6121
PLATE F2 w~-13 bl22
PLATE F2 W-l4 6123
PLATE F2 W=15 6124
PLATE F2 W-16 6125
PLATE F2 wW-17 6126
PLATE F2 wW-l18 6127
PLATE F2 w-19 6128

e . WP — T

6002
6003
6024
6005
6JC6
617
&6CNE
61C9
60172
6C11
6C12
6013
6C14
6015
6Cl6
6101
6112
61n3
61C4
6105
6176
6107
6108
6109
(9%
6121
0122
6123
6124
6125
6126
6127
6128
6129

6022
6023
6024
€029
6026
6027
6028
61729
6930
6C31
6232
6033
6034
6035
6336
6Lt
6122
6123
6124
6125
6126
6127
é612e
6129
6130
6lal
6142
6le3
6144
6145
6146
6147
6148
6149

6022
0023
8024
6025
5026
6027
6328
6029
6030
6731
6032
6033
6034
0035
6129
6121
6122
6123
ol24
6125
6126
6127
6128
6129
6140
614l
6L
6143
blés
6145
6146
6lée?
6l48

3495,
5955.
2589,
344t
5420.
32€0.
33C6.
4346.
4507.
4486.
3619.
4730.
3g9s82.

q‘ 7.
1768,

168,
1151,
1667,
1112,
1190,
1659.
1988,
2467,
1335,

333,

795.
L1415,
+ 81 3.
1259,
1248,
1720,
1494.
12388,

498.

301.6
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I

i
.o

PLATE
PLATE
PLAYE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLAYE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATF
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
P TE
PLATFE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

®/ PLATES REPRESENTING

PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

PLATE

PLATE
PLATE

F2

W=-20
w=21
w-22
w-23
W=2e
w=-25
w-26
W-27
W28
w-29
W=-30
W=l
W-32
k=33
Ww=34
W=-35
w-36
W=37
w-38
w-39
n=4%0
K-41
W-62
A4-43
W46
IR A
w-%6
He&e?
W-4f
W=-9
wW-5C
W=-51
w-52
W=53
w=-54
w-55
w=56
W=ST
w=-53
=59
w=060
W=-01
w-062
W-¢3
WH-64
W=65
R=06
We07
W-08
W-69
w=-170
W=-T1
W=-72
W-73
wW-74&
W-7%
AT-1
HT~2
HY-3

F-1
F-2
F-3
F-b

6129
6140
6141
6142
6143
61 44
0l 4S5
6146
olel
6148
6149
6180
6131
6182
6183
6184
6185
6186
6187
6188
6200
6201
6202
6203
6204
0205
6206
6227
6208
6220
6221
0222
6223
6224
6225
6226
0227
6228
6260
620l
6262
6263
6206
626

6280
6281
6282
$283
6284
285
63C0
6301
6302
6303
6304
63305
6400
6401
6402
FUEL
6102
6103
6106
6106
6107
61C8
6124
6125
6126
6128
olz2e
6140
6144

6130
6141
6142
6143
6144
6145
6146
oléer
6let
6149
6150
6191
6182
6183
6184
6135
6196
6187
6138
6186
62C1
0202
6203
624
6205
6206
6237
6208
6209
6221
6222
6223
6224
€225
6226
6227

229
02209
6261
6262
6263
626%
6265
6266
6281
6282
6283
6284
6285
6236
6301
6322
6303
6304
6305
6306
6401
6402
6473

6103
ol04
6105
6107
6108
6119
612%
6126
6127
ol2¢
6130
oléel
0l45

6149
6160
6lo1
6162
6163
61646
6165
6166
olo?
6158
olo9
6207
6221
6222
6203
0204
6205
6206
6207
6208
6220
6221
6222
6223
0224
6225
6226
6227
6228
624C
6241
60242
6243
6244
62%5
6246
6267
6248
623"
6231
6282
6283
62834
6235
6320
6301
6392
6303
63C4
6305
632C
6321
6322
6323
6324
6325
6«10
6411
6412

ol22
6123
6124
6126
6127
6128
6les
61645
6146
6l48d
6149
6160
6lo4

301.7

Lo

W N A A ¢ hen % b e

126.
508.
1279.
536.
$32.
sse,
1055.
1405.
1953.
274,
172,
6lé.
1276,
562.
786.
1386.
1249,
16‘9.
‘21.
255.
207.
497.
692.
765.
8lé6.
843,
637.
13e.
9%.
136.
522.
Sleé.
536.
555.
580.
174,
119.
Sl.
289.
206.
244.
507.
l16.
76.
216.
l144.
245,
365.
86.
1.
184,
169.
126.
273.
66.
66.
283,
212.
522.

12G.6
8637,2
128%2.9
5531.1
6919.3
107.1
542.8
5650, 7
5537.8
2604,5
“C011.2
762.C
.28.9
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PLATE F£2 F-le& 6145 6146 61606 6165
PLATE F2 F-15%5 6147 6148 olo8 bl6T
PLATE F2 F-=16 6143 0149 6169 6108
PLATE F2 F-17 6149 6150 6117C 6169
PLATE F2 F-18 6180 6181 6201 o200
PLATE F2 F=19 6184 6185 6205 6204
PLATE F2 F-20 6185 6186 6206 6205
PLATE F2 F-21 6186 6187 62C7 62%6
PLATE F2 F-22 6187 6138 6202 6207
PLATE £2 F-23 6188 6189 6239 6208
PLATE F2 F-24 6200 6201 6221 6220
PLATE F2 F=25 6204 620% 6225 6224
PLATE F2 F-26 6209 0206 6226 6225
PLATE Ff2 F-27 6206 6207 6227 6226
PLATE F2 F-28 5207 6208 6223 0227
PLATE F2 F=29 6208 62N9 $229 H228
PLATE F2 F¢-30 6220 6221 6241 6240
PLATE F2 F-31 6224 0225 6245 0244
PLATE F2 F-32 6225 6226 6266 6245
PLATE F2 F-33 6226 6227 6247 6246
PLATE F2 F-36 6227 5228 6248 6247
PLATE F2 F-=35 0228 6229 6249 6248
®/ PLATES FEPRESENTING PAYLUAD
PLATE F2 P-1 6702 6C03 6023 6C22
PLATE £2 p=2 6203 6C%% 602« 6023
PLATE F2 p-3 6906 6005 6725 w024
PLATE F2 P-4 6005 6006 6026 6025
PLATE F2 P-5 6C06 6327 6027 5026
PLATE F2 P=6 6907 6008 6028 60227
PLATE F2 pP-7 63C8 6009 6129 6028
PLAYE f2 P-8 6009 6CLC 623C 6029
PLATE F2 P=-9 621C &Nt 56331 603C
PLATE F2 P-10 od1ll 6712 6932 6031
PLATE F2 P-11 6C12 6013 6033 6032
END MASS ELEMENT DATA /
BEGIWN CONCENTRATED MASS DATA 1 7
1156 125. /
1356 1C0. /
1358 100. /
1158 125. 4
1161 125. /
1361 10C. /
1363 100. /
1163 125. /
85 150. /
87 150. /
1085 150. /
1287 150. /
END CONCENTRATED MASS CATA | /
BEGIN LUMPING DATA 7/
LUMP MASS SUBSETS 1 AT NODE SUBSET 1 7/
2 0 0 o1 0 0 o1 7/
END LUMPING DATA 7/
SEGIN FACTOR DATA
MASS FACTOR 32.117 /
EXCLUDE SVIFFNESS EL EMENTS
END FACTOR DATA
END MASS DATA /
BEGIN SUBSET DEFINITION /
SUBSETS OF NODAL SET 1 /
Nl = 3 TO 87 /
N2 = 223 TO 267 331 YO 763 /
N3 = 279 281 283 285 9719 981 983 935 7/
N5 = ALL /
N6 = 6000 TO 6499 /
EXCLUOE No FROM N5 /
N10 = 6000 TO 6099 /
N1l = 6100 TO 6399 /
N12 = 6400 TO 6499 /
SUBSETS OF STIFFNESS SET I /
El = AL /
301.8

24793.2
1825.8
4994.1
23414
3598,6
208.5
1691.6
3248.9
2531.0
4235.0
775.4
457.0
1192.8
1393,.2
1501.2
155%5.2
lad. &
54. O
462.8
658.3
648.0
583.2

680,
2295,
3585.
220%.
33a0,

3475,
2965.
20460,
2125.
2125.
1190.
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SUBSEYS OF MASS SET L 7/
El = [N N1O /
€2 = IN N1} /
E3 = [N N12 /
Ee = ALL !
END SUBSET OEFINITION /
END PROSLEM DATA /
B8EGIN SLENDER BODY DATA 7/

Ue 0. 1 1} 1 13 1
END DATA /
AEGIN VERTICAL THIN BODY DATA /

O. O. 0. 1.520796 14 14
BEGIN PANEL DEFINIYION DATA /

1 2 2 2 3 2 9

END CATA 7/
BEGIN VERTICAL TH!N BODY DATA 7/

Je 594, Oe 1.57C7S6 17 17
BEGIN PANEL DEFINITIUN NATA /

S 3 [ 3 7 3 L]
4 3 3 3 5 3 S
1 3 2 3 3 3 4
END CATA /
BEGIN HOFIZONTAL THIN 30DY DATA /
Oa Q. Ce C. 33 33 0
BEGIN PANEL DEFINITION DATA /
1 4 2 “ 3 4 4]
3 4 < & 4 [ 5
5 3 4 4 13 % [
& 4 13 4 15 4 3
8 4 15 4 7 4 n
8 4 7 4 24 4 o
8 L) 24 & 9 4 12
10 4 Q 4 11 4 o)
4 4 12 L] 13 ) bl
13 ) 12 “ 14 4 15
15 ) 14 4 lo b 7
7 4 16 4 25 ) 24
24 “ 25 4 17 4 Q
14 “ 18 4 19 4 16
i16 4 19 o 26 4 25
25 4 26 4 20 3 17
19 ) 21 4 2 3 19
19 4 22 o Py 3 26
26 4 27 4 23 4 29
€ND DATA 7/

BEGIN HIRIFZONTAL THIN 2UDY JATA /
0. Qe 0. 0. 60 6C ¢
3EGIN PANEL OEFINITIUN DaATA  /

1 b} 2 5 3 5 e

4 5 3 -] o b S

5 5 6 S 7 5 8
END OATA /

END FLEXSTAB DATA 7/

£

2 Y
1 3
W] /
(o] 8
3 14
3 /
3 /
27 19
(4] ’
4 /
4 /
. /
9 /
0 /
4 /
0 4
V] /
“ /
- /
o /
4 /
‘o 7/
£ /
o /
b /
“ /
4 /
3 3
5 /
S /
5 /
301.9
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BEGIN CONTROL MATIRIX PROGRAM DENOCSH
PROBLEM ID(DEMROS6 - FLEXSTAB=TO-ATLAS INTERFACE, VAMAT/VAMSCN)

PURPOSE THE PRINCIPAL CAPABILITIES DEMCNSTRATED BY THIS
DECK ARE
1o FLEXSTAB-TU-ATLAS INTERFACE
2. SHEAR, MOMEAT AND TCRSICN CALCULATION VIA
VAMAT
3. SUMMARY OF CRITICAL LCADS USING VAMSCN

AUTHCOR F. P. GRAY
CORE 130k tocrTaL)
DIMENSION FET(3001.FETLIIS5S0)FET2(S550) ,FETI(550) ,FETA(55D)

CALL FILEADDIFEY, DATARNF)

CALL FETADDUSAVESSF.FEY1,55041,Co TRR}
CALL STREFIL

PRINY MATRIX{DATARNF,Qeeesses)

READ INPUT

PERFORM R-STRESS

PRINT OUTPUT(LOADS)

PRINT OUTPUTL{STRESSES)

PRINT DUTPUT(DISPLACE)

EXECUTE MASS

PRINT QUTPUT (MASS,MDC=MDCeses , SUNMAF Y)
CALL FILEADDIFETY,DATARNF,MASSRNF)
CALL FETADDISAVESSF,FET1,550,1,9¢1RR)
CALL FEYADDUSAVESS1.FEV2,55001,0,1RR)
CALL FETADOL SCOOSSFFET3,550.1,C,IRR)
CALL FETADOUSCOLSSF¢FET4.550.,1,0,1RR)
CALL VAMATY

CALL VAMSCN

END

301.10




vl

-

-

#/ MOCE2 /
BEGIN NODAL DAYA
1 20. Q. le 0 9 34C 0. 65.
101} 20. a, =-1. 10 109 362 Ca 65,
201 20. le C. 10 209 3490. 65. 0.
it 420. 0. 65, T0 83 3320. e 65.
lll 5200 0- -65. m 189 35‘00. o. '65.
211 420, 65. 0. T2 225 98J. 0S. C.
265 2580. 5. 0. 10 277 3060. 65. 0.
287 3460. oS, 0, ™0 289 3540. 65. N.
o/ WING COORDINATES
227 1060, 65. Q. 26425 1D 245 1780. 65. 0. 36.35
265 Ya 255 2180.  65. . 28.8
255 To 263 2507, 65. %, 12,9
327 1060. b5, Qs 26.25 TO 241 1620. 265, o158 8.85
45 1789, 195, Q. 22.65 YO 455 21R0. 195. 0. 20.t5
551 1022, 265. 0. 8.85 YO 551 2205. 4S5, O 5.75
651 2205. 455. C. 5.75 TD 656 2545. 594, Ce 3.2
156 2545. 59, C. 3.2 YO 769 2875. 765, N «75
760 0 763 2995. 7To05. Q. l.85
341 G 355 2130, 255. 0. 20415
355 TN 363 25 Ce 265, 0. 11l.25
551 TO 559 2525. 495. Je 100
559 Q0 563 2585. 455. 0. o
656 0 659 2605. 594. Q. 485
059 TC 663 2825. 594. C. 2.4
=/ HORIZONTAL TAIL
277 3140, 65. C. 1.8C
7179 31e0. 65. 0. 1.30 7O $79 3365. 200. C. 1.25 8y 10
281 322). 65. 0. 4.25
T31 3220. 5. D. 4.25 TO 981 3388, 200. 0. 1.75 8y ICcC
283 3300. 65, D 4.5S5
763 3300. 65. Q. 4.55 TO S8&3 3412. 27C. 0. 1.30 8y LCO
285 3389. 65. 0. 1la4¢
785 3380. 65, 0. 1,4C TO 535 3435. 20C. Q. .80 Ay 100
®/ VERTICAL TAIL
REC RECL 0. 0. 9. 1. Q. 0. 7. -1. 0.
35 3380. 65. (. 3. 25
37 3460. 65. C. 2.47
1085 34060, 1l40. C. 1.5C
1C&T 350C. 140. ¢. 1.9
./ WING FIN
115 2%e%. .1 =594. 2.%C TQ 1356 283C. 100. -594. 1.80 8Y 1J0
1153 20625. 41 =5C4, 2,40 TN 1358 2942. 100. -%94&. 1.9C 8Y 1
1161 2745. <1 =564, 2.8 TC 136l 2859. 100. ~594. 1.95 8y 102
1163 2825. .1 =594, 2.80 1) 1363 23797, 100. -594. 2.05 3Y 100
RESUME GLOBAL
89 3543, 0. 65.
./ AIRLOAD PANEL NOCES
s/ 800Y
5100 c. . 3. TO 5112 3564, 0. 2.
5251 ta 26.1279 (.
5252 297. 26.127° (.
5253 297. o03.5215 C.
5254 594. 63.5215 C.
52C2 594. 65.1 C. TO 5212 3564. 65.1 0.
./ WING
5400 T61. 65.1 0. TO 5405 2715. 65.1
5410 1017.7530 146.6 0, TO 5415 2705.9945 146.6
5422 294.1665 229, 0. T 5425 2697 228.
543) 1677.6854 34l. e TO 5435 2722.8855 36l.
5447 2765. 455, 0. TO 5445 2749, 455.
5452 2487, 594. Ce TO 5455 2874.059 59,
9460 2689.4¢7 690. 0. TO 5405 296%.8239 6S6.
5470 2884, 794, 0. TO 5475 3054. 1€4.
./ HOR TAJL
5500 31i2¢. 5.1 0. TO 5502 3417 65.1
5510 3255.0804 146.6 0. TO 5512 34«d.5l44 146.6
5520 3386. 228. 0. TO 5522 3464 228.
s/ VERT WING FIN
5313 2487. 594. 0. TO 5315 2880. 594. 134,
5316 2680.5 59¢. 0. TO 5318 291C. 59¢. 136,
5319 2874.059 9. 0. TO 5321 296C. 59. 13e,
301.11
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s

./

s/

3
Lo ]

[ XX ]
./

*/

./

BEGIN
»/
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAQ
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPaR
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
SPaRr
*/
SPAR
SPAR
SPAR
SPAR
SPAR
SPAR
*/
COVER
COVER
COVER
COVER
COVER

WEIGHT PANELS - 80DV
6021 0. 0. 0. YO 6016 3566. Ce
6021 0. 65. 0., TO 6036 3566. 65.
WEIGHT PANELS - WING

6109 T4l.C¢  6S5.0 C. YO 6220 24387.0

6100 TO 626C 2487.0
6180 TO 6240 2487.0
6269 YO 6329 2884.0

6110 2715.0 6S5.0 0. YO 6170 2715.0
6189 2715.0 12%.5 C. TN 6249 2874.0
6266 2074.0 594.0 C. YO 6320 3054.0

6100 YO e6ll0
20 0 20
6180 TO 6189
20 o 20
6260 TO 6266
20 0 20
WEIGHT PANELS - HOR TaAlL
0400 3124. 65.1 0. TO 6403 3617.
6A10 3386. 228.0 0. TO o4l3 3464,
WEIGHT PANELS - VERT FIN
6501 3374.6 O, S2.8
6502 3472. C. 92.3
6503 3458.7 0. 149.8
6504 3514.6 9J. 149.8
NEIGHT PANELS =~ wiING VERT FIN

6601 2487. 594, 0. TO 6603 288¢C.
6604 2874.059 5% . 0. T0O 6606 2940.
END NODAL CATA

BEGIN STIFFNESS DATA

ELEMENT DATA

WING SPARS

M5 221 329 «C6 1.

N5 26T 447 «10 2.0 TQ 253 45
NS5 329 331 «C6 1.
v5 341 543 «06 1.
5 543 545 <6 1.
M5 551 653 «06 1.
M5 653 655 «06 1.
L} 655 656 «06 1.
NS 656 7157 «06 1.
M5 751 158 «C6 1.
N5 262 363 «2C 6.
M5 362 563 «l7 w.
M5 563 663 el5 4.
M5 662 7613 «15 2,
NS 229 328 ol le
M5 245 445 -18 1,
w5 445 345 .18 1.
M5 447 347 ol 2.
M3 255 455 3 6.
M5 45¢ 352 3 b.
M5 257 357 12 6.
NS 343 543 el l.
L} 347 Se1 el 2.
5 35% 555 -1 4.
M5 357 557 ol 5.
L 553 653 «06 2.
M5 556 @56 «03 2,
M5 05T 157 «03 1.
WING RIBS

M5 445 47 «17 2.
M5 391 343 «10 1.5
M5 551 553 -1C 2.
M5 555 55¢ «1C 2.
M5 656 657 «06 1.
M5 76C 761 o155 o7
WING COVERS
M5 229 329 227 «03

MS 229 329 331 231 .03
M5 243 343 445 245 .03
M5 445 345 343 «03

L} 265 247 467 445 .06 N TO 253 255 455 453 Ay 2 ®a)}

3
10

T0

T0

TQ

301.12

e
0.
59%.0 0. A&y
594.n0 0, B8y
594.0 0. @8y
794.0 9. 4av
329.5 0. Ay
59¢.0 0. uovy
79%.0 2. 138Y
65.‘ o.
228.0 0.
596, 134
59. 134.
8y 2 2
339 341 8y
549 551 @8v
759 760
243 343 3y
453 353 8y
261 361 8Y
345 5«35 8Y
353 55 8By
361 561 a8Y
555 655 8y
562 662
62 To2
453 55 By
351 363 @ev
553 555 Qv
502 563
662 663
762 763
10 261

29
sc
29
20
20
20
20

NN NN
NN NN

NN
NN

341 343 243 BY 2 ¢=23

-




i,

A

e,

COVER MS 445 345 347 447 .03 TO 453 353 355 455 B8Y 2 &)

COVER M5 255 455 357 257 .0% .07

COVER NS 455 355 357 «05 .07

COVER MS 257 357 356 259 S .C7?

COVER 5 259 359 3ol 261 <13 .07 11 .2 Tu 261 361 363 263 By 2 e=3

COVER MS 343 543 341 +«03

CCVER M5 343 543 545 345 .03 TO 353 553 555 355 8Y 2 =3

COVER M5 355 555 557 357 .05 .04 YO 357 557 599 3159 BY 2 &=}

COVER M5 359 559 561 361 <15 «C7? 410 0 TC 36l 561 563 303 BY 2 #=3

COVER M5 553 653 551 «1S5 07 .11 L0206

COVER M5 553 653 6595 555 419 .C7 .11 .06

COVER M5 555 655 656 556 15 JC7 .11 .26 TO 562 062 663 563

COVER M5 657 757 656 « 04

COVER vs 657 757 7158 658 .04 TC 662 To2 To3 663

#/ HORIZONTAL TAIL

SPAR MS 2719 879 .05 .6

SPAR M5 879 979 .05 .6 i

SPAR M3 281 881 .02% .9 N

SPAR M5 881 981 .325 .°

SPAR M5 283 833 .025 .8

SPAR M5 883 983 .025 .8

SPAR NS 285 885 .10 1.3

SPAR NS 885 985 .10 1.3

SPAR NS 879 881 .05 .6 TO A83 885 BY 2 2

SPAR M5 AT9 981 .05 .6 T0O 983 @85 BY 2 2

COVER M5 279 8715 8a1 281 .08 N

2 00 2 =3 O,

COVER M5 879 979 961 881 .03S5

2 00 2 &23 0.

*/ WING FIN %

SPAR M5 1156 1256 .025 .5 TO 1256 1356 8Y 100 100

SPAR M5 1158 1258 .025 .5 TO 1258 1358 8Y 120 1092

SPAR M5 1161 12¢1 .025 .5 TO 1261 1361 8y 103 100

SPAR M5 1163 1263 .025 .5 TO 1263 1363 8Y 100 100 .

SPAR M5 1256 1258 .025 .5 7O 1356 1358 BY 100 100

SPAR M5 1259 1261 025 .5 TO 1356 1361 By 1C0 100 -

SPAR M5 1261 1263 .025 .5 YO 1361 1363 BY 102 100 :

CCVER M5 1156 1256 1258 1158 .025 TO 1256 1356 1358 1254 . B
BY 100 100 100 172 :

CUVER MS 1158 1258 1261 t161 .C25 TO 1253 1353 1361 1261 * »
8y 100 100 icQ 1€O

COVER M5 1161 1261 1263 1163 025 TO 1261 1361 1303 1263 +
3y 100 100 100 189

®/ VERTICAL TAIL

COVER M5 85 1C8S5 l10e7 87 .C N.035

SPAR M5 85 1085 0. 0. .5 .0 .2

SPAR MS 37 IC87 7e Cu &5 &0 &2

SPAR M5 1085 1087 Ce 0. o5 &2 0

./ 3any

s/ STRINGERS

RUD M5 1 3 2.37 70 23 25 3y 2 2 N

*+2 0 0 107 1CO0 0. O ICO 1ICC C P~ O .

*+] 0 *=3 9, O *=5 )

FOD M5 25 21 4. TQ 43 45 By 2 2 N

2 O 0 100 102 0. C ICO 1OC CC O

1 0 *=3 (0, O *=5

ROD M5 45 47 5.35 T0 &7 69 8Y 2 2

se2 0 O 100 100 0. 0 ICC 10C C O ©

%+ 0 =3 C. O *=5

ROD M5 69 71 4. YO 75 77 8y 2 2

2 C 0 100 100 2. O 1QC ICC C 2 C

*+]1 0 *=3 0. O #=5

ROD M5 T7 19 2.37 YO 87 R9 BY 2 2

*e2 0 0 100 10O C. O 1CO ICC C O N

¢l 0 ¢=3 0. O #=5

SPLATE MS 1 3 203 201 .06 T5 25 27 227 225 BY 2 *=23

SPLATE MS 201 2C3 iC3 101 .N& TO 225 227 127 125 *»

SPLATE M5 2T 29 229 2271 406 TO 43 45 245 243 *» ki

SPLATE “5 227 229 129 127 N6 TO 241 2495 149 1«3 #e i

SPLATE 15 45 4T 247 2645 08 TO 67 69 2069 207 »#

SPLATE M5 245 247 147 145 .08 T0D 267 269 169 167 ==

SPLATE M5 69 T1 271 269 06 TO 75 77 277 275 @
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SPLATE M5 269 271 171 169 .06 TO 275 277 177 175 e

SPLATE MS 7T 79 219 277 .04 TO 87 89 289 287 s

SPLATE ™5 277 279 179 177 04 TO 28T 285 189 187 e

¢/ BODY FRAMES

BEAM MS 1 201 3, 9. D 5C. 50. 0. TO 27 227 AY 2 2

#¢1 0 0 100 O 0, ¢35 C 19C © s=3

BEAM M5 29 229 4.5 0. 0. 50. 50. 5C. TO 45 245 B8Y 2 2

s¢l 0 0 120 0 0, #=5 2 170 Q ¢=3 3
BEAM MS 47 247 6. Oe "o 50. S50. 5Ce TO &9 269 AY 2 2

#¢1 0 0 100 0 0. #25 C 100 0 *a3

dEAM M5 T]1 271 4.5 0. (. S0. 50. S0. TO 77 277 Ay 2 2 §
*+¢] 00 10C 0 0. 8=5 O 100 C ¢=3

BEAM M5 79 279 3, 0. Je 50. S5C. 50. TO 89 269 BY 2 2 I:
¢+l 0 0 100 0 O, #=5 D0 100 C *¢=3 %»
BEAM 9 209 16.0 7. 2. 15. 75. 75.

sel 0 100 O 0. *=5 3 B
BeAM 27 227 14.0 0. 0. 7S5. 15. 75. x
s+l 0 100 C 0. ®=5
BEAM 45 245 62. C. 2. 450. 450. 450.
s¢l O 100 0 0. =5
BEAM 55 255 62. 0. 0. 450. 450. 450.
#¢1 0 100 O 0. *=5
BEAM 63 263 82. 0. 0, 450. 453. 450.
®e]l J 100 C Q. ®=5 -
BEAM 79 279 l4. C. C. 75. 75. 75.
€l 0 100 ) 0. *=5
BEAM 85 285 l4. C. J. 5. 75. 75.
s+l 0 160 C Q. *=25
&/  ATTACHMENT OF WING FIN
BEAM I5 656 1156 663 L. 0s Co ol ol o1
BEAM 25 658 1158 663 1. 0. Co ol o1 o1
BEAM 25 ool 11€L 663 1. Co Cuo ol o1 o1
BEAM 25 6063 1163 661 1. %4 0 ol o1 .1 T
BEAM 25 656 658 1C. 0. 0. 10C, 100. 1NO. r
BEAM IS 658 661 10. 0. 0. 12C. 100. 10C. .
BEAM 25 661 663 10. 0. 0. 10C. 107. i0C. N
BEAM 15 89 289 0. C. C. 10CCC. *=2 -
8EAM IS5 189 239 s=* .
END ELEMENT DATA .
END STIFFNESS DATA ¥
BEGIN BC DATA ;
*/0RCER BODY,FIN, JING=FIN,WING HORIZONTAL TATL
STAGE 1
RETAIN TZ FOR 3 9 15 23 31 39 45 53 61 67 75 83 87 35 1085 1087
RETAIN TZ Ty FCR 1156 1356 1353 1158 1161 1361 1363 1163
RETAIN TZ FOR 223 331 231 337 237 245 355 255 363 263 *

267 543 345 551 349 555 563 656 659 603 .

760 761 763 359 $59 661 762 279 979 981 +

281 283 <83 985 285 e
SUPPORT TX TZ RY FCR 39 .
SUPPQORT ASYM [N SURFACE 2 THROUGH 1 !
END AC DATA ;
BEGIN LOAD DATA
STAGE 1
READ NODAL LOACS FROM DATARNE wWITH INDEX SSYMMes
END LOAD OATA
BEGIN MASS DATA ¥
BEGIN CONNITIUN DATA

PANEL DATA 1 CANDITION 1

END CONDITION DATA
3EGIN MASS ELEMENTY DaTaA
PLATE F2 B=1 60C1 62C2 6022 3495,
PLATE F2 B=2 6002 6303 6023 6322 5955.
PLATE F2 B8-3 6003 67C4% 6024 6023 2589, ,
PLATE F2 B-4 6004 6005 6025 6024 3440. s
PLATE F2 8-5 6005 6006 6026 6NM25 542C. ’
PLATE F2 3-6 60N 6307 6027 6726 328C.
PLATE F2 B-7 6007 6508 6028 6927 3306.
PLATE F2 B-8 6008 6709 629 6023 4346, '
PLATE F2 B~9 6009 6310 6032 6729 4577,
PLATE F2 B=10 6017 6011 6031 6930 4486,
PLATE F2 B8-11 6011 6012 6032 6031 3619.
PLATE F2 8-12 6012 6313 6C33 6032 4730, [ |

ey
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PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

8-13
8-14
8-15
VT=}
W-l

W-2

We3

Web

W~5

W=6

W=7

w-8

W=9

W~ 10
W-11
W-l2
W-1l3
W-14
W-15
W=16
wW-17
W-18
W=-19
W=20
wW-21
W=-22
W=23
W-24
W~-25
We26
w-27
w=-28
W=-29
w=-30
W-31
wW-32
W=33
W-=34
wW=35
W~36
w=37
w-33
wW=-39
W~40
W-41
W=42
W=43
W-44
w=45
W-46
W-41
N=48
W=49
W=-50
W~51
W 52
W~53
W~54
W~55
W=-56
wW=-57
W=58
W-59
W-60
wW=61}
W=62
W-63
W=64
W=695
w-bo
W=67
wW-68
W-69

6013
8014
6015
6501
6100
6101
6102
6103
6104
6105
6106
6107
6108
61C9
6120
6121
6122
6123
6124
6125
6126
6127
6128
6129
6147
6lal
6142
6143
6144
6145
6146
6147
6148
6149
6180
6181
6182
6183
6184
6165
6186
6187
6188
6200
6201
6202
6203
6274
6205
6206
6207
6208
6220
6221
6222
6223
6224
6225
6226
6227
6228
6260
6261
6262
6263
6264
6265
6289
6281
6282
6283
6284
6285

6014
6015
8016
6502
61C}
6l 2
6103
6104
6108
6106
6107
6l08
6109
6110
olzl
6122
6123
8124
6125
6126
6127
6128
6129
6130
614l
61462
6143
6144
6145
6146
6147
6148
6149
6150
6181
6182
6183
6184
6185
6186
6187
6188
6189
5201
6202
6203
62C4
6205
6206
6207
6208
6209
6221
6222
6223
6224
6225
6226
6227
5228
6229
6261
6262
6263
6264
6265
6266
6281
6282
6283
62 84
6285%
62 £6

6034
6035
6036
6574
6121
6122
6123
6124
6125
6126
6127
6128
6129
6130
6l4l
6l42
6143
6144
6145
6146
6lae7
6148
6149
6150
6161
6l62
6l63
6164
6165
6166
6167
6168
6169
6170
6201
6222
6203
62C4
6225
6206
6227
6278
6239
0221
6222
6223
6224
6225
6226
6227
6228
6229
6241
6242
6243
6244
6245
6246
6247
6248
6249
6281
6282
6283
6294
6285
6286
6301
63c2
63103
6304
6305
6306

60313
6036
6035
6503
6120
6121
6122
6123
6124
6125
8126
8127
6128
6129
6140
6lLal
6162
6143
6144
6145
6146
6147
6148
6149
6160
6161
6162
6163
6l64
6165
6166
6le7
6168
6109
820"
6201
6202
62C3
62C4
6205
62Cé6
6207
62C8
5220
6221
6222
6223
6224
6225
6226
6227
6228
6240
6241
6242
6293
6245
6245
6246
6247
6248
6280
6281
62982
62823
6284
6285
6300
63C1
63C2
6303
6304
6305

3982.
947,
1788,
600,
768,
1151,
1667.
1112,
1190.
1659,
1988,
24617,
1335,
33€.
795.
1415,
813,
1256.
1248.
1720.
1494,
1888.
498,
126.
508.
1279.
536.
532.
559.
1055.
14C5.
1953.
274.
172.
blae
1286,
562.
786.
1386.
1849.
1649.
“21 .
éb5.
2C7.
497.
692.
T65.
Sté.
843.
687,
136.
%%,
136.
522.
516.
536.
555.
580.
704«
119.
91.
289.
306.
264,
507,
il6.
76.
216.
144,
245.
365.
86
.
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PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

F2
F2
F2
F2
F2
F2
F2
£2
£2
F2
F2

®/ PLATES

PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
*/ PLA
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
F2
TES
F2
k2
F2
F2
2
F2
F2
F2
F2
F2
F2

We70 6300
W=T1 6301
We172 6302
W=-73 6303
W=T4 6304
W-75 6305
HT=-1 6400
HT=2 6401
HY=3 6402
WF=1 66C1
WF=2 662
REPRESENTING
F=1 6102
F=2 6103
F-3 6104
F=4 61G6
F=5 6107
F~6 6108
F=7 6l24
F-38 6125
F=9 6126
F-10 6128
F=-11 6129
F=12 614N
F-13 6l44
F-1l4 6145
F=15 6147
F-16 6148
F=17 6149
F=-18 6180
F~19 6184
F=20 6185
Fe21 6186
F-22 6187
F=23 6188
F=24 6200
F=25 6204
F-2¢ 6205
F=27 6206
F-28 6227
F=-29 62038
F=3n 6223
F=31 6224
F=32 6225
F=33 6226
F=34 6227
F-35 6228
REPRESENTING
P-1 6002
p=2 6003
P~3 6004
P-4 6005
p=5 6006
P-6 6007
pP=-7 6008
p=8 6009
p~9 6010
P-10 6011
P=11 6012

END MASS ELEMENT DATA
BEGIN PANEL DATA |

*/

BOOY

MASS SUBSETS

DIRECTION

*/ WING FIN

MASS SUBSETS

1§
2
3

CIRECTION
13 5313 S31¢
14 5316 5319
15 5314 5317
16 5317 5320

3
4
5100
5101
5202

2
A4

63C1
0302
6303
6304
6305
6306
6401
6402
6403
6602
6603
FUEL
6103
6104
6105
6107
61C8
6lC9
612%
6l20
6127
6129
ol 30
6141
6145
6l 46
6148
6149
6150
oldl
6185
6186
6187
6188
5189
6201
6205
6206
6207
62C8
6209
6221
6225
0226
6227
6228
6229
PAYLO
6003
6004
6005
62C6
6007
60C3
6009
6010
6011
6012
6013

5251
5253
5203

5311
5320
5318
5321

6321
6322
6323
6324
6325
6326
64ll
6412
6413
6605
6606

6123
6l24
6125
6127
6128
6129
6145
6146
6l4e7
6149
ol50
6l6l
6165
6166
6168
6169
6170
6201
6235
6206
62917
6208
6209
6221
6225
6226
6227
6228
6229
6241
6245
6246
6247
6248
6249
AD

6023
6024
6025
6C26
6027
6028
6029
623C
6031
6032
6033

5252 5101
5254 5102
5103 5102

5314
5317
5315
5318

6320
6321
6322
6323
6324
6325
6410
6411
6412
6604
6605

6122
6123
6l24
8126
6127
6128
6l44
6145
sl4o
6148
ola9
6160
6164
6165
6167
6168
6169
629¢
62C4
6295
6276
62C7
6208
6220
6224
6225
6226
6227
6228
624C
0l4s
6245
6246
6247
62438

6322
6223
6024
6228
6026
61327
6222
6729
6030
6031
6032

184,
169.
1264
273.
66
66.
283.
212.
522,
5C0.
400.

129.6
8637.2
12852.5
5531.1
6919.3
107.1
442.8
5450.7
0537.8
2604.5
49011.2
5762.C
1128.9
247C.2
1825.8
499 .1
2341.4
3598.6
258.5
1691,.6
3248.9
2531.9
4235.0
T15.4
%#57.2
1150.8
1393,2
1501.2
1555.2
140.4
54,0
442,8
658.3
648,70
583.2

680,
2295.
3585.
2200,
3390,

3475.
2965.
2040,
2125.
2125,
1190.

10 12
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L 08

o/ WING
MASS SUBSETS 3
DIRECTION 2
LT 5400 5401 5411 5410
b 5 10 =3
s/ HOR TATL
MASS SUBSETS 4
DIRECTION 2
52 5500 55C1 5511 6519
e} 2 10 e=3

END PANEL DATA |

BEGIN FACTOR DATA
EXCLUDE STIFFNESS ELEMENTS
MASS FACTOR 32.17

END FACTOR DATA

END MASS DATA

BEGIN SUBSET DEFINITION

SUBSETS OF MASS SET |

¢ 21

0

-]

e s3

¢

Nl = 6001 TO 6036 &5CL TO 6504

El = ALL IN N1
N2 = 6601 TC 6606
E2 = ALL IN N2
N3 = 6100 TO 6326
E3 = ALL IN N3
N4 = 6400 TO 6415

E4 = ALL IN N4
END SUBSET DEFINITION
END PROBLEM DATA

*/ MQOOE2 /
3EGIN VAMAT CATA
800Y 12 2
FIN 0 2
AING-FIN 4 3
AING as 3
HR=T AL 4 3
55 33 1
6 i. 2¢C
13 16 25
le Q. +00001
200. O «2C001
400. O. «00001
600. 0. «00001
800. Cc. «00001
1000. c. » 0CCO1
12¢3. C. «00001
1400. 0. 0200
160C. Ce. «00001
1800. Oe «0C0J1
2000, N. «0C0201
3599. Ce D
3400, 0. C.
3200. 0. 0.
3000. 0. 0.
2800. O Q.
2600, O C.
2400. 0. 0.
2200. C. 0.
20C0. Ce. 2.
2985. 793. =-9599.
285503 696, -9999c
2720. 595. =9999,
2718. 593. -ngon
26000 525. -9534q,
2“75.‘ ‘55. '9999.
2390. 3980 ‘9999.
23049 341, -9599,
2220. 2850 -99090
2136. 228. -9699,
2030.7 146.6 =5599,
19250‘ 65.1 «9%99,

wW N

2

w WwhNON
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e® FORE 8poy #

o2 AFT BOODY #

% QUTBOARD WING #
s# WING FIN #

w# [NBOARD WING #

e# HORIZONTAL STABILIZER 2

1 20

14

23
00003000000 1222222

17 0, 18 0. 1§ C.
22 Q. 23 0. 24 0.
27 2. 23 0. 29 0.
33 C. 37 0.

17 51 0.
52 55 0.
MDCOO1A
END VAMAT DATA
BEGIN VAMSCN DATA

2 2 3
1
2 1
*XGROUP | - PASS 1 2
1 2

$2ZGROUP 2 - PASS L
1

2
$2GROUP | - PASS 2%

1 2
END VAMSCN DATA

20
25
32

24 33
22122222222
0.

0.
c.
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(ATLAS
CONTROL
AND DATA

!

ATLAS

r
FLEXIBILITY

i\ MaSS
; DATA _
i e Y
: FLEXSTAB  [j
. NASTAP oATA
; kS
!
: FLEXSTAB
LOADS e
3
SDSS CONTROL
TAPE L_AND DATA
‘ £
1
;
ATLAS :
STRESSES :
DISPLACEMENTS §
( )
‘ Figure 30i-1. Schematic of ATLAS/FLEXSTAB Interface Demonstration
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Figure 301-2. Structural Model
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302. ATLAS/NASTRAN IN .RFACES (DECK 9)
(L-j

302.1 DESCRIPTION OF DEMONSTRATION

The method used to demonstrate the ATLAS-NASTRAN interfaces
is shown schematically in figure 302-1. An ATLAS model

L consisting of ROD, BEAM, PLATE, SPLATE and GPLATE elements was
L

prepared. Only nodal loads are applied. An ATLAS stress
analysis is performed and the data are converted to NASTRAN (ref.
201-1) bulk data. Nonconvertible NASTRAN bulk data cards and the
Executive and Case Control decks are added. This complete

NASTRAN problem deck is then used to perform a NASTRAN stress
analysis.

The complete NASTRAN bulk data deck is then processed through
the NASTRAN-to-ATLAS interface. The resulting ATLAS data deck is
then used to perform a stress analysis.

302.2 RESULTS

PR .
,

NASTRAN detected no data errors while reading and checking
the bulk data produced by the ATLAS-to-NASTRAN interface. The
; stress analysis results of the two ATLAS executions are equal
! within the accuracy of the data being converted. The NASTRAN
stress analysis results agree with the ATLAS results as closely

as expected considering the somewhat different behavior of the
NASTRAN and ATLAS plate elements.
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302.3 LISTING OF CONTROL PROGRAM AND DATA

OO0 A OADANON

BEGIN CONTROL MATRIX PROGRAM DEMOO9
PROBLEM ICICEMOO? - PART 1, ATLAS-TO-NASTRAN DATA CONVERSION)

PURPOSE THE PRINCIPAL CAPABILITVIES CEMONSTRATED Y THIS
DECK ARE
le ATLAS~TO-NASTRAN DATA CCNVERSICN
2. NASTRAN-TO-ATLAS CATA CCNVERSICM

AUTHOR M. TAREXUNI

CTRE 140K (OCTAL)

DIMENSION FET{100,5)

OIMENSION AL112001,A3(2001.A410200) 4502001 ,A61200}
INTEGER D31,STAGE,SEY - .
READ INPUT

PRINT INPUTINODAL,SET=3)

PRINT INPUTCSTIFFNESS,SETa3)

PRINT INPUT(BC,SET=3)

PERFORM STRESS (SET=3)

PRINT OQUTPUT (DISPLACE.SET=3)

PRINT QUTPUY (STRESSES.SET=3)

PRINT OUTPUT (RELCTIONSYSET=3)

CALL FILEADOUFEYCATARNF s MERGRNF { MASSRNF , STIFRNF , SCOOKNF)
CALL FETAQD (SAVESS1,A1,200,1.0,IRR}
CALL FETADD (SCOOSSF.A33200,1.,0,1RR)
CALL FETADD (SCO1SSF,A&,200,1:041RR)
CALL FETADD (SCO2S5SF,AS5,200,1.0,1RR)
CALL FETACO (SCO3SSF.AL200,1,0.,1RR)

LOUT] = SavESs)
L1l = 31111

L2} = 3LL21
L3l = 3Ll

D31 = 3031
STAGE »
SET
NCOND
NELEM
NNODE
NBCLD
NMASS

O e pr O

oL AINAlSE'.NCOhD.NELEH.NNCDE.NHASSvLOUTa.STAGE.L)I.LZI.LS].DJ!
XoNBCLD)

END CONTROL PROGRAM ~
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&/ MODEZ2 /
BEGIN NODAL CATA N
SET 3

1 0. 0. O, TD 21 2C. O. O, BY 10

2 0. 10. 0. TO 22 20. lu. 0. 8Y 10

3 C. 10. 10. 110 23 20. lu. 0. BY 10
4 0. 0. 10. 7TO 24 20. 0. 210. BY 10
END NGCAL OATA

BEGIN STIFFNESS DATA

SET 3
BEGIN ELEMENT DATS
RGO 1 11 3.

3 011 0.
RQOD 11 21 2.
**3 011 0.
BEAM NIOO 11 12 13 1. <2 .3 4% .5 o6
. N101 12 13 14 s
b4 N102 13 14 1} ese
L N103 14 11 12 e
BEAM N106 1 1) 22 o+
* Ni05 2 12 ] oo
® N136 3 13 1 oo
N1QT7 & l& 1 we
N201 11 21 2 e
N202 12 22 | ee
N2O3 13 23 2 o
N204 14 24 1 oo
LATE NI1O L 31 2322 .}
» Nlll 4 14 13 3 oo
. N1l2 1) 21 22 12 .15
L N1l3 14 24 23 13 .20
. Nll4 3 4 le .05
SPLATE N120 1 11 14 & .05
L] N121 2 12 13 3 .05
L4 N122 11 21 24 14 .07
L N123 12 22 23 13 .07
GPLATC N130 21 22 23 24 .Co 08 30.
] M4 T150 N131 11 12 1e .O7
. LA 4 N132 12 13 )6 .07
ENC ELEMENT CATA
END STIFFNESS DATA
BEGIN BC CaATA
SET 3 STAGE 1
SUPPORT aLL FOR 1 TO <
END BC DATa
BEGIN LOAOS CATA
SET 3 STAGE )
BEcIN NOCAL LOAD CATa
CASE C8
21 T0 24 FXx }000.
ENC NOODAL L0AD DaTA
END LGADS DATA
END PROBLEM DATA

Ve s
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BEGIN CONTRCL MATRIX PRQOGRAM DEMOO9

PRGBLEM IDICENOOS ~ PARY II . NASTRAN-TO-ATLAS OATA CONVZRSION)
OIMENSJON AL(1000).A2¢10001),4A311000)

CALL FETACC(SCOOSSF,A1,2000,140, 1Rk}

CALL FETADC(SCOLSSF,A2,200041,0,1RR)

CALL FETADD(SAVESS2,43,2000,1,0,1RR)

LOUT2 = SAVESS2

CALL NASTATL (tLOUT2)

END CONTROL PROGRAM

BEGIN CONTROL PROGRAM DEMOQS
PROBLEM IO(GENOOS - PART III. ATLAS STRESS ANALYSIS)
READ INPUT

PRINT INPUTINCDAL}

PRINT INPUT{STIFFNESS)

PRINT INPUT(RC)

PERFORM STRESS (SET=1)

PRINT QUTPUT (DISPLACE,.SET=1)
PRINT DUTPUT (STRESSES.SET=1)
PRINT OUTPUY (REACTIONSeSET=1)
ERD CONTROL PROGRAM

302.4




ATLAS Control :
Program Plus -
Data

Stress Analysis
ATLAS ( Results 4:)
o=t S i3
RS NASTRAN
Bulk Data Bulk Data
Deck Deck
i
NASTRAN 3
e oner s ATLAS
| é;ﬁecﬁs
“ —'—’_ = —
ATLAS
NASTRAN Control ATLAS
DATA
Program

|

ATLAS

4

1

Stress Analysis
Results

Results

C

tress Analysi

D,

Figure 302-1. Schematic of ATLAS/NASTRAN
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303. ATLAS/NASA-LaRC AIRPLANE CONFIGURATION PRUGRAM
INTERFACE (DECK 7)

303.1 DESCRIPTION OF DEMONSTRATION

This deck demonstrates the data interface between ATLAS and
the NASA-LaRC airplane configuration plot program (ref. 303-1)
and the NASA Aerodynamic Design and Analysis System for
Supersonic Aircraft (ref. 303-2). The demonstration makes use of
two airplane configurations documented in reference 303-1, viz.,

e A cambered circular body SST configuration (fig. 303-1)
« A blended wing-body fighter aircraft (fig. 303-3)

These examples illustrate each type of airplane component that
can be defined by the LaRC configuration program.

The demonstration proceeds as shown schematically in figure
303-5. The LaRC configquration prcaram data for the SST aircraft
are processed by the ATIAS library subroutine LRCGEOM to produce
geometry data in the format expected by the Geumetry
Preprocessor. Since the SST is symmetrical about the X-Z plane,
each LaRC configuration component produces two ATLAS geometry
components (right and left sides). The generated data are read
by the Geometry Preprocessor and stored on DATARNF. ATLAS nodal
data defining the model are read by the Nodal Preprocessor which
interrogates the geometry data to obtain nodal coordinates.
Surtace nodes are defined for the body and poda components, and
mid-surface nodes are defined for the wing, fin and canard

components. The same process is then repeated for the fighter
aircraft.

303.2 RESULTS

Nodal coordinates for both aircraft were printed by the Nodal
Postprocessor and compared with the original airplane
configuration data to confirm the correct operation of the
interface. The ATLAS nodal data for the SST aircraft were
plotted and are displayed in figure 303-2. The ATLAS nodal data
for the fighter aircraft are displayed in figure 303-4.

303.1
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303.3 LISTING OF CONTROL PROGRAM AND DATA

O OO0 OOON

[a X aNal

[aX 2N 2}

BEGIN CCNTPOL MATIRIX PRUGRAM DEMOQT
PROUBLEM IDIOEMUOT ~ NASA/LARC CONFIGUFATICN PRUOGRAM INTETFACE)

PURPOSE THE PRINCIPAL CAPABILITVIES ORMONSTRATED BY THIS
DECK ARF
1o NASA/LARC CONFIGURATICN PROGRAM-TO-ATLAS
INTERFACE
2. GEQMETRY PREPROCESSOR

AUTHOR Re Lo DREISBACH
CURE 20C< (OCTAL)

DIMENSICN A1(100)

CALL FILEADDULA), SAVESS1)
$SY CONFIGURATION

CALL LFCGFOM(SL INPUT,SAVESSL)
RCWIND SAVESS1
READ INPUTLI=SAVESSL)
REAC INPUT
PRINT INPUT(NDDAL,SET=Y)
EXECUTE EXTRACT(EXNAME=SETS,LSUB=NODES+KSET=5,N5UB=N5)
EXECUTE GPRAPHICS{GNAME=NUDEPLUT»TYPE=IORTHPOINT) «OFFLINE=CALCU4P,
X RI=60,RhY=45,PX=)sST2E=2(30+20) +EXNAME=SET)S)
PURGE FILES(DATARNF)

FIGHTER CONFIGURATION

CALL FILEADD(AL,SAVESS])

REWIND SAVESS1

CALL LRCGEOM(SLINPUT,SAVESSL)

REWIND SAVESS1

READ INPUT(I=SAVESS])

READ INPULT

PRINY INPUT(NCDAL,SET=10)

EXECUTE EXTRACT{EXNAME=SET10,LSUB=NODES . KSET=10,N5UB=N10)
EXECUTE GRAPHICS{GNAME=NODEPLOT, TYPE=(ORTH,POINT),SI2E={30,20),
X R2==1529RY=35,P X=0, EXNAME=SET1Q)

END CONTFOL FROGFAM

303.2
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ARty

wsl,

e

[U——

? w
B

o

SST CONFIGUFATION WITH CAMBERCD CIRCULAF aQOnNY
1 1-1 1 1 2 01213 117 26
9494,
0. ol .6 1C. 20, 30. 40, 50.
80« 0. 100,
82,30 5.05 C. 182.10
93.80 6,00 C. 1¢6.201
130.‘029 13-;’0 —1.100 12‘0‘&7{)
157-98 lq.UD "‘odﬁ ‘SE.‘:TC
181,29 2ue47 =1415 78,410
202.41 33.00 -.35 bl.l4l
22163 39.60 -1.60 41.319
239.18 40.22 -2.80 3¢.719
255400 52480 -3.75 25,35
269.23 59.40 -4,3C 15,07C
3.60 3.70 3.90 3.7 2.75 «95 =-1.35 -3.45
~8.20 -9.10 —-9.40
10 « 50 1.7¢ 2.720 2.10 1.20 ~-e0b =-1.85
“6637 =7.70 =8.80
0. «35 .90 1.20 1.35 « 70 -e2C -1,20
-4.55 -5.79 -¢.8C
- « 165 o172 «93 1.0 «6875 o195 ~e56
-3.07 -3.9371»-4.801
0. 1€ 45 +0) « 72 « 0695 +40 <3875
-1015 ~14085 ~24173
0. .05 « 285 W42 «5925 .625 47 «0125
~e345 «.6175 —-.8%E9
0. «04 « 1935 42705 ¢3950 L4395 «433C «3860
«0915 -.0399 -,182C
0. «0225 41085 ol0) «249 4,298 L3135 .3040
<185 «123% .0563
0. «02 «1055 J15€E0 «248 ..2858 L3025 «311
«2845 «2635 ,2385
0. «CUB5 <049 L3695 <1175 J14¢ 155 «158
« 1545 148 «1398
Q. -+L03 ~e0l4 -4223 ~e043 -,0061 -+077 ~e 000
-el155 =.1190 -—-.1224
0. —«NC25 "qolo -.Cl7 -e0325-.047 —.062 "'n')?S
~e1115 -.1223 -.1324
0. «304 <491 <303 14069 1.280 1.430 1.518
1l.1062 <678 ¢.0
0.0 « 265 «423 4710 «962 1.156 1.296 1.373
1.028 «593 0.0 i’
0.0 «226 «338 «635 «889 1.079 1l+20% 1272
«886 «506 0.0
O. « 204 «274 «590 «870 1.074 1,20 1250
«832 «472 0.
0. <144 +175 4559 =886 lelll 1.246 1.294
<828 «4066 0.0
0.0 2066 .09 »522 <886 1.145 1.289 1.341
«852 «48 0. '
0.0 «0006 «033 ,455 «880 1.155 1.320 1.357
+«880 <495 G.0
0. «J06 «033 <495 «880 1e155 14320 1.357
«860 «495 0.0
0.0 °~ L0000 «233 e %495 «88) 1.15%% 1320 1.357
+880 «595 0.
0.0 <006 <333 L4649 «8U0 14159 14320 1.357
<880 «495 0
0.0 « 006 «033  .495 «860 14155 14320 1.357
<880 e 495 C.
0.0 «N06 «N33 .49 «880 lol55 14320 14357
«880 «%495 O
0. 20. 40. 0.  60. 70. g80. 9C.
130. 140. 159. 1¢0. 180. 290, 220. 239,
260. 270, 260, 2% 3ca. 312,
1.10 7." 7.‘, 7."' 7.‘! 7.’0 7. 6.15
1.25 0. =l.3 =2.5 -5 =T7.45 -9.2 -9.75
-10s2 -10.2 =-10.2 =-10.2 ~-10.2 -13.2
303.3

219 3

00,

-5430
-3.25
-2.35
1.3
~.295
12
+3085
«2180
«308
«1595
-e1025
-.088
l¢550
l.3%0
1.263
1.234
1.242
1.285
1.320
1.320
1.32¢0
l.320
1.32)
1.320

100,
2’00.

5'
-13.

A iy P O BBy i S

19
70,

~6.80
~4.70
=345
~2.205
-.1825
-.10
«2075
«238)
2995
21585
—e1l10

-.100

l.155

120.
250,

2.5
=104l

REFA
XAF 10
XAF 13
WAR(RG
WAHIRG
WAFDRG
WAFIRG
WAFOPG
WAF(IRG
RKARURG
WAFNRG
WAFORG
WAFORGLO
WAFMNRGL1
WAFIPG)2
TICKD
TLORD
TZ20R"Y
TZ0:N
120F0
TLORY
TYZ70x0
TICRI)
TZORD
T20x0D
TZORD
T720%0
T2080
T20¥D
TLOHY
TLTHD
T72060
TZORD
TZO8D )0
TZ0KD 10
T20PD 11
TIORND 11
Yzuen 12
TZ0PN 12
WAFUYD )
WAFNED )
WAFNRE 2
WAFNR) 2
3
3

-

LCoNCv SN

CO@PDNNOCOCOUTUSPWWNN -~

WAFDN (D 3
WAFORD
WAFOPD
WAFOIRD
WAFAIRD
WAFQPD
WAFUPU
WAFDORD
WAFTIRD
WAFUPD
WAFOKD
WAFJRD
WAF )
WAFNED
YAFCRDLD
WARDRDL?
nAFQOKN] 1
WAF DL
WAFORTIL 2
WAFGRM 2
xrus 1~
XFus 273
XHUS  Co
eus 17
Irys 20
IFUS 26

VRO NNG VT S

0



v

0. 18.5 4u. 65. EN 96. 95.5 92.2 95.5 96, AFUS 19

98. 100.7 101, ag, 89.5 19 73. uBe 5 68,5 67.3 AFUS 27
62. 5045 37. 24, 11.5 0. AFUS 26
23608 7490 ‘11-55 PONOIKG l
0. 4. 8. 12. l16. 270 24. 28. 3. 34.5 XN 1
24292 2.4TT 2.644 2.791 2.919% 3.012 3.076 3.J097 3.100 3.19090 PNLK 1
241.,0 31.75 -3.060 POUNORG 2
0. 4. 8e 12, 16. 20. 24. 28, 3. 34.5 Xenp 2
26292 2.47T7 2.644 24791 2,915 3.012 3.C7¢ 3.397 3,126 13.100 PLUKR 2
252.0 47.0 -2.9% 35.3 285436 47.0 6431 4,77 FINORG 1
0.0 10.0 2040 3C. 40, 0. vl 7C. 90. 100, XEIN )
9.0 Uedll 0Cab04 04759 Je897 Qa97TT €999 C,.927 (.427 1.7 trnaen g
271.9 0. -6.77 3% 311.3 0. 249 4,717 FINQRG 2
0.0 10. 20. 3. 4Ce. 50. ¢Ce 7G, 9. 100. XFIN 2
e Vedll 0564 0.759 0,897 92,977 C(a999 02,927 0.427 0.C FIduro 2
3l2. 0. -10.7 0. 277.9 2. 617 32%.3 FINOKG 3
0. 10. 20. 3C. 404 0. 60 70 9n. 100. XFIN 3
O. 031l Ce504 Ca?59 0397 D977 04999 o927 (4427 0240 FINCRD 3
s/ Dt.-INL NCDES FOR SST COUNFIGURATION -—- EXANPLE 1. /
BEGIN NUUDAL DaTA /

SLT 5 /
&/ DEFINE A LOCAL INPUT FRAME FOR cALH GECMETRY COMPONENT. 7/

REC WINGR 0O+ 0o 0¢ la 0s¢ Oe 0Us 0o 1.
REC WINGL 0O+ Co Qe lo Co 0a® 0o 0Ta 1o
REC BCODYA Ce Ca e 0. -1 0. Oa O. l.
REC PODAR 0. O e Ce ‘lo 0. Oe Ce. 1.
REC PODAL D¢ 0. (o C. -l. Ce Ce De le
REC PODBKF O¢ Ve Co 0, =1 0. Q. Qe le
REC PUDBL Ce Co Co 0. -1l. Ce Ce o. l.
RLC F‘NA“ 0. O- Ce lo 0. 0. 0. -1l Ce
REC F [NAL O Co Co le 0. Oe Oe —1le O
R{C FINB Qe 04 G le Ce Ce Ce ~-1la Ce
REC FINC 0. 00 e le Co 0O0e 0. -le D
BEGIN EXTKACT /

o/ DEFINE MID=-SUPFACE NUDES FOR WING COMPGMNENTS --= 13 NODES PER SFCTIUN AS
DEFINED BY Thi GEIMETRY DATA.  THE NOLLS ARF LOCATED SUCH THAT THEY
COINCIDE WITh THE LONGITUDINAL CONTRUL CUFVES DEFINED BY THE FNRICH DATA
RECOPD N THic GFCMETRY DATA SELT. /

CUMPUNENT WINGE /
MEDSURFACL NELES It SECTICN 77, 5.05 ~1C. 290, 5.0% —-10. 70. Y.0> 70. /
1 TO 13 OF «C31 .005 .094 .1 *=8 /
MIDSURFACFE NUCES IN SFITIUN 70. 6,00 -10s 290. 6460 ~10. 70. 6467 70. /
14 TO 76 Of «Cll .C09 429 .1 #=€ /

MIDSURFACE NULES IN SCCTION 70¢ 9490 =10, 290. 9.90 -1C. 70. 9.90 0. /

27T TO 365 0F o001 «235 «C94 o1 *=8 /
MIUDSUKFACE NOLES I STCTION 79, 13.2 =1C. 290 132 ~19. 70, 13.2 0. /
40 Ty 52 0l JCJl 015 064 .1 *=8 /

MIDSUKFACE NOCES In STCTIGH 704 19.8 -10. 290. 19.8 ~10s 0. 19.8 7Ce /
53 TO 65 UF «2CL oC75 o004 o1 #=8 /

MIDSURFACE NOCES IN SECTICN  70. 2644 =1C. 290, 26e4 =17, 724 2604 T0. /
s 10 T8 NF 4CCl 3N MN94 .1 *#=8 /

MIDSUF FACE NOCES IN SLCTION 7C. 33.) -10. 2720. 33,0 =-190. 70, 33.0 7C. /
7O TQ 91 JF 4031 +0U5 o094 o1 %34 /

MIDSURFACE NOCES [N SECTIUN  72. 39.u ~-1C. 29Cs 390 =13s 7Js 39,0 70e /
92 TU 104 OF 071 4dU% 0G4 &1 *¥=3 /

MIDSURFACFE NUDES IN STCTI(N  T7. 46.2 =13 29C. 40e2 =10, 7. 46,2 104/
105 TO 117 OF 071 4035 4 2% .1 #=8 /

MIOSURFACE NOLES IN SLCTIUN  70. 52.8 -1C. 299, 52.8 -—1n. 70, 52.6 70. /
118 10 130 I3F L,001 005 o094 .1 £=8 /

MIDSUKRFACE NOLES IN STCTICN 7T, 5G.4 =10 29C. 594 =-10. 79. 59.4 170. /
131 TC 143 OF o(Cl «005 4294 .1 ¥=8 /

MIUSUKFACE NULES IN SECTILN 72, 0640 =10e 290. 06.0 =-10. 70, 6643 7C. /
144 10 156 OF LCCl <205 «C9% o1 %=8 /

s/ /

COMPNOMNENT WINGL /

MIDSURFALE NOPES IN SECTION TUe =5.05 -10. 293¢ ~5.0Y =10s 70s =5,05 70. /
201 TU 213 UF LC1 +00% 409 o1 *=3 /

MIDSUFFACF NUDES IN SECTIUN  70s =-6460 -1Cs 290e¢ ~6.60 ~10s T0s =06460 3. /
214 TO 226 OF LCT1 oC29 (C9% .1 *#=4 /

MIDSURFACE NOCES IN SELTI(N 70. -9.90 -1Ce 290, =~9.90 -10. 70. =-7.,9C 70. /
227 TG 239 OF oCCl «009 094 .1 *=25 /

NN NN NSNS N
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T LA,

MIDSURFALE NOCFS IN SECTICN
240 TO 252 Nf «CCl 005
MIDSURFACE NOCES IN SECTION
253 T0 265 OF .0CL .005
MIDSUKFACE NODES IN SCCTION
266 T() 2718 OF (21 .005
MIDSURFACE NUCES IN SICTION
279 TO 291 0OF 001 .0J5
MIDSURFACE NOCES N StCTIUN
292 10 304 JF (.l 035
MJIDSURFACF NUCCES IN SUCTION
305 TO 417 OF .0C1 005
MIDSURFACE NODES IN SECTILN
318 TO 230 OF .CC1 4025
MIDSUPFACE NOLES IN SECTICN
331 TQ 343 UF €2 4005
MIDSURFACE NOCES IN SECTIUN
344 TO 356 OF .0C1 4005
*/ /

10. =-13,2 ~10.
«094 .1 ®=8 /
10 =19.8 -1C.
«eN94 o1 *=8 /
TUe =200 -1Ca
e(9 .1 #*=8 /
0. -33.0 =1C.
«094 ,1 ®=8 /
70, =39.6 -1C.
«094 o1 *=23 /
70 =4642 —l(‘.
«N9% ,] *28 /
70. —52.8 -1C.
«094 .1 *=8 /
70 =59.4 ~1C.
«C9 .1 ®=8 ¢
7Cn -66.0 -10.
«094 .1 ®=8 /

297,
293,
290,
292,
290.
299,
290.
297,

290,

*/ DEFINE 30 CQUALLY-SPACED NONES PER SECTION OF THE 80ODY. /

COMPONENT pODYA /

SURFACE NOOLS IN SFCTION -6.

1001 19 1039 ¢/
SURFACE NUCES IN
1031 70 1060 ¢/
SURFACE NOCES IN
1061 T3 1090 /
SUKFACE NUDES IN
1991 10 1120 /
SURFACE NULES In
1121 10 11592 /
SUKFACE NUCES 1IN
1is1 10 1180 ¢/
SURFACE NULLS N
1161 10 1210 /
SURYACE NUFES IN
1211 TQ 1240 /
SUKREACE NOLES IN
1241 T 1270 ¢/
SURFACE NULES IN
1271 10 1300 /
SURFACE NOCFES IN
1301 T0O 133v /
SURFACE NUCES IN
1331 TQ 1360 ¢
SURFACE NULES IN
1301 VG 1392 7/
SURFACE NOLES IN
1391 T0 1420 /
SURFACE NUELLS IN
1421 TO 1450 7/
SURFACE NOLES IN
1451 TO 1489 /
SURFACE NULES IN
181 10O 1510 /
SURFACEF NOLES IN
1511 TQO 1540 /
SURFACE NOUES N
1941 1O 157G 7/
SURFACE NOLLS IN
1571 YU 1690 /
SURFACL NULLS IN
loU) YO 1630 /
SUKFACE NULES IN
163} 10 looQ /
SURFACE NOCES IN
1661 10 1890 /
SUKFACE NOCES IN
1691 Tu 1720 /
SURFACE NUCES IN
1721 0 1750 /

SICTILN
SECTION
SECTYIUN
SLLTION
SECTIE N
SLCTICN
SICTION
StCTICN
SICTICN
SECTION
SECTILN
SCCTIUN
SLCTILN
SECTION
StCTICN
SECTI(N
SICTICN
SECTICN
SECTI(N
SLCTICN
SECTICN
SECTION
SECTIu

SECTION

1. =20 be
-0, 20, =20.
-b. 40. =-20.
~be 50, -20.
~6e 60, =-2C.
-6, 0. -20.
-6e 80. -2C.
-6 90. =-20.
~6. 100Ue =20
-6e 120. =20.
-6s 130, -20.
-0, 14J. =20,
-6, 150. -20.
-6. lo0, =2C.
-b. 180, ~20.
~6e 200. —20.
-b. 220. -20.
-6, 230, -20.
~be 24C. =20,
~6. 25% =4C,
-0, 260. =-2C.
-be 272« =20«
-5, 280. =20,
-6 290, =-2C.
-6, 300. =-20.

303.5

l.
6.
6o

[

6
Ge
6.
6.
Oe

(. 19

be
6o

6.

“13¢2 ~10s 0. -13.2
~19.8 ~10. 70. ~19.8
~26e% =1Ue T0. ~26.4
~33.0 -10. 70. -33.0
~39.6 -10. 70. -39.0
-46.2 -10. T0. ~46.2
~52.8 <~10. 70. =52.8
=59.4 =10+ 70. =574
-66.0 ~10. 70. ~00.0
~20. 6. 1. 15. 7
20. =20, -6, 20. 15
40. -2C. -6, &0. 15.
5% =20. ~6. 50. 15.
60. -204 =0. O6Ce 15
70, =20s =be T0. 1be
8. -20. -6. 8% 15.
90. =2ve. =6. 90. 15,
100. =20, -6. 10u. 1%,
120, -20. -b, 120. 15.
137. -20, -6. l30. 15.
140, =20, —6. 140. 15.
150, -20,., -6. 150. 15.
loC, =20. -6, 160. 15.
180, -¢0. =-6. 183, 15.
200. ~20. =6, 20C. 15.
220. -20. -6, 220, 15.
230, -20. -o. 230. 15.
24%e =204 ~6e. 240. 1Y,
250, ~20. ~b. 250, 15
260, -20. -6. 260. 15.
270. -20. =-b6. 270. 5.
289. =20, -6. 280. 5.
290. =20. ~0. 290. 15,
300. -20. -6. 300. 15.

70,
70.
70.
3.
70.
10.
10.
10.

T0.
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T,

A

&/
o/

1151 10 1100 /

SURFACE NODES IN SECTIIN ~-6. 3ll.

‘20. 6.

3ll.

-20, ~bs 311,

/
DEFINE 25 EQUALLY=SPACED NODES PLR SCCTICN OF EACH NACELLE. /

COMPUNENT PODAR /
SURFACE NUDES IN
2001 10 2025 /
SURFACE NOCES IN
2026 Y0 2050 /
SUKH+ACE NOUES IN
2051 TU 2075 ¢/

SURFACE NUCES IN
2076 T0 2100 /
SUPFACF NOCTS IN
2101 T0 212> /
SUKFACE NCURES IN
2126 T0 21%0 ¢
SURFALE NOLUES IN
2151 TQ 2175 /
SUKFACE N#DES IN
2176 VYO 2200 /
SURFACE NUDES IN
2201 TC 2225 ¢/
SURFACLE NULES IN
2226 TO 22%3 /
COMPONUNT #ODAL 7/
SUKFACL NOCES IN
2251 10 2215 /
SURFACF NUDES IN
2276 T0 2390 /
SURFACT NOCES 1IN
2301 YO 2325 /
SURFACE KOCLS IN
2326 TQ 23590 /
SURFACL NULFS IN
2351 TO 2375 /
SURFACL NULES IN
2370 TO 2400 /
SUKFAC" NUOES 1IN
2401 YU 242Y% /
SURFACKE NULES IN
26426 Ty 2.50 /
SURFACL NOCLS INM
2451 TO 2475 /
SURFZ. L NUCES IN
2470 TD 2500 /
CCMPUNENT PODSR /
SURFACE NCCES IN
25C1 TO 2525 /
SURFACE ™OCES IN
2520 1u 2550 /
SURFACE NCODES IN
2551 TU 25715 ¢/
SURFACE NOCES IN
2576 TU 2600 /
SURFACE NUCES IN
2601 10 2625 /
SURFACE MNIILES IN
2626 Y0 2650 /
SURFACE NUCES IN
2651 TD 2015 /
SUKFACT NOCES IN
2670 10 273¢ /
SURFACE NULLES [N
2101 YO 2125 /
SUKRFACE NUCES IN
2726 TQ 2150 /

SECTILN
SECYLON
SECTI(N
SECTIUN
SECTIUN
SCCTION
sECTion
SECTILN
SECTICN

STCTION

SECTION
SECTICN
SECTIUN
SECTIN
SECTION
SECTIUN
SECTICN
SECTICN
SCECTICN

SECTICN

SECTIUN
SECTICN
S LTICON
SECTICN
SECTICN
SECTICN
SECTIUN
SFCTION
SLLTIEN

SECTIULN

=20,
=204
-20.

4,
4.
4.
4.
4.
4
4e

“e

-8.0
-8.0
-8.0
~-8.0
-8.0
-8.0
-3.9
-6.0
-8.0

~8e9

236e0 ~13.

240.8 -13.

264,48 -13.

248.8 ~-13,

292.8 -~13.

226.8 =13,

260.8 -13.

264.8 =13,

268.8 ~-113.

271.3 -13.

236.8 ~-13.

240.8 -13.

244.8 -13.

248.8 ~13.

252.8 =13.

25608 ~13.

260.8 ~-13.

264.8 -13.

268.8 -13.
"271.3 -13.

241.0 =36.0
£45.,0 =36.0
2649.0 =30.0
253.0 -=36.0
257.0 =-36,0
261.0 =36.C
265.0 -36.0
209,97 =3o.0
273.0 -36,0
275.5 =36.0
303.6

-4,
-4
-4,

~4a

-4
-4

-4,
-y o

-4

20.
20.
2%,

20.

Ce
Qe
0.
0.

Cs

0.
Oe
0.
C.

236.8
240.8
244.8
248.8

252.8
256.B

200.8

264.8

268.8

271,3

236.8
240.8
244.8
248.8
25%2.8
250.8
26C.6
264.8
268.8

271.3

241.0
245.C
249.0
253.0
257.,0
261.0
265.0
269.0
273.0
2755

=-13. -20.
-13. -20.
-13. -20.
-13. =20.
-13, -20.
=i3. -20.
-13. -20.
-13, -20.
=13. =20.
=13, =2%.
-112. 4.
-13. 4
-13. 4.
-1i3. 4.
-13. 4.
-13. 4,
-13. 4.
-13. 4.
-13. e
-13. L
=-35.0N =8.
~36.,0 =8,
-36.0 -8.
-346.0 ~8.
-36.0 -8.
-36.0 -8.
~36.7 -8,
~30.0 -8.
-36.0 -8.
~30.0 -8,

23648
24%.8
244 8
248.8
252.4
2% .8
20048
2048
26848
271.3

23vek
247,.8
24¢8
248.8
252.8
2506408
26J.06
2¢4.t
268 6

271.3

2412
245.0
249.0
253.0
251.0
26147
265.0
209,06
2713.4

275.5

15 /

-2, /

‘Zuc/
-28e/

or

Toseeend g e

R

PV

o Ry

s M

L Tae

T L LD




et g

A

LoVe——,
o~

COMPONENT PODOBL/

[ SR S, PN

L~

SURFACF MUDES IN SECTION 0s 261.0 =300 8.3 264140 ~-36.,0 Q. 241.0 ~-28./
2151 T 27115 /
SUKFACE NOLES IN SLCTIULN 0s 269.0 ~36.0 B840 245¢0 ~30s0 04 2465.0 ~2€4/
27176 T0 2830 /
SURFACE NOUES IN SECTIUN O 269.90 =50e0 8.0 249.0 =360 0. 249.0 -28./
2891 Ty 2925 /
SURFACE NUULES IN SECTICN Co 2530 =30.0 0.0 25340 =3640 0o 253.0 =284/
2826 TO 2850 /
SURFACE NOLFS IN SECTIUN 0s 25740 =3640 8.0 257.0 —36.7 0. ~77.C =284/ .
2851 Tn 267> / .
SURFACE NUCES IN SECTION s 2610 =30.0 B8,) 261.0 =3640 0. Z0le0 =284/ :
2876 T 2900 / i
SURFACE NUCES IN SECTIUN 0c 20650 =3¢.0 B.9 265.,0 =306.0 0e 205.0 -26.7/ B
2901 TO 292% / .
SURFACE NOLES IN SECTIIN Ne 269¢0 =3640 8.0 209.0 -36.9 0. 209.C -28./ ¥
2926 T0 240 / :
SURFACE NUCES IN SECTIUN 0o 273.2 =36:0 8.9 273.0 =-36,0 0. 273.0 =284/
2951 To 2975 /
SURFACE NULES IN SECTICN D¢ 275.5 =360 8.7 275.5 =36.9 0. 2755 =284/

2976 TO 3CQ0 /

./ DEFINF MIU-SURFACE NULDES FOR FIN CO4PLNENTS —-

10 NODES PER

SECTIUN AS

DEFINED BY THE GEUMETRY NDATA, THE “UDFS AFLC LCCATED 3UCH THAT TuCY
COINCIDE AlTH THE LONGITUDINAL CONTRFOL CUKVES DEFINED LY THE ENRICH DATA

RECORD [N THE GECMLCTRY
/

DAYTA SET. /

5081 YO 5090 CF o1 50 o2 o1 /

END EXTRACT /

*/
COMPUNENT FINAR / .
HXDSURFALF NU‘JFS IN S[C'[UN P18 -2.95 =48, 30C. =299 ~48s 250, =2.99 ~45. /
4001 TU 4910 OF .1 #=6 .2 .1 /
MIUSUKFACE NOLLS IN SECTIIN 250, «l4 —-48. 300, «14 -48. 259, o l4 —6d, /
4011 TGO 4020 OF 4l *#=6 42 41 / o
MIDSURFACE NurEs IN STCTICN 250, 3,23 -46. 3C0. 3.23 -48a. 240 3.23 =45, / v
4021 T ’QOB'} OF o1 270 o2 ol /
MIDSURFACE NUECCS IN SECTION 250e ©e3l -48. 3C0s 06.3) <48, 25Us 6031 =45, / {
4031 TO 4040 GF ,1 *=26 o2 o1 / R
COMPUNENT FINAL / :
MIDSURFACE NUCES IN SECTIUN 250, ~2.95 45, 300. -2.95 45. 250« =2.9Y 48. / 4
4041 TU 4950 UF .1 *26 &2 .1 / '
MIDSURFACE UCES IN SECTIUN 257 «14 45, 300, «l4 ad, 250, 14 48, / t ?
©0b51 TU 4060 COF ,]1 *=0 .2 .1 / i
MIDSURFACF NUCES IN STCTINN 253, 3.23 45, 3C0. 3.23 45, 250, 3.23 48, / I
4«00l TOU 4070 OF .1 %20 o2 o1 / i
MIOSUKRFACL NUCES IN SECTIUN 25J. €431 45, 300. 6.3l 45, 250. 6.31 8. / P
4071 TO 4080 OF .1 ®26 42 o1 / c
COMPONENT FINS 7/ i
MIDSURFACE NUDES IN SECTION 270. =6.77 =1, 318, =6.77 =1a 270s =677 ke / i
50C1 TO $710 OF .1 26 .2 .1 / g :
MIUOSURFACE NODES IN SECTIUN 270¢ -3.68 -1. 318, =3.48 ~1. 277, =3.08 1. / i 5
S0LL TO 5020 OF 1 #=0 o2 &1 / % y
KIDSURFACE NOLES IN SECTILN 270, =459 -l 3183, =459 =1, 2702. =,59 1. / i
5021 TU SG3C COF o1 #=06 2 .1 /
MIDSUKFACLE NUBES IN SECTICN 270 2.49 ~l. 31Be 2.49 =l. 270 244% 1. / % .
5031 TO 5040 OF ol #26 o2 o1 / [
./ / 1
COMPUNENT FINC / FE
MIDSURFACE NOLES IN SFCTICW 27Cs =10¢2 =1 318. =10e2 ~1s 270, -10.2 Lo / 3
5751 TO 5060 OF .1 ¢26 42 .1 / E "
MIDSURFLLF MOCFS TN SECTICN 21Ce =400 =1s 31Be =9.06 ~le 27Co -9.7 1. / o
Y06) T2 SNTO OF o1 ¢=20 .2 41 / 2"
MlDSUM—ALl NULES N SECTION Z’Uo -{e92 =l 3160 ~-T.92 -1 217 =192 1o / %
5071 10 5280 OF o1 2=6 o2 o1 / :
”lDSUR'AL(' NUCES IN SECTICN 2700 =677 =1, 318- "0077 Ll 270, ~6.77 1. /

END NODAL DAYA /
./ /
*/ DEFINE NCDE SURSETS FCR PRINT AND PLCT UISPLAYS. /
BEGIN SUASET DEFINITILN /

SUBSETS 0O NCUAL SET 6 /

NS = ALL /

END SUBSEY OFFINITION /
END PROBLEM UATA /

3
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Lt

SLENDEU WING-A0DY--F IGHTER ~—-

1 =11
$37.94
0. 5
90, 95
14, 3.0
24. 4.0
28, Se
30. 6.
33.3 6.
3s. 1C.
38.5 12.
41.2 14,
44,2 16«
48. 17.6
50. .IR.
0. «95
lo. .95
0. « 655
126 «655
0. «57
1.08 57
0. «475
9 «475
0. o475
-9 475
0. «ATS
-9 «47Y
-9 «475
o. .‘15
-9 <475
0. o475
-9 «475
0. Y4
-9 <475
0. %75
0. 2.0
36. 40.
0. 0.
0. 0.
0. 0.
0. 0.
o793 «037
~e330 -+335
«007 127
0. «138
1.394 1179
—-e 743 - 135
«002 228
0. « 185
1924 l.06
-1.032 -1.02
«067 «273
0. 294
2.789 2.4606
~1e65%5 ~1.0637 -
+005 «473
0. 35
3.0 3.0
-2.05 -2.04
5 1.05
0. «35
3.0 3.0
~2.0 =240
S lel
0. «35
3.9 3.0

]

10.
10C.
0.
0.
0.

1.26
C.
1.08
0.
-9
0.
-9
0.
9
Q.
«9
0.
9
o.
-9
0.
.9

4.
48.
0.

0.

9.

0.
.12‘
476
-.331
«221
«272
« 925
‘0710
«a28
<383
lejod
~.981
245
o0
2.049
1.%81
882
«725
2.415
‘2.0
1.425
«725
255
1.675
1.45
«12%
3.C

11 13 1 1915

20. .30. 40.
3l.

2l.1

17.7

16,2

13.5

11.5

9.6

1.0

5.2

2.

0. .

3.2 4.2 4.8
2024 2.9% 3.3¢
1.92 2.52 _ 2.88
Cleb 2.1 2.4
1.6 2.1 2.%
1.6 2.1 2.4
1.6 2.1 2.4
1.6 2.1 24
le0 2.1 2.4
l.6 2.1 2+%
l.6 2.1 2.4
6. 12. l16.
52. 65,

0. O. O«

Q. C. 0.

0. 0. C.

0. 0. Oe
.18 o270 «375
375 <276 .13
-e316 =.336 -,215
«275 <350 3106
427 «582 o754
<154 .582 <427
—~eble —o634 =-.549
«549 « 034 e bbé
<002 .81 1217
1.077 o861 w02
-+938 -+373 ’|1DQ
154 ~873 «933
«235 1.283 lebo%
l.664 1.283 .935
=1.494 =-1.368 -1.1068
1.168 1.368 l.49+
1e125 1.575 2.0
2.0 1.575 1.12%
~1.95 ~1.825 =~l.65
1.65 1.825 1.95
1.15 1.575 2.C5
2,05 1.575 1.15
~1e95% -~1.85% =-1.7
1.7 1.45 1.95
1.15 1+65 2.2
2.2 1.62 1.15

303.8

5C.

5.0
3.5
3.9
2.5
2.5
2.5

60.

4.8
3.36
2.88
24

244

2.4
2.4
2.4

DATA FOR ATLAS GEOMETRY INTERFACE

T wORG

KEFA
XAF 10
XAF 13
KOG

wOkG
%OiC
wQaG
WOKG
wORG
WORG
wWhkG
wORG
WORG
wGPD
WOKD
WOKD
1 3))
WORD
WoRY
WOKD
WORD
wORD
KUROD
wORD
WORD
wORD
WORD
wWOF D
WO&D
wORD
Wi
wORD
weap 10
WORD
WOKD
XFUS
XFUS

O

VI DO N OOV EPUWURNNIL e OB O NS W=

[
©

e
[C.¥.N -]

NN NN LN €N NPy €<

$10 210
10, 89,
4.2 3.2
294 2.26
2.52 1.92
2.1 1.6
2.1 1.6
2.1 1.6
2e1d leb
2.1 l.6
2.1 l.6
2.1 l.6
2.1 le6
28. 32.
0. O
Oe
2. 0.
o.
«793 «847
De
—.007 0.
«336
1.3%94 1.428
o.
-.022 Ve
o743
1.924 2.028
e
“0367 Oe
1.032
2. 769 2.905
9%
‘0035 Qe
leud5
3.0 3.0
0.
-.5 o.
2.95
3.0 3.0
o.
-9 O.
2.
3.0 3.0
0.

DN NA NS OLCOVVVNVVELLLTWWBWNNNN G = g

6
4
4
Y

7
\J
l
Y

a8

R

e A . i

o

| —

4



s Kyt

,‘,i

I

vel29
1C.
l.08
h‘.
10
l.68
[P
Ge
149
11.473
7:‘.
149
120060
13,
l.""
3.413
70,
l.ob
).
0.

Y]

2

82,
.23

-
23

-

N6e 279
lewYy

R, 277
| P

86273
1.49

80.
1.28

8.
.28

FACH GECLFLIFY COMPUNENTS /

S S

-2.0 -2.0 ~2a -2 =-1,95 =-1.85 -1.5
9 1.05% 1ed 185 1.95 2e 2.
0. 3% o129 lalb S 2415 3.0
3.0 3.0 .0 2.15 1.65 115 125
-2.0 =-2.0 -de -2e =1s9 ~1.8 ~1s2
5 1.05 leb 1.8 1.95 2e 24
0. «3% 125 .15 1.6% Celd 3.2
3.0 3.0 3.0 2elH le05 lel® «12H
-2.0 -2.0 ~2a -2 “lea9H =lab =leb
.5 ‘Oob !-5 I-B 1095 Z. 2.
0. 35 125 119 1e05 2.1 3.)
3.0 3.0 J.0 2ol le0% le1% -a 129
-2.0 -2.0 -2 -2« -1.95 -1.8 ~1le%
S 1.0% 19 1.8 1.9» Qe 2
0. «35 o725 leld 1.6 2s1> 2.5
3.0 3.C 249 215 lobd l.15% 125
~-2.0 -2.0 -2 -2a -1.9> ~l.d ~la%
9 1.0% 14 1.8 1.9% 2e 2e
0. «35 « 225 1.15 le6d 2015 29
2.95 2875 2.5 2elY .05 leld « 129
-2.0 2.0 ~2e ~de -1.9% =~1.8 ~law
5 919 1.4 1.8 1.9% 2e 2e
0.. <35 o125 1125 1.525 1.9 2425
2.8 2.%5 2425 1.9 1925 lele¢d 729
-2.0 -2eV -2 =195 <=1.8 ~le®6 —-1a275
3 .9 1.275 1tl.o 1.9 1.95 2e
0. «35 «12% loldd 1.929% 1.9 2.25%
2.8 259 PP Lo 1e225%  lal2d 125
-2.0 -2 ~2e ~l.9% =) ~1alG ~la21Y
- 8 1.275% 1.6 1.8 195 2.
53.091 N, 2.0 1dolod 422215 . LT :X)
0. 1G. RILN 3% 4). $Je ol
O. .12 le2f Lt 8 1492 e la92
62.215% Q. Qeall3  6ala basblr (o | SUPS B¢
0. lUe e 3te 4N, 59. 60N,
Q. 12 | laub 1.92 ety | R
55.72¢ 0. R U SRV %9.CL0  C. =304
0. Yi.T720 239. e 40, Hd. G,
0. 1.49 l.av ienS len9 le4? leay
55.000 0. =1.948 d.au8 H3.0713 7 =2ei0d
0. 13.7122 20 id. 4l RIVA oN.
0. 1.49 lLea® leav 1.49 1.49 1.49
53,073 C. =2e455 llewld 520481 (. ~2. 0
0. 13.722 20, 3. 40 50 6C.
0. l.n9 le49 l.49 1.49 | D ] 1.49
57473 3.2 Js 987 G868 1l.sld D
0- IO. -’\"o 300 'Q":. ')O. bno
[+ ]8 « 2 1.28 Leth 1.62 2e U 192
66,868 11.31% J, Jeald 3115 12.419 Ve
0. 10. 2. 3 LIV 0. u,
0. 72 .28 l.of 1.92 2e0 1.02
s/ DEF INT NUDFS Hith ALENDED WING-BUDY FIGHYIF -— (XAMPLE 2.
BEGIN NODAL DATA /
SET 10/
./ DEEINE A LOCAL INPUT pRAMT FQO
RE¥C WINGR 0. Qe Cae l. Ce Ve Ce Ue le 7/
REC VUINGL 0o Co e 1e Co Qe o 0o 1. 7/
CoC NTNDYA J. D¢ Qu le Ce Ce Q. C. 1. /
REC HINA 0. 0o G 1. Ce e te —lea Qe ¢/
RE? FINB Ne 0o Do le Te Q. Ce ~1la Oo /
RtC FINL Qv Q. Ne lc T Qe Je ‘ln Ce /7
REC ran ﬂ. O O ln Qo 0. Je -l C. /
REC §Ine 0., C. C, la Ce 0-‘ Ce -1 0. /
REC CANHDAR O, U 2. 1. Ce Q. Jde Ce l.
REC CANRDAL 04 D¢ %6 ke e 00 24 0e Lo
REC CANROWR 0. D, . le C. 0. 0. Q. l.
REC CANRDBL C. 0. 7 l. Ce C. Q. Ce l.
303.9

/

0.
3.0
Q.
k)
0.
3.0
C.
3.0
0.

3.¢

1(C.

bl
100.
102,
).

100,
Qe

too,
0.

100,
0.

AL LN L LN XN <
- - -
~ - ”

[ 4
]
w

Y
Z 14
Y 15

Y 15
Y 19
115
Viaen
X+ IN
Flaee
viti-s 2
X} IN
| 38 T IN
VIRG 3

VIIRD
vihe 4

Vukl
Vi, &

Vi.RD
CANDOW G
XCAN
CANORD
CANIIRG
XCAL
CANGRD

i



L latie

./ DEFINE MIN-SUPFACE NODES FOR WING COMPONENTS —-= 13 NUDES PER SECTIUN AS
DEFINED 3Y YHE GEUMETRY DATA, THC NODES ArE LCCATED SUCH THAT THEY
COINCIUE wlTH THE LUNGITUDINAL CONTRGL CURVLS ODEFINED oY THE ENRICH DATA
RECURD IN THE GECMETHY DATA StT. /

COMPUNENT WINGE /
MIDSUKFACE NCDES IN SECTIUN L13. 3.0 =1e 5% 3.0 =~1. 13. 3.0 20.
1 TO L3 OF 005 o095 o1 ¢=7 .09 0% /
NIDSUKFACE NCOES IN SECTIUN 13. 4.0 =)o 55. 4.0 =1, 13. 4.0 20.
14 10 26 OF .CCH (95 o1 *=27 05 .CH /
MICSURFACE NGDES IN SICTION 13, 5.0 -1. 55. 5.0 =1, 13. 5.0 20.
27 YO 39 UF L0C9% 4095 o1 =7 .35 .05 /7
MIDSURFACE NCOES IN SECTION 13. 6.0 -1l. 5%. 6.0 -lo 13, 6.7 0.
40 TQ 52 OF (05 095 .1 ¢=7 .05 .0S 7/
MEDSURFACT NODES IN SFCTION 13. 8.0 =1. 95. 8.0 ~1. 13. 8.0 20.
53 Y0 65 UF CC 095 ol =7 05 CY /
MICSURFACE NGOFY IN SECTIUN 13, 1C.0 =~1. 955 12.90 =1l. 13, 19.9 20.
66 TO T8 NF 0CH 4095 o1 €=7 405 QY /
RIBSURFACE RNL.DFS U SECTILN Q3. (2.0 =1 955, 12.0 =-l. 13. 12.0 20.
79 Y1 Sl OF 009 o39% ol ®= .09 405 /
MIDSUKFACE NCHES N SECTIUN  13. 1440 =1. 55, 149 ~l. 13. 14.0 2C.
92 T 1ie OF 00D o295 o) ®=T7 .35 0S5 ¢/
MICSUFFACE NODLS IN Sclll0y 13. 16.9 =-1le 5% 16.0 =-1l. 13. 16.0 20.
SO TQ LT OF &(CH )95 o1 =7 ,05 L5 7/
MIDSURFALL NLOtS TN SECTLUN  15. 1T7.6 -1. 5% 17.6 =~-1. 13. 17.6 20C.
118 YO 133 OF oCCH (23 1 &=7 ,C5 0% /
MIDSURFACE NGUES IN SECTIUN 13. 17999 -1l. 55 17999 -1. 13, 17.999 20. 7/
131 VO 143 OF «CZT» 4C95 .1 ®=7 .0% .05 7/
*/ /
COMPUNENT wliGL /
”lDSUkFACi NODES IN SECTIUN 13. ~3.0 ~1e 95, ‘300 -l. 13. -3.0 20. 7/
201 TGO 213 UF (CH o095 o1 =7 .35 .05 ¢/
HIDSU&I-ACI MDCS IN SZ‘C‘ 1IN 13. -4 -1le 55. -4 ~ke 13, -‘00 20. /
214 YU 226 (OF U (Y o295 1 &=T7 .05 05 7/
MIDSURFACT wWUDES IN SFCTIUN 13. =34) =le 5% =5¢9 =le¢ 13. =5.C 29. /
227 TO 239 M 0€> U955 o1 #=7 .05 .05 ¢/
MIOSUFACE NODES IN StCTION  13e =0el -le Y% =640 ~-lo 13. -0.0 20, /
24) YO 292 U «GCY 4095 1 *=7 05 05 /
MICSURFACEL NCDES BN SFCTIUN 13, =8.0 =le 5% =8.7 —=1. 13. -8.0 20. /
253 TOU 265 I o029 N9y 1 *#=T 05 05 /
MIDSURFALL NUDES IN SECTIE 13, =100 ~1e 55. =13.9 =1. 13. -10a2 20. ¢/
260 T3 273 UF (Lo 0495 o1 ®==7 .C5 05 /
RICSURFACL NNBES IN SYCTION 13, =120 -1o 5%¢ =12.0 =1l. 13. -12.0 20. 7
279 TY 251 IF (CT5 4J%5 o) ®27 0S5 .05 ¢/
MIDSURFACE NIDES 1IN SeCTJuN 2e ~14.0 =1le 55« =140 -1. 13, =140 20. 7
292 TU 38% 1 o029 o035 o) =7 .05 .05 /
MICSURFALE RCDES I SFCTIUN  13. —1040 —le 55. =16,0 ~1. 13. -16.0 20. /
305 T 317 UF oTC2 o095 o1 *#2) .09 JCY 7/
MIDSURFACT NULOTS I SiCTION 13e ~17¢0 —ls 5%, =17e6 ~1l. 13. -17.4 20. 7/
318 TU 33C uF 035 o095 .1 =27 3% .CS /
MICSURFACE NUCES TN SYCTICN 13. =17.999 ~le 5% =17.999 -1. 13. —-17.999 20.
331 TQ 343 F 4CC9 4095 o1 2=7 .05 .35 /

» I'4

*/ DEFINF NCDES AT YHF INTERSECTIGH PUGINTS OF THE LONGITUUINAL CONTROL
CURVLES WITH THE 2,0y SECTINNS. FCR THES CASke THEFE wWiILL Bt 37
NODES PR SECTINN OF THE oODY. 7/

COMPUNENT CODYA 7/

SURFACE NUDES IN SFCTIUN 2o ~12¢ =10 2o 1% =13. 2+ -10. 10+ /
1001 TO 1037 AT CuWVES /

. RFACE NUDFS 11 SECTION 4e ~1Ce =10e 4 10e ~12e 4¢ -10. 10. /
1038 T 1074 AT CUSVES /

SUR!‘ACE I‘HJCS IN SF.CT""N 6o ‘lo. "10. . XY lo- "l':’o 6o -‘0' 10. /
107% 1O ILll AT CuRvES /

SURFACE NIILS 153 SECTIIM 124 =10s =10e 12. 16e =12, 120 10+ 10. /
1112 T 1148 AT Cu=VES /

SURFACE N”UES l“ SPC‘IIJN 160 "100 ‘100 16. lo. ‘l:’o 160 -lO. 10. /
1149 10 1189 &7 CJU#VES /

SURFACE KOLDES IN SeCTi ) 2%¢ =10¢ ~19¢ 20e 1N =1%. 20. =10+ 10. 7/
1180 1) 1222 AV CLFVES /

SURFACE NUDES IN SFCTIIN 24, ~10. -10. 24, 10, -1D0. 24, ~10. 10. /
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1223 Tu 1259
SURFACE NUDRFS A
12060 Y3 )2v0
SUREACE MUdIS IN
1297 v 1333
SURFACE NUDES IN
1334 TG 1370
SURFALE NOUBLS IV
1371 T 1407
SURFALE NOOLS IN
1408 1) 1444
SURFACE rouDeS 1IN
144% 1u 1481
SURFACFE NMuolS IN
1462 10 1518

DEFINE MID-SULTACE NODYS FOR 1N COMPONFNTS —-

AT CUKVES 7/

STCIIN 280 -10. =104 28, 1C. -1D.

AT Cusvit s 7
AT Cu’vesS /
AT CusvEs /
Al CuxvLs ¢/
AT Cu=vi s /7

AT CuVEes 7

28. ~10. 1Ca. /
SPCTIUN 32. ~1)e =120 324 1)e —1)0 32, —lue 104 /
SECTION Joe ~1Js -10. 36. 10e ~1Jas 30, -10. 120 7
SECTIIN 42s =10, =10. 4C. 12, -1 60. -19¢ 19, 7
SECTL ' 48. —19. =10, «8. 1Ce -1Js 48. —~10. 10. 7
SECTIM 920 =134 =1Je 924 1Ce =104 52. ~104 12a 7/
SECTINN 654 —lJe —10s 05+ 1%. ~176 6%, -10. 10. /

AT Cukves /7
/

10 NOUES PER SCCTHON,

THE KOJES ARE LNLATED SUCH THAT THEY CCINCIDE wlTH THE LINGITUD VAL
CONTROL CURVES DECINED 8Y THE EANICH CALA FUCORO IN YHE GrOMFTERY

DATA SET, /
COMPONENT HINA /
MIDSURFALE NLVLS IN SE.TiON S92, 2.C %0 7T. 2.0 5.0 5%. 2.0 ~5.G6 /
021 TO 4210 9F 1 ¢=7 2 /
MIDSURFACLE NGDES IN SECTION 536 448 9«0 70¢ 4o3 5.0 5J%. 4.0 -5.0 7
0Ll TO 2Q2J uf .l ¢=71 .2 /
MIDSURFACE NuDES TN SECTION 5)e 642 5.0 7C. 6.0 9.0 57. 0.0 -5.0 7/
Q@21 1) 4C3) UF Lt *=7 2 /
MIDSURBACE NULDOFS IN SZCTIUN SCe Se+33 5.0 702 8.4983 5.0 50. 8.483 -5.0 /
4031 TO «C«) UF ol =1 2 /7
CLMPONTNT 1IN 7
MICSUREALE RUDES TN SELTIGY 56 B.483 5.0 70. 8.%83 5.0 50, d.433 ~5.0 7/
4041 T 4050 6k WL =7 W2 /7
MIDSURI ACE NCOES IN SECTION 50. 10418 5.C 7%, 1018 5.0 59, 10.19 -5.0 ¢/
@391 TD wfod CF oL =7 .2 ¢
CCMPUNENT FINC /
RIOSURFACE NiIES IN SELTION 76 —%.481 5. Th. ~4.%481 S. 5%e =4.431 -5. /
@UOLL T ACTY UF L1372 {028 o1 ®#=24 1028 1372 7/
MICSURFACE NUCES IN SELTIUN S0a —3.943 90 70. ~3.948 5. 50. -3.748 -5. ¢
@071 TD 40%) OF 1372 Qo223 ol ®=4 .1t28 1372 /
COMPONLENT FIND /
MIDSURFACE ROEES IN SICTIUN 50e =24495 5¢ TCe ~2.455 5. 5% ~2.455 -5. 7/
©@J81 TO 404) OF 1312 0028 ol t=24 .1628 .1372 /
COMPONLNRT FlIny /
MICSURFACE NGOLS IN SECTION 5Cy =20 9e 7Ce =2.0 5. 50, =2.0 -%. /
4091 T 4100 W 1372 0028 o1 &=4 1628 1372 /
/
DEFINE MID=-SURFACE NGDES FUOR CANAFO COMPUNERTS =~ 19 NODES PER SECTIUli.
THE NJUES ARE LQCATED SUCH THAT THEY CNINCINE wITH THZ LONSITUNINAL
CONTRUOL CULVES DEFInED 3Y THE ENRICH CATA RECOWD IN THL GECMETRY
DATA Stfl, 7/
CCMPONENT CANKCAY /
MIDSURTACCS NULRES 1l STCTION S0. 3.0 =le MWe. 3.0 -l. 0. 3.0 1. 7/
5001 TS SCTLY OF o1 8= 2/
MICSUREACE NCDES T SCLTIUN S5Ca 00 -le 73 6.0 ~le 50a 6.0 le 7
5011 Tu 5023 UF .1 ¢=7 .2 /
MIDSURFACE NGUDES IN SECTION S0. 11e315 —1le 70. 114315 ~1. 50. lledsy Lo /
5221 IO 503C OF .1 &=7 .2 /7
COMPONLNT CANY DAL 7/
MICSURFACE NUDLY TN STCTIUN A0e =3.0 -l 70. =-3,0 ~le 50. =3.0 l.
9534l T SCos 0+ o =] o2/
MIDNUREFACE N, 1 SeCTIUN %Y. -6a.0 -1ls TDe bl ~ie 92 -6e0 l.
YI91 1 Suo Ul Wb &= L2/
MIDSUREACE NODES IN StCTIU G 97 ~11e315% -1¢ 706 ~11e315 =1 50 110315 1.
SNG1 T S00N GF ol *=1 .2 /
CUNPALENT CANe D/
MIDSURFACH wDES TN StCTTON 506 12.319 =1. 70, 12.319 ~1. H06 12,317 1, /
$031 10 SCar 1Y .1 +=71 42 /
CoMPant Y Caneiet /
MICSUFFALE NODL, It SECTIUON 52a =124319 ~1e 7Ce -12.319 =-1. 50, -12.319 1.

5071 TJ 5N80 OF
ENLC EXTRACT 7/

.l .=? .2 ,
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0 RV

END NUDAL CATA ¢/
./ /
o/ DEFINE NUCE SUBSETS FOR PRINT ANU PLGT DISPLAYS. 7
BEGIN SUMSET LLFINITION /
SUBSETS OF wnCDAL SET 13 ¢
N1O = ALL 7/
END SUBSET DEFINITION /
END PROBLEM DATA /
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Figure 303-1.

SST Configuration
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Figure 303-2.

ATLAS Nodal Data for SST Aircraft
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Figure 303-3. Fighter Aircraft Configuration
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Figure 303-4. ATLAS Nodal Data for Fighter Aircraft
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Program Interface Demonstration
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