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I.  INTRODUCTION

In order to extend the analysis capability of the MIRADCOM
Propulsion Mechanics Function, the TEXGAP-3D static linear elastic
finite element computer code was obtained in July 1977 to be placed
on the CDC 6600 computer at Redstone Arsenal. The development of the
code evolved from a pilot effort in 1973, funded by Thiokol/Huntsville
Division and more recently (the past two and a half years) has been
sponsored by the US Air Force Rocket Propulsion Laboratory at Edwards,
California. A short course on the TEXGAP-3D code, sponsored by Pacifica
Technology, was held in Los Angeles the latter part of June 1977 at
which time the code was released. Previous successful employment of
the TEXGAP-2D computer code (developed by the same research group) by
personnel of the Propulsion Mechanics Function primarily led to the
decision to expend the effort necessary to get the TEXGAP-3D code
operational on the Redstone computer system.

Once the code was adapted to the Redstone CDC 6600 computer and
made operational, a task requiring a number of minor modifications to
the obtained version of the code, a check-out procedure was begun. The
check-out of the code involved runmning six classical check problems
and two additional example problems and comparing the results obtained
(computer output) with the results of computer runs (of the same prob-
lems) provided by the developers of TEXGAP-3D. Once these comparisons
were made it was concluded that the code was operating correctly on the
Redstone CDC 6600 computer.

At this point, the utilization of TEXGAP-3D for the purpose for
which it was acquired was undertaken. The TEXGAP-3D analysis to which
this report pertains is that of a transition region in a typical solid
propellant rocket motor. The specific details of the analysis and a
discussion of the results are given in the subsequent sections of this
report.

1.  ROCKET GRAIN CONFIGURATION

The rocket grain configuration is taken from Reference 1 and
reproduced, in part, in Figure 1. Since only the transition region is
to be considered, only that portion of the total geometry is shown in
Figure 1. The transition is from a four-point star cross-section to a
circular cylindrical bore cross-section. The region considered actually
extends somewhat beyond (a distance of 0.463 inches) the transition
region, as shown in Figure 1. Two slightly different star geometries
are coneidered, as shown on Section A2 in Figure 1 and labeled I and II.
Due to geometrical symmetry, as noted in Figure 1, and to the symmetry
of the loading conditions to be considered, it was only necessary to
model a 45°% segment of the grain cross-section in the analysis.




. FINITE ELEMENT MODELING

The finite element modeling of the transition region of
Figure 1 will be discussed in detail and specific reference will be
made to the TEXGAP-3D user's manual (Reference 2).

A. Grid Generation

The three-dimensional finite element grid system for
the transition region was generated using a BLOCK command (Reference 2)
to create a three-dimensional block region, such as that shown in
Figure 2, the edges of which may be defined by a cubic interpolation.
This permits a high degree of definition of curved boundaries. The
eight corner points must be input, as per Reference 2, while points
9 through 32 (see Figure 2) not specified are located automatically by
linear interpolation between corners. As many blocks as are necessary
to accurately define a region may be generate .

B. Element Generation

The three~dimensional isoparametric 20 node brick element
shown in Figure 3 was used in this analysis. As many bricks as are
desired may be generated to fill the previously developed block(s).
These elements are generated by a BRICK or BRICKH command (Reference 2).
The BRICKH command employs a reformulated element (Reference 3) which
takes into account near incompressibility (Poisson's ratio approaching
0.5). In this analysis the propellent grain elements were generated
with a BRICKH command and the case elements were generated with a BRICK
command. For both analysis models I and II, initially 16 propellant
elements and 8 case elements were generated, as can be noted in Figures 4
and 5. The result of subsequent "rezoning' can also be noted in
Figures 4 and 5, and this subject will be discussed a little further
along in the report.

C. Boundary Conditions

Boundary conditions may be applied to element faces and/or
element nodes. This is done through various commands, such as PRESSURE,
SLOPE, etc. (Reference 2), along with a face number or node number (see
Figure 3) designation. Various boundary condition commands were util-
ized in this analysis, and of particular importance were those displace-
ment boundary conditions, taken from previous two-dimensional analyses
(see Figure 6), which were applied at each end of the transition region.
These will be mentioned relative to each of the separate analyses to be
presented.

D. Post Processing

Various post processing commands may be utilized to
compute stresses, strains and displacements at different points in
an element. Some of these commands will be demonstrated when each of the
separate analyses is presented.




E. Rezoning

The REZONE command (Reference 2) allows one to subdivide
a coarse grid region of elements, for which a solution has been obtained,
into a region of smaller elements, and thereby obtain a more accurate
solution. A REPOS command (Reference 2) allows one to reposition nodal
points when a better geometry definition is desired in a rezone analysis.
The REZONE command was employed in this alalysis and the rezoned regions
can be observed in Figures 4 and 5.




MODEL T

The finite element model I is shown in Figure 4.

It was analyzed

for both pressure and thermal loading. The TEXGAP-3D computer input

and output is shown on the following pages.

Pressure Loading - Firing at -53°C (-65°F)

Propellant Case

E = 1.31 x 10’Pa E, = 2.07 x 10'°pPa

P (19,000 psi)

v = 0.499 v = 0.3
P (©

pressure = 1425 psi (9.83 x 10°pa)

Corresponding end displacements are shown on computer input

and referenced to Figure 6.

Thermal Loading (2 Weeks Storage at -53°C (-65°F))

Propellant Case
E = 4.82 x 10°Pa E = 2.07 x 10'°Pa
P (700 psi) © (3 x 10 psi)
v = 0.499 v =0.3
p C
Lép = 0.00089 in/in/°F

Ty, = 60°C (140°F)

Corresponding end displacements are shown on computer input

and referenced to Figure 6.

The results of three analyses on Model I are shown on the following

computer output sheets:

1) pressure loading with two sequential rezoning

computations, without any repositioning of element

nodal points;

2) pressure loading with two sequential rezoning

computations, with repositioning of some boundary

element nodal points;

3) thermal loading with two sequential rezoning
computations, without any repositioning of
element nodal points.




The first analysis, with rezoning near the cylindrical bore end
of the transition (see Figure 4), yielded a maximum strain of 0.0231
in element 113 (IJK). The second analysis, with rezoning and reposi-
tioning near the star end of the transition, ylelded a maximum strain
of 0.0594 in element 339. The third analysis, with rezoning near the
cylindrical bore end, yilelded a maximum strain of 0.200 in element 333.

The following results consist of the full computer output for the
first analysis (for element orientation purposes, in the interest of
the reader), and abbreviated output for the second and third analyses.
The first analysis is contained on pages 8 thru 94, the second on pages
95 thru 102, and the third on pages 103 thru 108.
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106 END,POSTY

107 REZONE,fele3s 3,3,5
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«ME3CErQ0
«1203E+01
«1962E¢01
+8327E+00
+1572€¢01
+bE3CEL0D
«1203€e01
+31962Ee 0y
+8L09E+00
1 566Ee D1
«0630E+00
+1203Ee01
+1942€+01
+8355€+0C
«1569E+01
+b63CEeQOC
«1203€+01
+1962E+ 01
«8381E¢ 00
«1567E+01
+4b630Ee 00

COORDINATE SYSTEM

12

1

A R o N N e )

Nt AR ET AN NNFE P AART T AW@ANNE L, ARSI T WE@NNNS -

FNBUPENNUWOTF ANV U FNVN WO EINVNUP FIN VWO FNAI WO rNa o rx

X

«1201€+01
+1080E*01
«9210E+0T
«1401E¢01
«1000E¢01
+990TE*00
«1329€¢01
«7818E+00
«8937C 00
«1005€e01
«E6S0E0C
+6650E+00
«131TECOL
«1T69E401
«2221€¢01
«165TESOL
+«1056€¢01
e1236E401
«1434E¢01
«164L0E+ 01
«1127€001
o1196E401
9312600
«89483E+00
«BATLE00
«1826E¢01
«2109€%01
«1689E+01
«1916€+01
«2153E+01
«1640E+01
«1791E+01
«1433 0018
«lbWTESOL
«1453E+01
«LATGEOL
«1115E«01
«2070E¢01
«2221€001
«2372€¢01

«2120E001 .

\J

0.

0.
«1831Ce00
«2438E000
«S004EeT S
«3520€¢00
« 33716000
« 52246400
oA39uge D
+3560E00
+6650€*Y 0
«6650E*0 0

0.

0.

0.

«281REc00

« B2408€000

«S110Fe0e

«8891€¢00

sL63I6EC0D

«897ICe00

«6052€¢° )

«9312€000

«8943EY N

«8&T1ED0

0.

0.

« 3360€400
« 3630600
«3914LEe29

«6520E+C0
«62T0€+00
«95P3E00
«8ALeECC O
«T861E0Y0
cL11TGESDL
c1115€e2 1

0.

0.

0.
«h1080€E+00

7

«0543€e00
«15S1Ee01
«AEIVETS
«1203F001
«19402E001

«1942€+01
«B8320E¢00
<ASTZE+OL
00 30€«00
«1203E+01

«b630E00
«1205€e01
«19402€¢01
<8389+ 00
«1568F¢01
«0639%€+00
«1203€01
«1942€¢01
<88 35E«00
«19061Fe01
«0630E+00
«1205Ee01
«1942€e01

B 2eiadll
«1203€e01

«1203€e01
«1942€+01
«8369€+00




MESH GENERATION 3LOCK-C 1IN CARTVESTAN COORDINATE SYSTEM 1
FRON T J X 1 1 3ToOT UK % % 7

GLOBAL CARTESIAN CCORDINATES OF POINTS GENIRATED

x A k 4

«2209E+01 +6 3186400 +1568F+01
«1966E+01 «0161E000 «SEIIECN0
«2010E+01 «7989€¢0 0 «1203E+01
«20T3E01 «TTTNECD O «1942€¢01

x v t

«2183E+012 «h2835000 «1203E¢01
«2300€¢01 063855400 «19602E
«1986€E¢C1 «8)71300C +8355€000
«20%0€+01 «74925¢00C «1569E-01

«1759€+01 «eEICECOD «1755E401 «1153€¢01
«1794¢e03 «1203€e01 «17920001 «1098€e21
«1761€+01 «1942€¢01 «166LE0L e166LEeD 1

«1620E+01 «1620Ee2 1 <1203 001
o1 366€E+01 «1366Ee01 « 19426401

s 18646E+01 e 14467001 «8327€00
«1398€+C1 «1398E+01 «1672508

s 20bTESCL Co. JLEICECOC «2646TE+D1
«24bTEOL 0. «1203€+01 c2LLTESOY
«246TEe0L 0. «1962€¢01 +245TEe01

«2657€+01 «483887+0C «8327E+00
«20457E¢C Y hB88Ce0C «1372€01
«2332E¢C1 «96575¢0( «4630E0C
«2132E¢C ) +96STESOC «1203E+01
«2332€E+0C 1 «9657<e0C «1362E401
« 20085t «1392F01 « 8328600
«2CBSE+CY «1392€¢01 15726018
«1730€e01 «17307¢01 <BE3LESOD
«1730E+C1 e1730%e01 «1203€¢01
«1730E+01 «17305+01 « 1962601

«245TE01 «bB888Fe00 «1203%€+01
«265TE01 +408088E+00 «1962E+01
«23326+01 «965TEe" 9 «8328Ee00
«2332€01 «965T7E«00 <A1ST2E001
«2085E+01 «1392€e7 3 «oE3IEC00
2089201 +1392€21 +1203€+01
«2005E+01 «1392€e0 1 < 1962E+01
+1730E¢01 #»AT730Ee0 L +8328€+00
«1730E+01 «1730Ee2 1 «1ST2E+01

NANE T A ANt o NAT ST NN
NPT OB NN U & VN WO FNAR WP F NNA
FRVECRVEVEVIVEVEVEVEVET P R R R R
VRSP T @wuNNNr A AARSrFawwnG
PENBA U FNVNWOFNA WO s YA W R

[LEURCRC RV RV R RURV T RURLRCR S 3 3 3 3 ]

GRADIENTS FOR NEXT 2LOCK GENERATION

Gt 1) = «100E+CH GU 2) = «100E+01
Gt 3 = «100E+01L Gl &) = «100E+01
Gt Sy = «100E+01 G( &) = «100€E+01
Gt 7 = «S00Fe(0 Gt 8) = «100€¢01
6L 9) = «100€¢C1 6(10) = «160€+01
Gl11y = +100EeC1 G122y = «100E+01

MLSH GENERATION 3L0CK-C IN CARTESIAN COCRDINATE SYSTEM 1
FROM T ) X £ & 7MW 1TIK 9

GLOBAL CARTESIAN COORCINATES OF POINYS GENZRATED

«2025E+01 +3505£+0C e194L2E+01
+2013€E+04 «36E97¢00 «2L05E+ 01
e1€6(EeCY 7762000 «21TuEC DL
«12725401 «6L53E+0C «1962E+01L

«2020€+01 «3689¢e00 «21T6Fe01
«167SE+01 «4B87FeCO +1942E+01
«1660E+01 «L636ESC0 «2605€¢01
«12LTECOL «5883E03 0 «2176Ee01L

i DS S

1 J L3 X { 4 1 J X X Y b 4

1 t 7 «Q145E0CH «1I42E0 DY 1 1 8 +2165E+01 0. «21T6E0L
1 1 9 s21465Ee0 Y «2605E¢01 1 2 14 «188CE+01 «3064ESPG «1942€+01
1 & 8 «188CE*0] «2LTLE+ L 1 2 9 +1880F+01 « 30L4ECDO «RG0SEDL
1 3 4 s1456€E+0 1 s 1962E+ 01 1 3 8 «1856€+08 «3297€e00 <R1TOE+L
1 3 3 c1656€+C1L « 32372000 «2405E 012 i L] 7 «1005E+01 «3566Ee0 0 «1962E+01 }
1 “ 8 «1005€+01 «3564°40C e 20TLESOL L L] 9 «1005€+01 +3564E¢00 +PeOSEe01L
1 $ 7 «BESOECC «6550=+00 «19462E«01 1 L] 8 «66S0E+00 «6650E+00 «21ToFe01
1 5 9 +6ESCE+OC 65505+ 0C «260SEOL 2 1 7 «2221E+01 0. «194L2E+01
2 1 A «2221€+01 0. «21T6ES 0L & 1 9 «2221€+01 0. « 2805E401
2 2 7 2 2 L)

2 2 9 2 3 7

2 3 L] 2 3 9

2 ~ k4 2 L) 8
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MESH GENERATION BLOCK~C IN CARTESIAN COOROINATE SYSTEM 1
FRCATI I X 1T 1 7TYOTIXK %S § ST SR

GLOBAL CARTESIAN COORDINAYES OF POINTS GENERATED

x v T
«93126+00 « 93126000 «1942E001
«8ATLE D0 «BOTIESUS «RAESEeNL
«2296E+01 0. «2) TRES0L
«2169E 401 «S966EG 0 +1942Ee01
<215 301 « 39146400 «24085E001
<1873EsY1 «6 325E N0 +2178E%01
«1545E+01 +«8TA3ECDD «196Z€+01
<1AS3E001 +7B861F000 JEANSEeRL
«11ATE+OL <L187ED L «P1T768EC0L
«23T2€¢02 O. +1982E01
«2372€401 0. +2005Ee01
«+2308E*01 «KLIVESI D «Z1TVEROL
«2113€401 +886TESD O < 1902Ee01
«2073E¢01 «TTTHESY O «2805E+01
«iT85E+01L «1104E02 L «2176E001
«1464E001 A1460EeD 1L «1962E€¢01
«1366E+01 «1366E¢) 1 «2605€e01
+2M0TESD1 0. «Z1TNEOL
«2657E+01 +4888EeC D «1962Ee0Y
«245TE+0L «&B888Ee0 0 <2MOSELDY
«2332E¢01 «96STECDO <21 T8E0L
«2085E¢01 «1392€¢01 <194 2€+01
«2085E¢01 «1392€¢01 «240SENL

«1T3I0E*01 +1730€Ee1 «Z1TSE*SY E

x x v 1 4

«1211€e01 «55605¢00 L 2485E00¢
+8943E+00 «8943E40C «21T74E 01
«2296EeC1 O, «1942€01
«2296£¢01 0. «260%€+01
«2162€+01 «JLbECOD « 2L TAEOL
«1898E01 + G4 TTE+ OO +1982€+01
+1044E00 1 «6116°+00 +2008E¢01
«1507€+01 «8372500C C2174E L
«1198E+01 «11985401 +1942E¢01
«1877Ee012 «1077F001 »2008E+01
23726401 Q. «217LES DL
«2313E+C1 <& L2TESGL «1942E%01
+2300E+01 4385700 «260SE¢ 0L
«2097€eC) +7969%¢0C 221 TLECOL
«1015€+01 «11 336401 «1962E+01
«1Tag€e0t «1062F+01 «2005E001
«1424E401 «1626EeCY «21TeEC 0L
«ZuATEeC1 0. «1982€¢ 0L
+266TEC0L 0. «2605E+ 01
+2487€<C1 «h888°e0C «21TuEDY
«2332E¢C 8 «9E57700¢C «1962E401
2332601 «965TFe0C «2605E¢ 01
«2085€EeC1 «1392F ey W 21TuES G
«1730E¢01 «17307e¢ 01 «1962€001
«1R30EeC «17 507001 s2L0CECOL

L)

VAN AANNRAE P F P O P T il i et e

NAE WA Nrere NEE WNN = BN E e R

PR AR FEEFERFFEEREBEEFELE RE R
AV AVANBFFFFrP TP uuudduudann-
ﬂrcuu-wmcuunnnublannumuﬁ
BONBPONBONGOI NI ONG O NABON® ONA

GRADIENTS FOR NEXYT BLOCK GENERATION

Gt 1) = +100€+01 Gt 2y = «100€¢01
Gt 3 = «100€e01 Gt &) = «1008001
Gt 51 = «1QQEeC? Gt 6) = +100E+01
Gt 7y = «100€¢01 Gt 8) = «100€¢01 !
Gt 9 = «100€«01 G(10) = «100€e Q1
Gii11) = +100E+01 Gl12y) = «100Ee01

MESH GENERAT ION S5LOCK IN CYLINOWMICAL COORDINATE SYSTEW 2
FREM T J X % 1 S VYoOT UK 7 9 3§

GLOBAL CYLINDRICAL CCORDINATES OF POINTS GENERATED

I J X q THETA ? 1 J L3 R THETA 4

9 1 1 «24aTE01 0. 0. s 1 14 o204TEE1 €. «23t19€e00
€ 1 3 «266TECCL Go «bb6IJEC00 5 2 1 «2LATESOL «1125€+02 0.

s 2 2 «260T7E+G1 «1125%¢02 «2315€E+00 5 2 3 s200TES0Y «1125€¢7 2 «A630€Ec00
S 3 % e24LTESCY +2250€¢02 0. 5 3 2 «2007E+ D1 «2250E4) 2 +R31SECR0
5 3 3 «266T7E+0 2250502 «eE3CE+Q0 S L) 1 «200TE+0L «3375€e02 ©.

L] ) z 2 2hbTECOL # 31753402 +2315E+00 S L3 3 «Z04TE+CL «3375€22 « M8 JECDR
s s 1 s ZaalEeCt 4S580%e02 0. 9 L] 2 SZOATECO1 03002 «2319€00
L] L 3 «2LbTECOL 05005002 «e630EC00 6 1 1 «2682E¢01 0. LD

L] 1 2 +24082E¢C1 0. W2315€Ee0" (] 1 3 «20826401 O, «0639E00
L 4 1 6 2 2

«2482E0 1 11255402 0. «2L82E+01  L1125Ee82 L RI15EC00

14




MESH GENERATION BLOCK IN CYLINORICAL COCROINATE SYSTEW 2
FROF T J X 5 1 1TOTJIK 7 S ¥ =

GLOBAL ZYLINORICAL CCOROINATES OF POINTS GENERATED

.
«2517E+01 «1125€082  JA63IEe( O
«2517E+01 «2250E4P2 L 2315€+00
+2517E¢01 «3375€432 0.

«+2517E401 . 3375E4)2 +HE630E+SQ
«2517€+01 500€¢22 L 231SEED

«2517€+01 +121255+02 »2315€+00
«2517E+C13 +2250E4C2 0.
«2517€+01 «22505+02 +WE3CE+QD
«2517E¢02 «3375%+02 «2315E+00
«251T7€01 «4500+02 0.
«2517E+(1 +45005+02 «463CESDD

L] THETA 1 4 1 4 X r THETA z
«2482E4+01 #11255402  LW63CE+00 6 3 1 «2482E¢01 «2250E402 O,
20826401 «22503402  L2315E+00 6 3 3 26826401  .22%0€¢72  AE30ECO0
w24B2E+01  (33TSECE2 G, 6 L3 2 “24B82E+01L «3375E482 «23I15E+08
«2462€+018 «J375E+02 +4630E¢00 6 S 1 +2602€+01 «4800Ee02 0.
«2LB2E+CY 45003402 ,2315%¢00 6 S 3 «2482E401 <ASO00EeL2  JW630E+00
«2917EeC1 0. 0. T t 2 «2317€+01 0. .
«251TE*CY C. «4EIQE+QD ; 2 1 +2517€E+01 «1125E4)2 0
2 3

7 3 2

4 4 1

14 b 3

L4 L] 2

NNNNNNNNOO OO
VMAE WwmNrEe N EwnN e
W NN W N WA

MESH GENERATION 3LOCK IN CYLINDRICAL COOQROINATE SYSTEM 2
FRCM I 4 X S t 171001 4K ¢ 5 3

GLOBAL CARYESIAN CCORDINAYES OF PNOINTS GENERAYTED

X Y 14 X Y (4
+2407E4C1  C. 3. «266TE+0L 0. +231SE+00
«26b7E4C1 0. +»463I0E+ A0 «2400E401 cLTTESNE

.
«2L00E+01 «4TTUESDO «LE3DE+O0
«R261E48L  J936LECEE L 23I15€eey
20356401  J1359E¢D1 D,

«POISESC1  J1359E4C1L  N63IQECNN
#A7T30E401  L1730Ee31  L2315€+00
«2L82E+01 0. t.

«26826¢01 0, «bB630EL00
<2034E+01  LMBA2EerE . 2315E¢00
«2293E401  .94G8EFC? 0.

$2293E¢01  LINIBECT L AE3IGEC00
«2066E¢01  J1379E+31  .2315€+00
17556401  L1T7SSEer 1 O,

«1755E+01 «1TSSEeLL « 630E+ND
«2517E+081 0. «2315€+00
«2669F+Q1  .4910Es0? C.

«2669E+01  LLQ1DEeL0  .M630E+Q0
#2325E401  L9632E¢17  .2315E+00
«2093E401  J1398Ee01 O,

«20936401  1398EeC1  .4E3VE+0D
«2780E+01 +2780EeD Y «2315E+00

«240CE+QL 4776300 «231FE+00
22616401 «3364E40C 0.
2 2261E+7 1 +33647+00 <4BIDELOD
«2035E+01 13597401 +2315E+00
«173CEeC L «1730%+01 Q.
«173GE+C1 «17 30501 «eE3QE+ Q0
«2482E+01 0. «2315€+00
»2434€E+01 hB42Z+4CC 0.
«2u3uEel sb862741C «eB3TESTC
£2293E+04 «3438°+05( «2315E+0C
«20ELE (Y 13792491 0.
+ 2066E-0Y «1373F+11 2 bB3C5400
«1755E«( { «17S5E+01 «2315E+00
«2517E+€1 B 0.
«2517E+C1 0. «LE30E+OQ
s 2469ES( 1 +4310Z+40C «2315E+00
«2325€+01 +96325+08 0.
«2325€+C1 +9632E+00 «WE3LE+OD
20936401 *«1398E+01 «2315E+00
+1780E+0 Y «176802+01 Qo
+178GE+CY «17 80E+CY «bB30ECAC

NNNNNNNNCOPO OO DN AN NN
MWV EDUNMeNEEW@NN» NS Gwn - o
P M e M L e L L R
NNVNNNANCO PO ND T OV NN N
MEFURNNEPANT WEAN NS SWNN» e
I L D e L L T L R O 3
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GRADIENTS FOR WEXT !L!ES.GQ?EQIY{OF

MESH GENERAT ION £L0CK

Gt 1)
6t N
6L %)
st T
Gt 9
Gt

FROM I 4 K $

GLOBAL CYLINORICAL CCORCINATES €= POINTS GENERATED

NNNNNNNNNNNNNOOCOCCCCCGOO GO AN AN AN NN AR NN

MUNE F WA AN B AN E T FWANNNME AR NS F W W NI
NAGPE AV WO FE AR WO E N 1 @7 TNMNUWGPE NN WP vV WwP s w4 R

+100€eCY
«<180€401
«100€+01

«100E+ 0L
«100Ee01
«100€¢01

]

eChbuTESCL
«24LTESDL
«2RG7EeCY
2 24bTESCY
W 246TE+OL
C2LLTE+(Y
c24LT7ESLY
s 26b7ECY
«284TEOL
«2bbT7ESC Y
«24LTE+CY
W 2h4TESOT
«244TE+CY
«24082E+C1
22482€001
+2L82E+01
«2482E¢C12
«26482E+C1
W2u8ZEeL 1
«2LAB2ESL Y
+2482€4C1
s2uB2E+ 1
«2482€+01
e 2482ECH
«2L82E+01
«251TE+C1
«2517€+01
«2517€+C L
+2517€«01
«2517E+C1
«2517E+01
«2517€+C 1
«251T7€¢C1
+2517E+01
«251TE+C1
«2517E+01
«251T7E~C1
$251T7E+ 2

Gt 2)
Gt &
Gl 6)
Gt 8y
G(10)
G129

?

011253402
«11255402
2250502
«2250E402
«2250Es02
38792002
+3375€402
+LS00EsC2
45005+ 02
5005402

0.

L
«1125E¢02
«11255402
+1125E+ 02
2250472
«22505¢02
«3378%e02
«33753¢N02
«33753+02
«4590%+92
435002402

..

0.

Q.

«11252+02

«1125€e02

«2250E402

«22505¢92

«2250€+02

+33753402

33753482

65003492

«450024082

7 00Te02

«100E¢01
«1008401
«100E+01

«100E+014
«100Ee012

IN CYLINDRICAL COORDINATE SYSTEN
371019k s 7

14

JRESIELOL
«1203E+01
«19%2€+01
«8328E¢0C
«1572E+01
+4E3CEs 00
«1203€+ 0L
«194L2E¢ 01
«8328E¢00
«15T2E¢ 0L
«ME30EC00
«1203E¢01)
«1942E¢01
«8328E+00
«1572¢€e01
<WE30EOQ
«1203Ee01
«1962E+01
92276400
«1CT72E« 01
JLEICEeOL
«12C3E« 01
«1962Ee 01
+8328E+08
«1572€+01
«B3ICELQQ
«1203¢+01
«1962€e 0y
«8328€E¢00
«1572€¢0)
+0630E+00
«1203E¢01
« 19425002
«8328E¢00
2 15T2€+01
«WE3ITECO00
«1203E4u1
219L2F4 0y

16

SIS OYT

NNNNNNNNANINOC O TR O CC RGO THA AT RARRRRAD WD

VAEP T T @EUNNNFR AV RA TR G WUENNER r AN TRT @@NNN - C

PENVWOTFVN AW EFNVIWRLNNWORSIFIVWO F NI WoOrNwWoOr R

3

J26MTESDL
W 2LLTECRL
«ZUNTESD]
«264TE01
«2687E401
«26MTE*DY
«200TESDY
«2LLTE+0L
o2NaTELRL
«264TE+DL
«20BTES01
«2LATESDL
«2482€+01
«2682E401
«2882€+01
oR482E01L
«2682E401
e26B2E¢C1
«2482E+01
«2LB2E+DL
248270012
«2LB2E401
«ZA82E01
«2682€¢01
«26826E401
«2517E*01
«291TEe01
«2517E+D2
«2517E+01
«2517€¢01
«251T7Ee0Y
«2517€E¢01
«2517E+01
«251TE*01
«2517€¢01
«2517€E+01
«2517F+GL

«112%EeC2
«1125€¢02
«1129€%02
«2250€002
+2290E002
«3375€03 2
« 33792002
«3375€+32
«4500€e:2
«&S00E*D 2

er125Ee02
«1125Ee02
«2250€+72
+2250€¢)2
«2250€e¢12
+ 3378702
«337SEs7 2
+4500€e0 2
«4S00E+Y2

+112%EeD 2
«1125F+02
«1125Fe02
«2250€422
«2250€02
«3IP5€Eer 2
«337SEe0 2
«3375€e02
+4500Ee0 2
W50l 2

b4

+B8328E+00
«1572€401
«MEITESOD
«1283E+01
«1942€+01
«8328E+00
«1572€¢01
+463DE00
« 1203791
«1962E+01

«4630€+00
«1203Ee01
«1982F%01
«8327E+08
+15 726401
“4637Fer
«1203€¢01
+1942Ee01
+8327Ee00
«A5T2Ee
«4830E+90
«1203E¢01
«1942€+01
«8328E+00
«1972€e01
+4630E+00
«1203E+01
«1942E¢01
«8328E+02
«1572€+01
+4630€E+00
«1203E+01
+1942€+01
«98323€¢00
15728071




Tie3cL43°
- ~Que3E2i0 "
LA FTA [0
Tce35021°
0643CE9%°

30432961 °
10435021 °

104329%61°
Te43£027°
0430£99°
0e32451°
9e34258°
10432%61°
T0e3502T7°
~—$ee3li9n’
$0e32L37°
BCe3 280"
Tde3cnal*
T0e36021°
0043089%°

- 18032458
00+382¢€9 °
T0e32961°
T0e302T°
00+36£9%°
$0e32(sT"
800382859 °
T0e3246T°
T0e35021°
003089%°
10432451 °
80436250°

4

FIe30045°
Fuea30LT
ieze6LT"
Fle3%0E0 "
To+306ET°
8e32£96°
Ge32£96°
94430T6%° -
08+3016%°
0€430T64°
‘0
‘0
18435541°
Ti+36840°
B0+35547°
T0e36LEY°
1Le364EY "
N+306%"°
§0e366%"
v-*30696°
gie3298%"
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3 15 ~elbi1E~C1
1 2 «9279€-02
2 2 «2137€-02
3 2 ~«1511€-01
1 10 «9133€-02
2 5] v 3095€-62
3 10 ~e1508€E-0G1
1 9 «1170E-01
(! 9 «2918E-C2
3 9 ~e1815€=01
FINE GRID ELEMENT = &
NODE I J K X=COORD
1 1 3 L] e113E¢C1
2 ¥y 3 8 e 146EeC Y
3 y gy «132€+01
L] t 5 5 - +995€+0¢
s L 3 ¥ «3640E*01
[} ¥ BER «166E¢C1
v » - - “rveELn.

scavivie
¢ ZALSHIT
«500E¢0C
«3525¢00
«2215000

«3885200

Y=-COORP

«213€s0C
«281E00C
«3005+00
3525490
«24bEsOC
«302€00¢C

CeamLan

LA LA LS 1 AV v 2 - eACLICYVA
Y TR TR T ezeEsE
2 3 S .129Ee01
34 S L140€s01
2 5 S 116001
1 & s
Z-COORD NODE I J K  X=COORD
SBLOECE8 11 2 5 5 .116Eedl
oBUSECD0 12 1 & 5 L107€e01
«BR1Ee00 13 1 3 6  .126Ee01
TOMMELR th 3 I 6 at5SELeL
o12CE¢0L 15 3 S &  L137€enq
<120Ee0L 16 1 5 6  L107Eed1
isneiwe Cwen T m ¥ e veaws
59

evwvcTve
TTeISBERNY
«20TE+00

Y=-COOR0D
ob26E+GO
«292E+00
«229E+00
— 291 E+00
+49SEc00
«308E+00

Avne.aa

«292E+90

« 002F 00
"9““‘.

Z-COORD
« B62E 00
« 806E+00
« 1037004
+w103€+0t
+ 102F 0y
«103€e01

PR




9
10

P R R R L Pl P R PR R, E R O

-

—
3
L3

R Ay 123

18
18
17
17
17

S
s

sanICTV L evom YL

.
«24TEC0O
«398E¢00

«129€+01
e 160€¢01

TVELUT
+9629€-02
«7339€-02

=e1701€-01

o E=92

3 -02

“e1V7S6€E-01

«SO7SE-C2
«a15CE-02
~«1270€-01

.
~e1206TE-01
«9397€-02
«5603€-02
~e1729E-01
«T292€-02
<3990 E-02
~.1526¢t-01
+6183€-02
«6116E-C2
~«1267E-01
«TOstE=02
«T60ME-02
=e1090E=01
«7T101E-02
« 3602€-02
~«1303€-01
«0108€=02
«3939€-02
~«1062E-01
+8272€-02
«5198€-02
~«1512€-01
«64qTE=02
«5660E-02
~e110%5€-01
«6508E-02
¢ 3T11E=C2
“e1187E-01
«h882E-02
+1813€-02
~+8925€-C2
e 5L6CE-C2
«2637€-02
~«9703€-02
«S3re€E-02
«281€€-02
~e1077€-01

FINE GRID ELEMENT =
NGDE X

IBNANET W
D e Ve

R

PRLE XU R P R oy

L]
X=COORD
«132€+01
«169EeC 1
«169€eC 1
«131Ee01
«151E+C 1
s102€ett
«179EC Y
«1466+01

rer.na.

Y=-COORD

2.

Qe
«3365¢0C
« 260E400

[ 0

L0
«350=+00
« 2815400

vewm.an

60

eacuEvea  ar «
. v y
<O0TEC0E 19 2
«BA3ECEY 0 1
Z-COJRD NODE I
«&63Ev 00 11 .
«463E¢00 12 3
«L63E00 13 3
+&W63E+00 16 s
¢ 869E+00 15 S
TONGECDSE - 26 ¥
«801E+00 17 .
«86L5E¢ 00 18 5

. .
57
s 14
L 04
J K
3 3
2 3
1 .
1 L3
3 3
¥ &
1 1]
2 5

sAPIEYMA

el

«130€+01
«129€e01

X=-COORD

+150€e0t
«132€eC1
J1G1Ee0Y
«A7SEeB1

SA73Ee84
s

«16TEeDY
«182€e01

arneiea

egicEvUV

.
oMGE+00
«J12E+00

Y-COORD
290200
«131E¢00

0.

0.
«363E+00
+ETeE e

0.
«181E+00

vemman

s dcvcvua
.

« 120Fe01
«12EeNL

t-COORD
« 48 3Ee00
«863F+00
«660E«00
«656E400
«654E«00
«89TFeet
« 846E+00
«882E*00

ar s imn

I ———



>
19

.

5

.

2

9
3

savacvua

v
<ITCEeTY «189Te0C

POINT,CLANP, AND SLOPE TYFE OC.
TYPE ~O

FINE GRID ELEMENT =
NODE

-

FOBNT N T N

=
R e e L e S e I P e N L R 7 O e

VE G U U

NG e

PO S a ph ph 4 b0 pa g e e pe
eI AVNVB0CARRNIVUWWNN

WANNSNNOA T X

VALUE
o660 0

=02

.
-+ 9979€-02
«6298€-02
«1348€-02
-e961 3€=-02
«bTB81E-02
«0945€~-0)
=.T7363€E-02
«6497€-02
~«1097€-00
=.T208¢=02
«6350€E-02
«6653€-03
=e9730E-02
«S4b1E-02
«1077€-02
=e80AnE-0P
«hECTE-02
«3855€-03
~eT195€E~-02
«5356E-02
~.7236€-09
-s0528€-00
«9539€-02
~e1C62E-08
~+1530€E-01
«5956E-02
~e213%E-(C8
~e 1171 E-04
«7670E-02
~.6948E-09
~e1246€E-01
«010E-C2
-+ 18085€-08
~.9225€-02
«7517€-02
=e193€E-C8
~+1355€-01
«9279€-02
«2137€-02
~e1511€=-01
«IL1LE-C2
«1166€E-02
~e1518E-C1
«T479€-02
e1615E=C2
~el227€-014

6
Xx=COORD Y-COJRD
«151E+C1 L0
«182€eC1 Q.

w179E+6 1 + 3505400
«1L6E+Q1 «2813¢00
«A77E+G Y de
«199Est1 (.
«192€+01 «363£40¢C
v166€4€ 1 «3022406
«167€+C1 0.
«182E+01 e 18154 0C

R LTS

«LETESYT

Z-CO0RO

«B8LOES QO
eBLLESDT
«BL1ESQQ
+«8LSE+ QO
¢« 120E+01
+12CE+ 01
« 1205401
v 126E+04
«ALEE+OO
«BL2E+DC

61

NODE
11

WENPE WV AW

N e

NN¥NoOrCOVWX

e ADCETV S

SISTEMNY

X-COORD
«162E+C 1
«157E«01
«163E401
«190€¢01
«185E¢01
«15SE«01
«186Ee( 1
—wi9TEeR ¢
+173€+CY
e17 3E+L 1

RIS
«INBE+TD

Y=COORD
«315€+00
«168E+00
L
0.
«357E¢Q0
«291E+00

Ce
1192€+00
«332E+80
«165E00

v 083ty
+BRTESTY

7-CO0RD
« MIES0C
<ITFe00
« 1036404
103401
«102F et
+«103E+01
1206401

~v120€+0t

« 120F 201
«120€eC1

A




POINY,,CLAWP,
TYPE

P L R P N L M L W L e S S P o

 AND SLOPE YYPE WC,

NODE VALUE
2 « 00 9TE-CR
2
2
E §
3 +ONMSE-03
3 “oTI03E-02
14 «3095€-02
T
14
L .
6 +2910€-09
L] ~.5010E-02
10 +L607E-02
TeIetE=0y
=eT195€-02

«8299€-C2

T2€-02

FINE GRID ELENENY = 7

NODE
1

2
3
L)
L]
6
i 4
8
9
19

B T N

B UPN NG DN A

10
10
195
15
13 .
18 «3619€-02
18 +2822¢=03
18 ~e5122E-02
16 «3061€-02
14 =+75089€-09
16 ~e6030E-02
1 6E-C2
1 *.2139¢-08
1 ~e1171€-01
s «e218E-02
S ~eu505E-09
5 “oTT80E-C2
9 010€-02
A 98%E-08
9 ~.9225€-02
17 «3717€-82
17 ~+.2622€-09
17 ~.6105€-02
13 «L85%E-02
13 . 1660808
13 -2979CE-02
L] 2082602
8 +1013€-02
L] -.0925€-02
19 «0388E-02
19 «1138€=02
19 =e7157€-02
20 +aATME-02
20 «8672€6-03
20 =+ 8286E-02
X X=COORD
3 e131E+01
3 «169€¢C 1
3 «160E+01
3 «123€+01
stabEvet
s «179€¢01
L] «165€+01
s «132€+01
3 «150€+01
e vieetett

POINT,CLAMP, AND SLOPE TYPE €C.
vvne wane

was e

Y=COORD

0 2603¢0C
¢« 336E00C
«663E¢0C
«S11Ee0C
«281¢e0¢C
«350Ce9(
+ 6525400
«5005+00
«2965¢00
500c+00

7-COORD
cLEJEVNO
«MB3IELD0
«L63ECQ0
«463EC00
«84SEede
«8L1EeQ0
«838E+00
«BL1E+00
«&63€+ 00
SNEIE e

62

NODE

P AR AL R TR

*\l' L EPRPR

BRANRNTF R P FWwX

X-COORD

olb2€et1
«128Ee0 1
«138€+0 1
«173Ee01
vit2Eett
«127€eC 1
«162E¢01
«173Ee01
oL43€Ee(L

sttt - -

Y=-COORD

«S06E+00
«315E+00
«SO0TE+00
«576E+08
«398EeCe

Z-COORD
«463Ee0C
«&63F+00
«6STE+00
«6S8E+00
«652€C0
«654E+08
« 843E+00
+BA0E+00
« S 8F 00
« S43T o8l

i




rerc UL yhLve
1 z T SZIE-WT T e e : =
2 2 +1340€-02
3 2 =e9613€-02
1 3 +6240E-02
2 3 +2767€-02
R — B BT 14 ) 3 I 4 S e e Fen T et
1 7 +5320€-02
2 7
3 14
1 s “eeTotE-ee LGN 7
2 6 +89SE-03
3 s = 7363€-02
1 10 +6260€-02
2 10 +2049€-02
3 10 =0 9617€-02
1 15 «SPyeE-02 e e =
z 15 +2637€-02
3 15 -+ 8970E-02
1 18 +5019€-62
2 18 +1527€-02
3 18 - 7713€-02
1 s +S461€-02 =
2 16 <1077€-02
3 16 ~e86haE-02
1 . +897€€-C2
2 . +3978€-62
3 “ -+1510€-01
1 o sT101€-02
2 s +3€42€-C2
3 s ~e1303€-01
1 11 +7310€-02
2 11 +3118€-02
3 11 ~e1241€-01
1 16 “7920€-02
2 16 «3731€-02
3 16 ~e1b11€-01
1 19 +6117€-02
2 19 «2670€-C2
3 19 ~e1074€-01
1 1 +9279€-02
2 1 +2137€-02
3 1 =e1511E-01
1 12 +9133€-02
2 12 +3095€-02
3 12 ~e1508€-01
' 9 «74796-02
2 9 +1615€-02
3 9 -e1227€-01

FINE GRID ELEMENT = 8

NODE 1 J X X=COORD Y-COORD Z-COORD NODE I J K X-COORD Y=COORD z-COORD
1 3 3 5 vib6Evet s 2915+ 00 28455+ 08 11 55 Jth8Eert «STEEHY s Oh9E et
2 5 3 S o179€+0 1 «3S0E+GC +8L1E+0D 12 3 LI ] «143€¢01 «398E+00 «Y3E+00
3 5 L 5 «165E+01 «652z400 «838E+006 13 3 3 6 «155€+01 «291€+00 «103E+01
b 3 5 s «132€+01 +«500E+400 «8L1E+00 16 s 3 6 «185E401 «3STE+00 «102E¢01
5 3 3 7 «166E+01 «302E400 «120E+01 15 5 5 6 «168E+61 *6L6E+EQ » 1026401
6 3 3 7 «192€+C1 «363E+00 «120E¢01 16 3 S 6 o137E+01 «b95E+00 «102€¢01
4 5 L] 7 4726401 «6b05+0C v120€+04 7 - e 37 “179€+01 v332E+400 120601
L] 3 s 7 «163€E+01 «489E+00 « 120€+01 16 L “ 7 «183E+01 «S513E+00 «120F 01
9 . 3 9 «162E¢C 1 «315E+00C «BL3E+00 19 3 5 7 «157€¢01 «5S60E+09 «120F 201
10 s . L «173E+C1 «507E+0C «BLCE+O0 20 3 . 7 «156E401 «410E+0 «120€401
PGENT (CLAND, AND SLOPE TYPE 66y e wo e T R
TYPZ NODE VALUE
1 2 e781€-02
- - atLEC.AY

63
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- - PO INIAT VY

I Y "2 = =
1 3 «5320€6-02
2 3 «2203€-02
3 3 < 8200 E-02
1 b4 «AT63E~-02
T T 14134 I S—

T 3 7 =« 6070€-02

| 1 [ +3095E-02

! 2 [ «7930€-03

| DS A T L] ) | o e

| 1 10 «5019€-02

' 2 10 «t92rE-92

! 3 10 ~eTT7136~02

| 1 13 «4995€-02

! 2 13 +2306E-02

' S R NN ¥ & Ll o [ S
1 18 «&276E-02
2 16 «1938¢€-02
3 18 =e6056E-02
1 16 «AR59E-02
2 1 +8000€E-0)

-3 . O

i 1 . oT101€-02
2 . «36602€-02
3 . =«1303E-01
1 (] «6105€-02
2 [} *3939€-02
" . w1020t -
1 11 «6117E-02
2 1 «2¢708-02
3 11 =e1070€-01
1 16 «6500€-02
2 16 «3711E-02
s —18 T eIITeTE=01
1 19 «5567€-02
2 19 *2893€-02
3 19 ~e0959€-02
1 s +«4082€-02
2 L] «1813€-02
3 b4 “—.092%¢~-02
1 20 «S040E-C2
2 20 «2037€-02
3 2% =«9703E-02
1 17 «43080E-02
2 17 «1138E-02
3 1r ~sT197¢E-02

TIME IN REZONE - 1.281 SZCONDS
TIME IN FORMKF = 3.690 SECONDS

TINE IN PREFRONT = - o309
TOTAL NUMBER OF 0.0.F¢S = 270
040eFs I[N FRONT = 112
HARINUN-ACTIVE STORRGE = 0966
TOTAL NICKNAMNE STORAGE = 224
BUFFER LENGTH = 18033

TIME IN FORWARD ELIMINATION = 7.523

VHMAFA AE SEATAREIDALIEL - “ee

64




BVUOER VUl LV IVARMNFAVYY - “vas
TINE IN BACKSUBSTITUTION = RLLL)

TINE IN 2IPP . 0.694 SECONDS
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14

~«1000€+21
~e1000E¢21

~«1000€¢21

PRINT LEVEL = &

STRESS POINTS FOR

POIN

STRES

Al

BDNP AP N~

S

PO INT

STRFS

POIN

STRES
POIN

NP R @

S
A\l

NP AL wN-

S
19

PBE e

S1

-1.000
0.000

POINTS FOR

aLock

0PYION

Lk o S

«1000€¢ 21

«1000Ee 21

«1000€¢ 21

BRICK(DEGEN)

s2

-1.000

s3
-1.000

PRISF ELENENTS

s2

9.000
1.000
0.000
.00
1.000
e.000

333

POINTS FOR WFOGE ELEMENTS

S1

82

s3I

-1.900
-1. 900
-1.000
1.000
1.0¢00
1. 000
9.000
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ELEMENTS

S&

~1.000
“1.000
~1.000
1.000
1.000
1.003
0.000

I 0 0
J 0 ]
K 0 L}
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D N e G N e N b N B R TP N G N g N N N N e e N'-t*f

FINE GRID ELEMENT =

NOOE I
1 1
2 3
3 3
& 1
L 1
6 3
r 3
s 1
9 2
10 3

I

i

NP e b e

L3

VA NNNNAE WY

sLvsvewe

«1519€-01
«3090€-09
~e22060E-01
«1102E-01

=, BSEIE=UY

~e2023€-01
«117€E-01
«2017E-02
*,1992€-01
«1509E-01
+1049€-02
-.2189€-01
+1342€-01
=+2183€-09
“weZ118C=C1
«1179€-C1
2€-02
=.2008€-01
«1330€-01
«2032€-02
-.2080¢801
«1205€-0¢
~«60807€-09
~e1849€-01
«9602€-02
=«1608E-08
= 1660€-01
«1356E-01
=e2361E-09
~+2022€-01
«1065€-01
~+1230€-08
=.1701€=-01
+1055€-01
“«121VE-QE
~.1061€-01
«1188E-C1
«1517€E-02
-e.108328-01
«1336E-01
«1T71E-02
~«1999€-01
«1197€-01
«TT36E-C3
~e1061€~01

2
X=COORD
«106€+01
«123E+C 1
“122€+01
«10SEeC 1
«120€E+01
«136€+C1
o133€+C1
«117EQ1
«11%€e0 1
«123€+01

PCINT.CLAMP, AND SLOPE TYPE BC,

TYe:
1

2
3

NODE
g

.
“

.

VALUE
—wttieE-et
«2017€-02
=e1992€-01

ssanr na

=J2ITE=VY T

Y-COQRD

0.

0.
«122€e0¢
« L0GESCO

0.

0.
e1325¢0C
«116E¢00

3.
«621E-01

2-COIRD

+66LE+ 00
«E62E+00
«66CECOD
«6E2E¢00
«85LE+OD
«852E¢00
e BLSE+ 00
+852E+00
«663C 00
«661E¢00
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NODE

. T e G e e T ey

MW N

NYNNOOOCIWVNX

X-COORD
«113E+01
«105E+01
«113€e01
«129EeC i
«128E01
111Ee01
«128€¢31
«135E+01
«125€e01t
«119€¢01

Y-COORD
«113E+00
«530E-01

t.

0.
«12TE+00
«110E+00

0.
«681E-01
«1264€000
«606E-01

7-COORD
+661E+00
+ 663F 200
« PHOE*80
«7TS8F 00
« 7S6E ¢80
« TS8F 00
«053E+00
« 8S0E*00
« 898700
«853E«00




|
i
{
|

easVEETVS

- -
2 1 =+§5B9E-09
3 1 ~+2023€-01
1 s «9150€-02
2 s ~e102¢E~08
3 s 16E-01
1 1] sE-02 ' T T S e
2 8 «2016€~02
3 s ~e1703€-01
1 12 <117 9E=C1
2 12 s1ezee-02 s =
3 12 ~+2608€-C1
1 13 +1060E-01
2 13 =09262¢-09
3 13 ~+1921E-C1
1 20 «916SE-02
? 29 «1022¢-02
3 20 -41797€-01
t 16 «1030€-01
2 16 «2011€-C2
3 16 ~41091E-C1
1 2 +9402E-02
e 3 ~41600€-00
3 2 =4 1668€-C1
1 6 +7336E-02
2 6 ~+1849E-08
3 6 - 1667E-01
1 9 +1055E-C1
e 9 -s1210€6-t0 g
3 9 =+ 1861€-01
1 14 +8297E-C2
2 s -+ 1810E-08
3 14 =+ 1570€-01
1 17 +8189E-02
2 17 - 1505E-60
3 17 -+ 1€33€-01
1 14 «7220€-62
2 7 «1681€-C2
3 . -+1531€-61
1 18 +7326€-02
2 18 +7709€-€3 3
b 18 ~e1515€-C1
t 19 «8021E-62
2 19 SLTG8E-02
3 19 -+ 1653€-01 i
FINE GRID ELEMENT o 3 :
NOOE f J K  X-COORD ¥-CO0RO Z-COORD NODE I 4 K  X-COORD Y~COORD 1-Co0RD
1 1 3 3 L93SE400  L926E-01  .463Ee00 11 2 S 3 .102€e01 +202€400 L M63E400
2 3 3 3 J113EeC1 1125600  LA63E00 12 1 & 3 .929Ee00  o138E400 L 463700
303 5 3 J111EeCL 2217000  <463E400 13 1 3 & ,988EeCO «983E-01  +S64ES0C
@ 15 3 4921400  1A3Ee00  JY63EC00 16 3 3 &  JAIVESOL  JI17EC00 . S63IE+00
5 1 3 5 1056461  J196EC06  J662E408 15 3 5 & ot15€e8t (2206408 . 5626400
&% oy «1226401  o122540C  .660L+00 16 1 5 &  .I6BEOD «191E+00  .562F+00
TS 6§ 5 J1206401  o234Eefl  (658Ee00 17 2 3 5 o113Ee81  o113E¢80 . 661Fe0C
8 L 5 5 J102Ee01  J198Ee0C  JE60ESD) 18 3 & S JA21ES0L «1T9E+00 . 659F+00
9 2 3 3 L103Ee01 L 102540C  JL63ES00 19 2 5 5 J111EeD1  <216E+00 . 6S9E+0C
10 3 e 3 JA12E401  J1677400  JLEZES00 20 1 & 5 J103Ee01  J1SSE¢00  .66tFe00
PCINT,CLANP, AND SLOPE TYPE 6C,
TveE NODE VALUE
t “ «1673E-01
2 “ «3947€-02
3 . ~e21366-014 -- — i
I 1 «1698E-C1
2 1 +205¢€€-C2 i
L . - PEYAC N |}

77




-

—— |

2 s «2017€-C2

3 s -« 1992€-01 i

1 (] «1172€-01 !

2 (] «3092€-02 - & !
———— T Ry

t 12 «1086E-01

3 12 «3022€-C2

3 12 ~.2155€-01

1 13 +1330E-01 ————————— e

2 13 «2032€-02 .

3 13 ~.200eE-01

1 20 «1176€-C1 |

2 29 «2973€-02 }

3 20 ~e1976E-C1 ¥

1 18 +1318EsTT o o e st L e R g ¥ i

2 16 «3911€-02 i

3 16 ~.2051€-01

1 3 «1170€-01

2 3 «2910€=02

3 3 ~e1815E-C1

1 r «9086E-02 == SR o T

2 14 «3101€-02 i

3 r ~e1620€-01 !

1 11 *1316E-C1

2 11 «3399E-02 |

3 11 =e1973E-01 i

1 19 «10228=01 - PR . e q

2 19 «5082E-02 |

3 19 ~.1767€-01 i

1 15 «103€E-01 -~

2 15 «3079€-02 |

3 15 ~e1712€-01 {

1 2 1188801 s : - ]

2 2 «1517€-02 i

3 2 ~.1832€-01

1 10 «1179€-01

2 10 «2231E-02

3 10 ~s1823€6-C1

1 L) «133¢e-01 - -

2 9 «1771€-G2 .

3 9 ~+1999€-01 l‘s

FINE GRID ELEMENT = &

NODE I J K X~COORD Y~ CONRD Z-COORD NODE I J K X~COORD Y~-COORD 7-COORD !
1 £ 8 4 «109€401 106500 6820000 11 b ok st1t1eenl <210Ev00 « 6397 + 90 {
2 C Ll A «122€4C8 1225400 «660E+08 12 1 & S «103E+01 «153E4+00 +»651F +80 ;
3 5 % 5 «12CEC1 «236Es00 «658E+0Y 13 . 3 % C111Ee0L «110E+00 « TSBE+0C
. £ %Y «102€+G1 «198E400 «660E400 14 3. 3 8 +128E401 «127E+00 «756€400
5 £ 3y «117€401 «1165+00 «A52E408 15 3 5 6 +126E401 «201E+00 « TSE+00
6 I B «133Ee01 e132540¢ +B8LIE+00 16 6. 5 8 o1O0TESCL «206E+80 «755E80
4 3§ ¥ «129€e01 «24PES9E «Q4TECOY 17 ey «129€e01 «126E080 + 8S0€*00
] i 5 «113E+01 «213€400 «84L9Ee00 18 . &0k «132Ee01 «192E+00 « BRBE+00
9 I ! 1136404 +113E400 +561E+00 19 $. 5 ¥ «121€+81 «230€+00 «Ba8E+00
10 L S «121E+01 «179E40C «659E400 20 R «115€+01 «167E+00 « 8S0F+00

PCINT ,CLAMP,AND SLOPE TYPE BC. i

Tvps NOOE VALYE i
1 4 «1172€-01 1
2 . «3892€-02
3 . ~¢1959€-01
1 1 «1176E-01
- 3 R 3 — — —_—— - ——— —_— - - {
3 1 =+«1992€-01 £
1 5 «9158E-02 i
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P Ll Lk e e R e e R e

FINE GRID ELENENT =

NOOE

DL B AP AE e
R TR

-

P L Lt ™

LY

P I I I

SAVATLT Ve
-.1783€-01
«92408-02
«39008€-02
~e1750¢-C1
«i1A74E-CH
«2973C-02
~e197€£-01
«1€30€-01
«2011E-C2
- 1691 €-01
«9190€-02
2970 €E-02
~eA770E-01
«i06tE-02
«3091€-02
-.10018-014
«9000E-02
J3t0t€-02
~e16208-014
6T21E-02
«27208-02
=elboot-01t
«1022€-01
«36026-02
~ATA7E-010
ee008E-C2
331602
“.1609¢-61
JTATZE-CQ2
2902¢-02
“e1%30E-01
«T220E-C2
«1601E-02
~e4%31E-01
«TOL8E-02
C2ANE-C2
~ 1818 0-01
«8021€-C2
«1748E-02
~e1E53E-01

s
X=COORO Y= CO'RD
1130001 0.
wtJ2EeCH 0.
1300000 1317000
«i13CeC «112°000
«123€e01 0.
elbife0y 0.
cdbOEsC Y o1 VIEe0C
1220e0y «L22Ee0C
i122te01 0

.
«132000 2 +H8KE-01

POINT LCLAMP, AND SLOPE TYPE €C,

TrYee

P

NOOE

2

B

vALut
«9%39€-07
=ei0428~00
“eiN30E~LY
o996 iNE-C2
J11068-02
“o1818E-C1
o7orbE~02
1325802
SRR 3}

Seive e

1-CO0RO

«483E000
«eb3EC00
chbiCe 00
St 3000
«BO2E00
«H6CEe00
«ERAEC00
«660E¢00
«h63E 00
«SEIEC 00

NODE
1

P R R

PGP e P e

BRARP PP v

X-CO0R0D

22€e01
11 3Ce0
tt0€e0t
W135Fe0 1
«136F004
«117€e08
«132€eCH
olbt€e0y
s131€01
e123EeRL

Y-cOORO
«121E+00
«S60E-01

L

0.
+138€¢00
«11TECQ0

0.
«TORE-OL
1316000
«621E-01

r-coceo
«ab3F 00
«hbYECO0
B8N F 00
«S62F 00
«S62€200
«S63FeNC
«661F 200
NCLLTES 1
«859F 00
«681F 00




R e e I L P L R S R o

1
NOOE

OB NP B E wrer
R R D R

10

P G ek

NE GRIO ELENENT =

AP ANNA A RAA R X

et sare wa
~.193%T-08
“e1358€-01
«9TeE-02
S621€-0)
=« 18240-01
«UEIVE-UTY
«1291€-02
-0

.
~e1309€-01

«0ATLIE-02
~.1870C-00

~e1069¢-01
«9002¢-02
~«1600€-08
~.1000¢-01
«10T71E-01
-.q901C-09
~e1605€¢-01
«8393¢-02
=~e1050E-08
“.1506€-01
«106%E-01
-.1230€-08
~eAT61E-01
«l106E-C1
«15178-C2
~«1032€-01
«1197€-01
«TT30E-03
=o1061E-01
«1057€-01
«1296€-02
~el1672¢-01

[
X=COORO
<1230
eibibeDy
c1&0Ee0 YL
fA238 4L
«136F01
«1S1Ee0
«1S0Ee(
«1336001
«132€¢014
«161Ee0 )

POINT,CLANP,AND SLOPE TYPE BC,

TyYee
1

R R ]

MR B R )

vALUE
oTELTE-02
=+ 1936€-08
~e1 ISCE-01
Te10¢-02
«1328€-C2
~e1391€-01
«BE28E-C2
«9615E-0)
~st319¢-01
«59%st-02
=~ 213%E-00

casie .

Y-COMD
0.
de

L 39Fe0C
«1228000
0.

0o

o 168Fe0C
« 1326000

0.
«708€E-01

7-COORD
«6626000
oE60Ee00
<6886 00
+EBOECDD
«A82€e00
«8LOF+00
«B6TECO0
«869F¢00
661600
«EXQEC00

NOOE
11

PR R PR R e

L N R

NN~N~NroOcORAR

X=COORD

o131 Ee01
«123€e01
«129E0 1
BRLLIZI RS
«l8SCe01
«120F¢01
«103Eent
«1S1E¢01
clb2€0 1
«135€¢01

Y=-COORD
«151€«00
«€21E-01

e

0.
«104Ce00
«12TE+00

0.
«760E-01
«180E¢00
«681E-01

1 ~COORD
«859F 00
«661Fe0C
« TS 8F ¢80
«TESE 00
« TSN e00
«TS6Ee0C
«050F 00
« 8068F D0
*« OABE 00




TeALIALTWS

«<TTTUE-C2
(]

«T246E-02
«1209€-02
.
«6397€-02
«S166E-03
~e 1270E~C1
«66P5 =02
~e2123:-08
~e12€6E-01
«9602¢-02
~+1608€~-C8
~+1660E-01
+T350E-02
~+1869E-08
~e1667E~-01
«8393E-C2
~«10850€-08
~«1506€-01
«6592€-02
~e206GE-C8
“e1313€-C1

B ———

~e157CE-G1
JT220€-02
«1681E-C2
~e1531E-01
«ETS56E-02
«1212€-02
~e1610E-01
W 7326€-62
«TT09€-03
~e1515€-01

L I R M N T R P Sy

FINE GRID ELEMENT = 7

NODE X=COORD Y-COIRD Z-COORO NODE
«113€+C1 «112€+0¢ «M6IEC 00
o 132E+C1 e 131E¢0C « 463E+ 00
«131E+22 «260E¢0C +4E3EQ0
o111Eel 1 «221540C «463E+00
«122€+01 «122€40C «6ECE*00
e140E+01 e1395+0C «E6SBE+00
«130€¢C1 2705008 CESTECBO
«120E¢C1 2365400 «6SBE¢OC
«122€+01 «121740C «463E+00
«131E+01 «195€+00 «LE3EC00

X-COORD Y=COORD Z-COORD
(1218008 «200E00 483708
«112€eC1 «167E+00 «b63Ee0g
«117E¢01 «117E%00 +S63F

«136E+01 «135E+00 «562F+00
136E¢01 «265E+00 +561E¢00
«115Ee02 «228E+00 «562€e0C
«131€e01 «13t€v00 «659€ 00
«139€+01 «206E+00 «658€400
+«129€¢01 «252E+00 «65gFe00
«121EeCH «179E+00 +659F208

1
2
3
.
5
6
7
8
9
0

W E U G N
F AN P e
PEE LR R P RS 3
FVNS UMV UwTNC
VMUV Frrruwex

-

POINT,CLAMP, AND SLOPE TYPE BC.
Tvps NODE VALUE
«9LibLE-02
«1106€-02
~e1516€-01
«9279€-02
«2137€-02
~e1511E-01
«7889E-C2
e2L31E-02
=+1300€-01
«7916€-02
v4325€-62
“e1394F-014
«9348E-02

ecvic.nn

G AT N P G N e G N e
PP PP A NN WwNNN




1
»uu—jr

J

BIN WM DN WNT NN N - wN W Nw

FINE GRID ELEMENY =

NOOE
1
2
3
.
s
6
L4
8
]

10

I

MUV WD w

<. 1L
15 «8509€-02
13 «2035E-02
15 ~e1392€~-01
10 «7956E-92
18 ~e1361€6-01
16 +00639€-02

«1291€-02

J

FOVNA AR

PCINT,CLANP, ANO SLOPE TYPE EBC.
TYPE 13

-
SN WN WD W WY

1t «1061E-01
11 <2090 E-02
11 =e1661E-01
16 «1036€-01
16 «3079€E-02
18 *e17128~01
19 «8300E-02
19 «2751E-02
19 1
t 1
1 «1517€E-G2
1 ".1832¢=01
12 «1179E-01
12 «2231€-02
12 -21023€-61
L] «1057€-01
9 «1296€-02
b ] “.16722-01
L]
X X=COORD
S «122E¢01
S «140E+01
9 «138Ce01
5 «12C€eCt
14 «133€¢01
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FICON SCOPE 3.0.2 NN 3N o8 NXN R.O 1+,.37
15:51. 3. WHLKPCH  FRON L

1250e03.IP LJ..1672 WORUS = FIL: INPUT , J: )
155200 NHLKP, T100J,CN200600,L2000,

15.52.00. (TIEUI
135000 3FISKLFFOS 7200 A3 MACKETT [ LTT8

13 Si.65 LINITC(LGuE)

L13e51e0d, -

1550003 ATTACHITERSB o KP XR X0, J0=KPXXX,CYu3, NIn1)
13503,

13.51.05 DISPUSL(OUTPUT,*?xa()

1951 e0be

12:51.60.L0SEN (PRES:T=Zeh)

125100,

15:50.00.TEX 3,

L3e51e09,

Loeubelde NON-FATAL ERROK(S) 1N OVERLAY GeN.
19310034 LOCKIN,.

103230, UNLOCK .

le 3>.1. stor

Los35.1.. 12245¢1 CP >ECONDS €XZCUTION TINE
Loed5edscexll,

1043510,

10.35 ii JP weua7728 WURIS = FIL. QUTPUT , )5 «v
10035¢1.495  0.9¢8 MORDS (3673 MAX USE))

10.35.1u.CPA 129.76% StC. 112.765 ADJ.
10.35.1..10 161,122 SeLe 73,0833 AuJ.
10:¢3% 1,020 13369 19 xwS, 137. 606 ADY
10.35.0..PP 271.80u Sele JATZ 1720007

LoedBeiveid cND OF JOB, kP
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LINE QIRECY LIST OF INPUT OATA

SFINOCYL = STAR TO CYLINORICAL BORE TRANSITION (I)
z b S s e M s i ot Ll L

1

+§ JPRESTRTE
3 IS0, PROPELLANT 11 0eTESee099,~0 013248
& ISO.CASE.2,3,.E7,.3
S ENO MATERIALS
§ MOCK-Cils Telole 9¢%eTs TioS t PROPELLANT WOOES — 1
T o9 olels 2.007,0400 1.736,1.730.0, 665,.065,0/
0 N 0,0083, 2.007,0,.0€3, 1.730,1.730,.063, «085,.885,.433
° 30 300065100063, 200, 016,.470,,.063/
10 10 290,4003, 32,09

e 203,463
ANT NOOES E
1T SN0 .‘" ZoNaT0,.0CT, 1.7 1.730,.083; 009 009007 e
13 2.16%,0,1.92, 0008e902; 1o730,1o730,10902 66500065, 1.9%2

16 10,2.030,.065100063, 12,008800407)0,.463, §13,4.31 L1214

15 2002.030,.65101.902, 20,1.1%,.33,1.9%2, 22,2.100 25040063/

16 20,907 ,.263,.0063, 25,1.775,0,1.632, 30,2.100,1.250,1.92/

17 3241.79,.33,1.92

30 SROCKU=Cots titePy S45¢% 7,.5 3 PROPELLANT NODES

19 2.185,0,1.96020 24047,0,1.942, 1.730,1.73043.942, o‘“.-“'oh“!/

20 2.105,0,2.009%, 2.087,0,2,005%: 1730:14.73002:005, <665,.68%,2.009

21 10,2 6550109020 12,201%0033,109M2, 18,2:4 51,2005, 20,1.15,.33,2.00%/
22 22.2.18 250,1.962, 24,1.754433,1.9%2, 3 o2502,005, 32,1.75..33,2.405
23 BLOCK 2, Selels 7,53 8 CASE NOOES

B0 BateP 00, 2attP o0 002,52 09, 0,2,007,45,37

29 2.007,0,0.063,2.517,0,.463,2,517,05,.,063,2. “Q'..'.u“,

26 OLOCK 2, So8e3s 745,7 § CASE NODES

27 2.007000e06302:5174000063,2.517005,0063,2.447,05,4463/

20 2000740010 0202.517 0002090252517 008410902,2.007,45,1.92

29 BLOCK,2, Selo7y 7,5,9 8 CASE NOCES

B0 2eveT a0 st NI eIt 00 290D 257,00, 20 PN R NP AS R MR/

1 20007,0,2.008,2.517,002.00502.517,05,2.605+2.007,05,2.005

32 END,6RID

36 :l:ﬂ‘lo tetet ? PROPELLANT ELEMENTS o
L

36 LEND

39 XEND

&0 XLOOP,&

1 A00P,2

o2 ORECN 2y Setot § CASE ELENENTS — ~
JEND

o6 KEND 2
45 KLOOP,6

46 ILOOP,S

A7 BCoSLOPE.L 1410 § $ 0 OEGREE FACE

“8 :g;:\ﬂﬂ WSty 2 P &% DEGREE FalE e

S0 wEND
S1 JLOOP,2
$2 BC,SLOPE.S, 1,1, & 8 END OF CASE
S3 JEND

54 W ivhviviy 0v=7.3868-2
$S 8C.UZs14241, £4

$6 BC.UZo14s3e1,
ST 8C.ULlelsbete
S8 8C,UZo1+5e1s 00=7,3085€-2

59 G ¥iviviviv Sv-5u5306~2 —————
60 BC,UZ42,:341, 0,-5.530€-2

a1 Oc.uh!.!.l.

e” ar v v a v earc.n
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Ve UNIMLIVIARAY VI VeWPLL “&

(14 t.ul.b.hl.
TR BCUT W eI T VisToUNSE=T
69 BC,UZ0,5,1,
79 SC,UZ S elels

1 L]
T1 B8CeUZ 502010 .s.d

BCrUZe3e8e
48 BCoUL.b .1,
89 B8CoUZsbe30 90 0,-.5226-2

98 9C;UT 8% 9 iwdesie=? = p 5
91 8C,UZS 41,
BCoUZeS e2e 90

102 REPONE, 11430 373,

103 REFINE,GRADS 1,130 20242
\ 106 BCR REZOWE Lo1,5y Z0Z0Z0202e80 fo1sd
| 105 END,CONTROL

106 SOLVE

107 POSTY

Nnorx -
109 OPTION,2
110 END,POSYT
111 REZOME 1,1430 34345
112 REFINE,GRADS o141 43+ 24242
113 nl..!lmvlvl.3' 2.20!02.2:2. loiv3
! 116 ENO,CONTROL ——
| 115 SOLVE
1 116 POST
f 117 8LoCx
' 118 OPTION,2
119 END,POST
— s ————— e

TINE IN FFLOSS = +843 SECONDS
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WICOW SCOPE 3.4.2 HW SN &8 HXN R0 10,27
15.25.00. IMZKPON FRON /&P
$.29.00.17 00000576 WOROS - FILE TWPUT , OC 00

L L] .
COIKLONES 7208 A3 MACKETT  SW)
LINTT(1008)
"m"lll'o"lll“ql_ﬁ!'!!!;%’,!'"f!"‘7
DSET (PRESETSZERD)
‘.

WON-FATAL EARORIS) 1N OVERLAY GeN.
$5.591 CP SECONOS EXECUTION VINE

.
P 00042000 WOROS - FILE OUTPLY , OC &0
43008 WORDS (¢ 33009 wWax useo)

92.8547 SEC, 03.301 ADJ.
9%.1% sSCC, 88,400 A0,
9390.4029 Kug, 9%5.103 ADJ.

o 192,987 SEC, TaTE 18788777
«EJ END OF JO®, KP
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'm g - TR "

MODEL 1T

The finite element model II is shown in Figure 5. It was analyzed
for both pressure and thermal loading. The TEXGAP-3D computer input
and output is shown on the following pages.

Pressure Loading - Firing at -65°F

Propellant Case
B, = 19,000 psi E,»3x 107 psi
v_ = 0,499 v =0.3

P c

pressure = 1425 psi

corresponding end displacements are shown on computer
input and referenced to Figure 6.

Thermal Loading (2 Weeks Storage at -65°F)

Propellant Case
E, = 700 pst E, =3 x 107 psi
v = 0,499 - 0.3
o 0.000089 1in/in/°F
To = 140°F

Corresponding end displacements are shown on computer
input and referenced to Figure 6.

The results of two analyses on Model II are shown on the following
computer output sheets:

1) pressure loading with two sequential rezoning
computations, without any repositioning of
element nodal points;

2) thermal loading with two sequential rezoning
computations, without any repositioning of
element nodal points.
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The first analysis, with rezoning near the cylindrical bore end
of the transition (see Figure 5), yielded a maximum strain of 0.0260
in element 113 (IJK). The second analysis, with rezoning near the
cylindrical bore end, yielded a maximum strain of 0.235 in element 113.

The following results consist of abbreviated computer output for

both the first and second analyses. The first analysis is contained on
pages 111 thru 124; the second analysis is contained on pages 125 thru

131.
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LINE

FEXET L F T T

cn

OTRECY LISY OF INPUY DATA
SFINOCY( - STAQ TO CVL INORICAL 90RF TRANSITION (ID)

SETUP, &,

IS0 PROPELLANT ¢ 10209 & 00099
IS0.CASE.2,3.€7,.3

END MATERIALS

9:3: 7 SPROPELLANT WOOFS

22910406400 «00,.33,0/

B€ 0005, 88,,.33,.08)

120091300223,00 1002.030,.292,.063, 20,.913,.223,.06¥/
2202:977,0500:8, 20,093300228:0¢ J0.2,577,.500,5003: 32,,933,0112,.003
BLOCK=Cole Lo3els 545¢3 SPRCPELLANY NODES

« 009,009,087

t 20 10,2.190.10170,.003, 20,.792,.999,.083/
2241.950,1.087,0, !Qul!’o.i’!... 3001.9%0,1,057,.068, 32,.02%:.082,.483
BLOCK=Cyte Lelosde S¢3e7 SPROPELLANT NODES
900000630 2.000,0,00€3, 2.291,008€,.063, +88,.33,.08)/

14982, 2.292,.00,1.902, . 331,902
30022304003, 13:1.39 '\
e 33.1.M2, 22,2 800.4003/
001,383, 30,2.377,.9580,1.902/

10,2.630,0292,1.902, l.'
280.9334081200663¢ 2%5:2.79.
3Ce1.89,.5%,1.9¢
BLOCK-Cole 153,35 S¢5¢7 SPROPELLANT NCOES
008, .3%3.083, 2i291..00:00Y, 1.TI0. 2.7 I0,.008, .009,.049,.4037
¢33 ,1.942¢ 2429140 s
1 e150,1.176,.463, 1
2000 752,0599:1.902¢ 22010958.1,057,0063,
30109501057, 84902, 3200829,,452,1,962
BLOCK=Cole LoeleTe S¢3+9 SPROPELLANT NODES
CotaS,052a902; 27007, 042,900, BoRO15000602.900, 100,.33v2, %27
20105:0,2:0080 200467,002:005, 2:2914406,2.00%, 0 008.033:2,009
0290010902 12010003,.33,1.902, 18,2.030,.292,2,008/
2202437705000 1.902, 2601.09,.3%51:902/
. 32¢1409,.3%, 2,008
BLOCK=Cole 1¢3¢7¢ 5:5:9 SPROPELLANT NOOFS
o880 9302.902 20201 ,.00,2.942, 1.3, 1.7P30,1.940, 665,,065,1.9027
008,055,2.605, 2.290008602.40%, 2.730.1.730:2.00%, .665,,¢065,2,408
1002.150,1.176,24962, 12,0792,4559,1.902, 10,2.15001.176,2.408/
$9,2,005, 220309505 1,657,1,942, 20,0825,0052:1,902/
o057,24005 ¢ J2,002%,0082,2,008
Selels 7,33 SCASE NOODES
O LoSeT 3090y 225170005600y 2.007120.56v87
o685, 205170000063, 2,517¢20,5600 0630 2,007,20:456440483
BLOCK 424 59308 745430 SCASE NOOES
2047020564080 24517,20.56,0, 2.510:45,0, 2.L07,05,0/
0650 2e517020,5600063¢ 2:517¢05:00830 2,007,08,,063
o3¢ ,3,7 SCASE NOOES
!.i".‘.oﬁo,' SIB2P, 0 083, 2.517:20.9¢4.080 abaP 20,905,407
2o00T 40410902y 2e517 00000962y 205170200560 14902, 24007,20.56,1.902
BLOCKs2, 5,3,3, 7,5,7 SCASE NOOES
2e00T7 2056000630 Zo51T920:5600063, 2.51T,45,.083, 2.847,45,.4637
200607 020036010902, 205171200560 109%2, 2051708010920 20007,08,10942
BLOCK 2,4 Sele7y 7,3,9 SCASF NOOES

Qe G42e 205170200560 10942y 24007y 20 456 v1 900/
20805+ 2.507:20:56:2,008, 2.007,20.56,2.008
BLOCKs2e $¢3¢7s 7,5.9 SCASE NODES
2.007020.5602.942, 2.517,20.56,1.962, 2,517,085,1.942¢ 2.667,65,1.902/
20067020e5642,008, 2.8517,20056,2.060%, !.5";5’.!0“’v 2e00T7,08,2.008%
END6R1D
KLOOP &
IL00P,2

“AnD 9

2000028,4082,0003/

111

e ——




TS RUOPT

ve Jewvr se

8y m:llWl?'l".l.l T PWOPELLANY ECEWEWTS

66 JEN

¢S IEw0

66 KENOD .
67 XLOOP.&

69 BRICK,2, 5,11 8 CASE ELENENTS

70 N0

71 KEND

R S e e T e R e L
73 ILOOP,3

T4 BCoSLOPE,1.1.1, 9 t 0 oftGREe Face

14 ::sl'!.l.!.h 2 $ &S OEGREE FACE

77 KEND

re e e

79 0C.SLOPE.S 1410 & S END OF CASE
JEn0

2
03 BCoPRESSURE, 1.1¢1¢ 4e1.429€3 S 1828 rs1 Pl!!il!(

JEWD
oS KEND
06 8C,UZ,1,101, O
07 9CeUZole201,
08 SC.UTZ 14341,
09 BC.UZolobols 0,-2.106E-2
98 SC.UTT%els T 2etOWE2 T e
91 BC,UZe2e808¢ 0y-1.630E-2
92 9CoUZe243010¢ 00=1.0300-2
93 BCoUZe2:%e4s 0,-1.630E-2
9% 0C,UTe3etete 0,-1.0026-2
95 8CoUZo342¢1, 0,-1.0926-2
96 BC,UZ:3s3e 1, O¢
97 BCoUZe3ebets 0
98 8C,UZ,3,%.1,

=2, 106E-2
2.100€-2

102 8C,U2,%:ts
BCoUZ4S o 20

1o
BCeUZo1e1e9s
198 OC,UTe142, 9,
109 8C,UZe143+9¢
110 BCUZs1 0809
111 BCoUZe145¢90 0,-0062E~2
112 BCoUZs20¢1090 0,-.2006~-2
113 BCoUZs26349¢ 00=o300E-2
116 6C, U2 24949
115 8CoUZ,34149,
8CoUZ3 429,

O O
8y=d238E-2
-« 230€-2

.
OCoUZ1542¢9¢ 04-0153€E-2
B i iaiinll

126 OC,UZ,5¢8¢9¢ 0,-4153E~2
127 BC UZe5¢5e 90 00=e153E~2
-

1% Fun Firuruve

112

—




|

i
|
&I

;

|
I
i;

ACO CRUICLENENID

130 PoST

131 sLoCK

132 OPTIONs 2

133 END,POST

TI& REZUNE, Te1e3s J93+5

135 REFINE,GRADS 401030 20242
136 “..“l”'l'lt" 202020202025 10143
ll" lﬂ.cu

tl‘ ’OSY p

140 8LOCK

161 OPTION,2

162 En0,POST

143 REZONE 101439 34345

TS REFINETCRADS 31T SY 9 e T T

165 GCR,REZONE 198030 202.!;2.!.!0 l-lv!

166 END,CONTROL
167 SOLVE
168 POST
169 6LoCcK

OPTION 2
151 END,POSY
152 svop

TINE IN FFLOS® = 10132 SSCONDS

113

B T




4
TO420TTS 0043992° Ve+3TET° s 2 1 B0#3E9%°  9043208° T043493° £ 2 _
3843023 0843208° 38438330 6§ 3 80e36ene 33043363 ¢ I 3 "_
T00I6TTC  80+3IRVEC TPeI00I* 5 2 TH4302T° 90030550 0043060° s £
eI *hMeeRIt 0§ T 2 TOe302T°  0043565°  T0+3esT° s § ¢ ,
1003560°  000308E° §803098° " £ 3 T0+303T° 0 ¥T043202° s 1 ¢ v
0043EE9°  0043505° T043651° v £ = T84T *0 1943097° s 1 3
103080 0 T0e398Ec 84 T ¢ 83+43099° 09430550 80439 s 5 3 j
adwnse 0B Tped2TT 4 T T B04INS 5843666 T043661° 5 & & e
0003694° 0043091 88e3526° £ 2 3 00+3599° * £ v s
0043098 004359%° T0e303T° £ £ 2 20+3c90° e £ 13 T cOM WINIIVH WNIIME S :
|
0843E90° B042ETE° TWeANI*T £ 4§ s T003902° T s |
0003699°  THe39VI°  TRe3gNl’ £ s 0 1043967° T £ ,
~—8823588°  T8e3281° I643982° £ & G —8843008° T0e3823° 1943823 § & £ - — .
0003E99°  084303° 10e3%E* £ £ v 10e383° £ s s il
08032620 T04361° 8eAI* 2 6 5 10+26332° £ &8
0003282 1043821°  Tee3msl’ 2 s s 10+363° g 5 &
2002282° 2 s i °% T042027° T0e3027° 8 5 &
0003262°  884358s° 2 ¢ ¢ 0 T0e3ELT° TBe3ELTS T s s
%5 0843ET6° Teea20k° T w5 ) 0843668 1843622 T £ & — — —
*0 T043901° Tee3eeic T S 4 0 60+3565° T0e36s7° T £ ¢ T cow WINIYN WNOLIE ¥
00436997 00432087 TEe1* £ 2 ¢ ) 0043459 T043Te2° T 2 % ¢
0903690°  08¢3922°  TBeINel’ £ £ v 8 QRITFIY T . ,
0003094 0943UE° T0ejWWR*  §f 2 8003L9%°  0043565° T0e36ST* £ £ ¢ il
ooMmedesar B TMedsa2s £ 18 ABLIESN g0a3469c 182622t £ 5 S - - -
0043282° 000350S° T0edesl* 2 £ & TR £ 1 s
8803282° 0043689°  1843032° z £ s “6 T063695° € T ¢
00e3282° Teease2t 2 1§ b 0843565° 10¢2651° 1 £ 8
Wwe2s2° S Tsedestc  Z T ¢ 03660°  3842632° 1 s s
°9 09+320£° 10+39%° [ °0 T0ease2° L
8 8823802 ¥se3selc 3§ w ey eg3ge3681° T 1 5T 0N JWINAi¥M NO148 S
S003299° 5042406° 8843T6L° 8 Y T S0 00436360 T042303° 1 &
0003E99°  0003TH6®  B0+3TR6° £ s 2 0 0043590 Teeaf2T° T s 2
8843290° 0843LT6° T8e3aN1° § v ¢ 43E00°  8842599°  0002699° £ s 1
0043£99°  0003E9%° T0e3631° £ 8 03 *3099° TE43EIT* T0e2021° £ 5 £
——88432€2° 88+3689° BEe3ge9° 2 6 I —B8e3898° 88.3566° 18e368%*  § £ £
0043202° T043021° Tee3021° 2 s ¢ £ & 3
8893282° 6843685° T8eI6ST° 2 & € 16 3
‘ 8003282° 00+3085° 09s3008° i'® 1 *9 T043023° T0e302T° T s s
8 0842485° BBe3TRL° T.ow 3 °8 8843565° T84368T° 1 £ £
8 0043T86°  00e3T86° s 2 8 00e30es’ e 3 T oM WINIIVM WXIIWE 2
0003E94°  0043091°  0043536° £ 2 1t 0 00432080 T0e3L93° 1Tz s |
$003699°  08¢3E9¢° THedLATT £ £ 2 s s 3943251° T 12 .
0043£99°  0043208°  TeeuI° £ 2 8 LI 0003085° 803N £ £ 1 {
we3cen° se3283* 5 I 2 3090 80+30A6° TBe3es1° £ 5 = [
0843282° 0043085° 0003008 ° 2 5 3 0+3590° 0 1003691° t 5 & !
_BRe3262° MRelS0S° TAeIMSI* 2 £ £ aSedseec g Mmejaek* £ 1 I ,
"we32e2° T003691° P ‘0 0043055 00430 T & |
e32e2° s8e30%° 2 1 13 T8 80035857 30e3eS1° I & 2
k. 0 00030971°  90e38d0° e 8 T903897° T s %
S ARelSee" XRe3s21° 1 £ 2 i 2 LI TYSTTT UNSIS S S S S W U5/ TUTT )T T —
2 A x s ¢ 3 2 A x » 1 EPTY R
$21¥N10¥000 18104 TVOON $300w SUVYNION00D iNIO TWOOM $300M e H

114




T00396T°  0003405° 00e3Te2®

943063 00433865 B8+ 3306+

IR Tee32v1°

%

Yoo gho R

10034810 ee30a1e

103481 e 3s1°

1003821 0043205° B003T6s°

10430210 8043186°  $843186°

100393°  0043695° 1043097°

100396T°  00e3LONC  TeeI8aT°

30430631 80430061 3043433

1003961 ° *9 T0e3322°
10434ST°  0043086° 00430

10034ST°  00+356s° Tae36st®

10e3083° T0e2432°

1043081° T8e3063°

—33439TT° 8843983° - 1843353°

T043821° 0043294° Tee38a1°

THOI2TT ANAILTE  Tee3anyt

T003631° 10439010 T8e3981°

1003021° 1003281° T9e3902°

. 8843834 T8eI%6T°

T0¢3031° IPe3021°

1043E41°  Te3R3"

T0e3632°

TesJ051°

Teedant®

10036TT° 0003005° T0e3901°

Toe3vel®

ee3tv2°

10 3822°

Teeab61

I18¢3032°

TCe36%2°

Tee3sei®

9003590°  0803208° T8e3L9T°

0043699° 004393.° T0s 396 °

TU803021° 0943205 00e3Tes®

104302T° 0033 *3ITRG°

1043821°  0043ET6°  T0e3293°

0eA298°  Tee3c21°

S0edsarr Beisaie

-.cunoo.
398 °

00e30¢°
08+318E°

M8e 3184

1 ‘ x
$31UNI0N00D iIN]0¢ TVOON

POvOrNAN
MNP AN RIMMNENP LIRS MU MmadnN wehmuonme

Pone mmbcwohThh wn

MPmsspsheRnn MMNgsseVBVE Mo ass s

"wa

L Rl W N L

r
S300N

EOMNEMBNEM NHAMPDANDN -

NAWmMan™my

ammninhanaem

Netampanme -

1003023°  0043ET6° T04329T°
ot tc S ot L1 Lok L3 a0
100306T° 00+3593°
3961° 1043021°
1043063 ° T843651°
T0eN63" +3000°
1843021 00+3599°
— 3843033 T43033 1 - 1843023+
T043023° 0043565° T043651°
184302T°  004INEEC 0043099°
T0e36TTe  0043045° T04390T°
19432310 *3 1043181°

S VAeINETA H0e3NREL 484308
10+43967° T043687°
Teednet® Ine2e
ToeIN6T° *0 T0e35T2°
1043023° 0043000°
1003021° 1043651°
- Mt ¢
T0e3933° *0 T0+3091°
BeITINT  TE4ILTS T043902°
08+3E99°  0843024° T0+396T°
1043025 1043021° T0e3021°
S TReITLTBeIL4TY T 4D
T043021° 0043650° T043622°
TO4302T°  0043565° T0+36ST*
00+369%°  TE+382T° T8e3821°
8043690°  T04IELT° TO4364T°
0843C94°  0843650° T8e3622°
88420080 3042666 1343661°

Tee3T82°
18e3.02°
10¢3651°
10¢3622°

10+302%°

1042021 ° 18+3583°
I0439%1° T0e3202°
1043651
T0e+3622°
I8e35%2°
T0+3691°
00438 98° 10e3281°
0943699 t0e+3621°
T0e3021° 00+3599°

$8e302%°
T0¢36S81°
8843888 °
00+3599°
T0e3021°
The+36S51°
ane3008°

2 x
S3LYNIOWO0D INIOd TWOON

¥ PrmmAROENY B amMARRNPMm AP AN, manmsnslfnl\ LN N

S 300m

Ll L RN

Ral ol B Rl I I il L -«nn.-anl‘un

Ll N T L

L R L

R LT T

Ll Nl Nl L B N L W

o MMM aEm e M

T ‘OM TvIW3ivm  MxJI2d 08

T ON J-uﬁuit szu-. L]

T oM quznqt xIUu.n )

T__*0M JwIN3ivm HMJINE § -

3da1 Ll
ANINITI

115




T84ITHZ* B0 +INEE°  The3v02°

- 3843IN2°  8843934° IPed%elt - &

TO4ITN2°  00¢3LE%° TEe3TN2*
T0e3382° °8 Teeup2°
T843212° B0+35a5° The3651°
T043412° 00+43658° T0+43632°
8e3L12° *0 TPe3592°
1843432 *8 1843082°
TB4396T°  00+3965° TeeIve2°
TO43IN6T*  08843034° TA+3%T"
T843ITNZ°  B0+3L0S° B0e3Tes*
1003182°
~-18e3182°
T0+3142°
10e3412°
30e3432° Tee3021°
I8¢ 3051
08+3009°
2843164 °
T0e3961° 00+3T56"
T0e3142° T003091°
T043182° 18¢3821°
T043192° The3vN2”
18e3102°.
T8e3482°
T002LT2° 08+3505° T0+03661°
1043232° *0 Tee3082°
*8 Thed532°
+369T°  Tee3091°
38423961 0843294° 1843831°
*3£T6°  TBe32%1°
T042991° Toe3NNT°
3043%82°
180391 °
18e3821°
BOILET® T04ILLTC TReImyT®
1043167° 0843660 18+3632°
T043L6T°  00436685° T(+36s1°
T0e3021° 43£%6° T8e3av1°
TOSINZT®  T0+43991° T0439%1°
TO43%T°  9+3905° The3v02°
4391 0043824° 18e%eT°
TO4I%T®  §043L99° T0e3T2°
T0e391° 8 Taeun2’
T043461° 00+360¢° T0030a1°
I0e3ET°  20+3664° TReIR32°
T0e3isT” 9 TeeasN2”
043961 ° ‘s ey
18e3611° 0+4399€° T0e3991°
1843821° 88+302;° 18edw@l’
 § A x
$3ILUYNICN00D INI04 TWOOM

%,n

MU anbN

NN AN NN Ne 2MPaE™en

rOCEOPFRre ANFOCOCOOCPCre ~rpooOOCe

L«nnn-‘

1

TS

e OEmeanaen ammnnhanaen

PN aMmann N 04"".\.\-‘"\‘ PN NN WM g

-
-
-

T0¢3961° 0043LE%° T0+3142°
— 1043861 18e3482°
T8+3T92° 0043565° T0+36861°
TO43INZ°  BP+3ES6° T8e3622°
10+31%2° T0e38%2°
T0+3192° 0 10+3082°
T0+3961° 00+3565° 10+3651°
1843861°  0043668° 1043622°
T0+3%61° 10+35%2°
T0+3%61° The30£2°
T063961T° 00¢36T6° T0e3201°
T043%61° 004359%° T0e3£21°
1043182° 0842689° 8843583°
T0+3192° 1T0+43027° T0e+3021°
10+3192° 043666° T8e3661°
T0+3T92° 00+3065° 00+43990°
1343961° 0043699° 0043599°
T0+3%961° T0+3027T° 1T0¢3021°
1003061° 8843666° 1043661°
T04396T° 0843055 ° 0043 o
T0+396T°  Q0¢3%L° T0e3%02°
1043963 ° T8e3222°
T043T92°  Q0430EE°  00e3000°
1843I82° 2843566° I043661°
T8e3T42° 0 T0+3082°
T8e3T92° 0 T0eagt2"
TUIN6T° Q0+ LEL° 00+3089°
TONGT® B043666° T803651°
1043%61° -. 10e308£2°
——— 1043063 °§ I843612°
T843021° T8e3281° I0e3902°
T04302T° 00+392L° T0¢3%7T°
1003963° T0+3021° T8ea021°
T84396T°  TOIELT° TOeILLTC
- -1023%61°  §843668° 1843622°
T0+396T°  00+3565° T043651°
10¢3821° T0e3021° I8e3021°
T043021° T043ELT° The3IflT°
TR¢302T° 00¢3658° 18e3622°
T8+302T° 0043365° T0edesT®
T0+3023° 004348%° T0e31%2°
Be6IT* § 18e3522°
TO4IV6T®  0043565° T0e36S5T°
TA+3963°  88+3659° 10e3622°
The3961* T0e3592°
IDe3eAI" *A I0e3Rg2°
1343027° 00+3565° Thedes1*
T043021° 00+366 19e3622°
19¢3621° Tee3592°
IaeMMII* — ‘L 18e3202°

2 4 1
SMUVNIONO0I INICe TWOOW

i

hnnnrnsunn‘ MEROAENENR CEARSOOPOARN AAARCEPOPRAN AnrrCore

-

s
R e — ——— - — e
g =
£ s
L 4 s
L} £
i £
£ o
T s
3 £ T "OM TVINIivM HXOINE ST
.
i 2
$ 1 ’
s f
£ £
£ 03
s 3
$ £
& & - -
£ 1 T CON TVINILIVN HNIIN@ T
2 t
T2
| S
13 £ - - -
3 1
T 1
1 L
£ &
L] £
~3 - . 3 ‘0N JNIN3i¥M 01218 ST
. s |
g 9 |
s
s 6
£ 8 ———————
£ £ i
s £ |
s S
£ $ {
£ L T *OM vIN3ivM  HXJ18@ 2%
2 8
T v
£ £
i s |
T s
1 £ - SO— -
£ 1
£ 1
3 1]
-k £ 3 ‘OM ININAiuM MNII@ I3 .
r 1 3641 ‘O™
$300m . in3m3

116




T04302T° T0+3281°
9+3921*
10+3981°
*3240°
T043£L2T°

1043041

10e38€50°
4843888 °

43894
043094 °

1043028 °
T003021° 00+3240°
384382%° 8843680
1043021° L
0043EE0°  00+3650°
*3%00°

T0e¢3291°
T0e3T°

003284

.
0843480
0043240

9043594
043694°

I0e43201°
1043941°
18+3981°
88+3d0°
T0e38L7°
10e3047°

0+3900°

°0 T0+3281°
18e3041°

0043484
00+3220°
003694
)
8843688°
00 +349¢9°

T043T82°
T043T02°
T043192°
10¢3192°
1043432°
18e3482°
T8e3482°
18e3482°
104391
18e3%1°

T043947°
10+3287°

1 A
$3.1YNI0N00D IN10¢

1843902°
Tov3%L
Tee3a12°
$0e3382°
1043843 °
T0e3043°
$8¢3982°
1843633 °
18+3902°
T0+43%4T°

T8¢3193°
T0+3382°
38+ 3882°
The3892°
1803632 °
T0e3982°
1843353°
T8e3692°
1843183 °
103302

1843932°
T6e3941°
1043372
1843383 °
T8e3EL1°
T0e3041°
T8e3982°
$043632°
¥0+3902°
38e39.1°

10+43182°
Tee32f82°

T0+3062°
180 32622°
T0e3982°

BCe3TN2
T0+3382°

T8e3291°
TLe3901°
T0e3902°
T8e3%1°
16e 302t
3e3g4l
T0e3632°
104 3651°
The 3291 °
IRe399L°

x
aooN

HeEUNAANNMIMIM MPRITIINRVN OMPITsITRNNN

“e NN NM DM

MhOopococer

-

|

MUARmIMamN 2O MRS

MNEm NN nEmPMPAaANnm NS

wWemmpnmnen

S300m

-

z

$ 0043£9%° T0+439€T° T0e3212°
9 [ aE 30NN A A0 273 aumid s (2 32
¢ T343021° T0e3ILLT* T0e3ELT°
9 T0+3023° T0+302T° j0+39L3°
H T04302T° 00+43%69° T0e39£2°
¢ 1043027° 00+3659° 10+3622°
4 D043E9%°  TO4ILLT® T03IELTC
5 — 8043698 8430470 1943843
S 7043£9%° 00+3%68° T0+39£2°
9 00+3£99° 00+3668° T0+3622°
s 00+3699°  004369%° T0+3002°
3 0043£9%° °C T043842°
+ 3043033 8943668 1843633
9 304302T°  00+3¢ T0e39£2°
s I9e+3021° T0+3282°
I3 Ta+302%° *0 T0e36H2°
é 00+369%° 00+3650° F0+3622°
$ C0+3E9%° 00+3%90° T0e39£2°
6 - 043N 93 1843362°
9 00+389%° *0 T0+3§%2°
s °8 T0+439£T° T0e3232°
9 00e3240° T9e32£2°
¢ 00+3899° TO043£LT* T043£2T°
95 90+3098 38+3043°
s 00+3€9%° *  10e39f£2°
s LO+3E9%° T0e3622°
4 TO43IELT° TIe35sT°
3 T0+3043° 1T0e304T°
S * T8e3952°
L3 - %0 8843669° 10e3622°
1 “0 00+369%° T0e3042°
9 & *0 T0e3002°
é 00+3E9%° DO+IESE T0e3622°
9 COe3E9%° 00+3%06° 10e3952°
6 8003690 *6 10+432363°
¢ 0043599 ‘0 T0e35%2°
¢ *0 00+368 13+3622°
s °J 0043499° 1T0439£2°
s - T0e3262°
9 2 *0 T0+38%2°
£ TO0+396T°  TO326T° 10e3902°
. T3e M6t 043634° T0e3%1T°
3 T0+3192° T0+4302%° T0e3021°
L] TI43T02°  TO043ILLTC TOeIE4T*
£ T0e3192° 043688 T0e+3622°
[ T003382° 80¢3666° 1043061°
H T0+3968° T043021° 10+3021°
£ 10+396T°  T0+36LT° T0e3E4LT°
£ T0e3vet” 0+3€890° T0+3622°
] 10+3961® 00+3865° T0e36SI°

A

x
S3AVNION00D iINIOe WOONM

AN ammmMmeae OO ON MW nn*nmmmunn

A A A I -

Lo

-

HHFEMEANDE PR PNN D S

HHEP N A ENP AN PR LTS

Lol N L L R

f
S300N

PrEAPRARVORrR BRARRAADNOE ARV ANE O~

LUl W L N

-

2 °ON TVI¥3iVM  XII¥e 82

2 *ON WINIIYM  %31we 6

117

2 ‘oM ININIIWN - NIWe- 83

2  ‘ON WI¥N3ILVM niwe

T *OM 1¥INIiwm  MNJIING 9%

ELTY S L
AN 3




Ba ol T ol Wl a LBl b B e oL bl o amanl g b Aa e e

T043T82° T0+32871° TO0e32* 6 . s T0e3IV6T* TO043IGET* T0e3272° d 4 s
T043TN2°  T03921° TOeIWT* 6 s 9 T0+3963° 00e3248° 10+32¢2° d. e
18433I82° 1843981° IQeaZT2° b y 4 T043I82° 1843841 043841 'Y & & - - -
T043T92°  00+43220° T+ 3252° 6 £ 9 T0+3TH2° T0+3681° T0+39.7° 6 8
T0434T2° T0+3£21° TO0e3T* ° $ s TQ+3T82° 0043%80° 10439¢2° 6 £ s
TO+ILT2°  T0+3021° T0e3IWLT® K] S s T0+3T42° 0+43680° T0+3622° [ £ s
19+43432° +3996° Te3382° T & & T3+396T°  T8eILLT* TQeAELT* 4L 8 S
T0e3L2° +3659° Tee3@a2° L] £ S T0e3%63° TE43I0LT® TOe39:T° i S 4
1843%61° 1843281° 18439082° e . ® - 304386%° 0043489° 1043982° & £ 4 ———— e e
TO043IW6T*  T0+33LTI° TOe3IWUT® 3 S 9 T0+3961° 00+3689° I0¢3622° ) £ s 2 °ON TVI¥3LVM I8 %2
TO4ITNZ2®  B0+3L04° TOe3TN2* 6 2 3 T0+396T° 0043694 T0+3992° d < s
18e3182° +3249° 108+3382° 6 £ ? Taeae6T* *0 T0e3802° 4 L] 9
T0+43782° +369%°  T0e30v2° 6 2 4 T0+3T92° 00+3688° T0+3622° ] £ s =}
1843182° *8 I0+3082° 6. 3 9 ~ 1043382°  0043%88° I0+3952° 5= 2 SE————— — =it
T043472° 00436499° T0+3@az* L] € S T0e3T92° *t 10e3262° L] 1 4 s
T0¢ILT2°  B0+3480°  TBe3982° e € ¢ T0eaIN2° *0 10436%2° 6 1 s
10+34%2° ¥0+3352° 1] |3 é T0+396T° 00+43668° T0+3622° 4 £ s
10434%2° T8e3892° L] 1 $ T043096T* 00+43488° 1T0e39£2° d £ 4
J043% T 0043489 TPe3TN2° 1 2 s 1043963 ° *C TDe3262° ¢ A3 4
~3043961° 88+3Z48° 1843382° L £ 9 — %3 3043682° -3 § 2 ON-INJVUIIWM- - AJ1w3 -£3
T0¢3%T° T043381° 18¢3902° d L] $ T043023T° TO+366T° T0e33%2° $ " 'S
T0439T°  1043941° T0e3WT’ 4 s 9 T0+302%° 00+3240° T0e32£2° $ £ 9
T06396T° T0+43981° T8e3IT2° 4 " 4 T0+396T° TEeILLT TOeasLT* 4 n 1
1003961 ° 18+ 3282° d £ 9 TO+396T° TO0+43847° T0¢304T° i $ s i
—0e3481° ' I8e3841° ) B G - I0e39ST°  0043008° 10+39£2° -—£ _d — e i
T0e348T° 4384%7°  I0e3041° 9 S < T0+396T° 00+3668° T0+3622° ¢ £ S i
18¢3283° 843998° TI8e33p2° 9 £ 4 T0¢3823° T0e3£43° T0e384T° $ » s
T843.ST° 80+3699° THe36a2° 9 £ S 1043021° TO0e3 0LV *3047° s s é
T0+382T° T0+328T° 1I8e3902° S L] s 10e3021° 8438 30¢39£2° s £ s
T0e302T°  T0+3941° TeeIWT” s s 3 I043021° 00+3€S0 T0+3622° s £ s 2  CON TVI¥3AWN a1 22
T0e3%1° Tee3T82° s 2 s T+302T° 0043€4%° T0+30%2° $ 4 4
T0e3961° 18¢03382° d & -9 10e3021° *0 T0¢39%2° s 1 9
T0+3461° Toe30%2° i 2 4 TO+3%6T°  00+3€S9° T0e3622° 4 £ s
The3N61° *8 I8¢3@%2° 4 1 9? TR+36T°  08+3488 4 £ '3
IeeST® 632" 9 £ s T043963° é 3 4
18¢3461° 00+43940° I8+3982° L _..E 4 ~10e3961° — "0 38+3%2° . . & — et >
T0e348T° *0 T8+3352° e v 1 T0+302%° 0043659° T0e3622° s £ s
I0e3451° °0 T8e3692° 9 1 $ 1043021 080+3%8 10¢3982° s Y 4
063021 0043284 FRe3TN2° s 2 s Tge3021° 0 T0e3282° e
TAe302T° AR +3248° JA+3382° s £ q Ine3N2F° ‘0 Meige2° S F & 2 COM INIMGANN NJI28 12
2 A X x r 1 2 A x » r 1 3dal 0%
S3LYNI0N00D iN104 TVOOM $300N SILVYNIOQWO0J INIOE TVOOM SIoon i AN3N3T3




-

ELEMENT
~ WOWBER

10

11
12
13

SRR

ELEMENT
B Sla e
1 1
3 1
3 1 1
3 1
1 3
3 3
1 3
3 3 3
1 s
3 L]
1 S
3 3 5
1 7

BOLNDARY CONDITIONS,

TYFE NO(E VALUE

- “OR"FACE i R 5, T S LI e
uz 3 ~e1092€-01
ur 10 wetfotEYEY — - ) o
w 2 =e1992€-01
(174 11 =«1630E~01
uz 9 ~e1638E~01
vz L] =e2106E~01
('} 4 12 ~e2184E-01
ur b 3 0 R B oo e it etk sty s PN
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PRESSURE L) e 1625Ee 04 «1425E+06 «1628€¢ 06 +14625E+00
SLOPE 2 .
SLOFE s 0.
SLOPE 2 Ge ~ -— -
vz 7 ~e3410E-02
uz 18 =e2300€-02
u 6 ~e18L32-02
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Loieab il = " T e 2 » o —

WICON SCOPE Johol2 NN SN 40 WXN R,0 14,27
15.27.20. IN3KPRO FROF Lid
15.27.20.17 O

T 27 20 WNIRP, TIOOT . CHZUTIIT LI Y.

152729 TEMAKLON0S T200 AD NACKETY [ L]}
19.27.30.LINETCL000)
l'u!’c!l.l"m|'(I'.n"lll”.l“lllllg('n!.ll-ﬂ
19.27:9¢

19:43: 20, LOSET (PRESEY=2EROY

19.03. 21, 7EX I8,

16433.12, NON-FATAL ERROR(S) IN OVERLAY GEN.

19, 06,92, svor

19. 04,52, “-... C' ucﬂl's IKW'I” TIne

NI EXTV R
19.00.52.0P 00000992 ms = FILE OUTPULT , OC &0

19.00.53. 48 4S9 € 300008 NAX “S(Dl
19.04,53.CPa 93.0118 SCC- 06,078 ADJ.
19 04.53. 10 9.600 SEC. Sa, 04T ADJ.
19.06,53.CH %18 8 Xws, 95,769 ADJ.

19.06,58.P¢

196,494 S€C, ATE terterry
19.00,53,E) END OF JO®, KP
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L INE

OIRECY LIST OF INPUY DATA
SFINOCYL -~ STAR TO CYLINCRICAL ®ORE TRANSITION (II)

oy

ISOPROPELLANT o2 0o 7F300099,-,01920¢

ISO.CASE.2+3.€67,43

ENO,MATERTALS

I.D!:K-C.h Tels1s Se3e3 SPRIPELLANT NOOFS T N e g

0900040 2,667,000y 2¢2910086,0, ¢88+033,C/

e oD oo bB3y 20086 e00 b€y 20291 408€9o4630 <88+033,.063

1002.030,0292,00 120091390223,0, 38¢2:63040292¢904€3¢ 204 913,42235.063/

2202.37700500,0, 2000933,30112¢00 SC92e3774050000863¢ 320.9530011240463

BLOCK=Cols 1+3¢1s 5¢5+3 SPR(PELLANT NODES

U8, 3T 0y Ze291,.06,0¢ 1073017300y «E65,0665,07

«800033,0063,y 2029100865463, 1.730010730,,6E3¢ 0663+0665,0463

10,2.15002276,0¢ 120075204559, 0y 18020150010 176,5e%63¢ 2C 4075290559, 4637

22009501057 ,0, 200.025,44652,%¢ 3001095014579 e863¢ 32000250045244463

BLOCK-Cole L41+¢3s Se3o7 SPROPELLANT NODES

e9000000630 2.067,0400E3, 206291,408E,0463¢ 00868,033,,663/

Lo T2, Z,6067,0,1.962, 2,29 Bee IV 1,942

0292004630 120091340223904630 1391.3940,0963/

1002.6300029201.962, 2001:603,033,1092¢ 2242377+4580004637

260 09330011200463y 25010790001.363, 3042.377,4580,1.3042/

32:1.09,.33,1.942

BLOCK-Cole 143+3¢ 5¢5¢7 SPROPELLANT NCDES

1e73Co1e73) 404ET, 665,,085,.84637 -
16942y 1e73001:73Ce1.942s «665,.665,1.942

0150018 T6,.463¢ 1200752905%9,06630 18,2.150,1.17641. 902/

200075200559910942¢ 22010958, 10457,0463¢ 26,,0825,0052,0463/

30010958,1.057,14942, 32,0825,00%2,1.962

SLOCK-Cole 1ols7¢ 5¢349 SPRIPELLANT NCOES

2e105,0,1.902, 2406740410542y 20291908601,902, 88,.33,1.9%2/

o405, 20467,0020405, 2029100086420605, 4880033,2: 485

0292010942, 12010403,033,1,9%2, 18,2.430,.292,2. 408/

2001.603003302.405¢ 2292e377+058041.9420 2401489903351.92/

3002.3774.580,2.40%, 32,1.89,033,2.40%5

SLOCK=Coles L1e3¢7s Se5¢9 SPROPELLANT NCDES

089403301.982, 27291,088,1.942, 1.730,1.730,1.,962, ,608%,.685,1.9827

0880033,2.605¢ 2029100862405, 1.73001.730,2.405, 4665¢0 665420405

1002.150,1.176, 14942, 12,07%52,0599,1902, 18,2:15001.176,2.60%/

20007529055902.605¢ 2201095080 10457410962, 206,0825,0452,1, 902/

30010950010 0E7,2460%5, 32,,0825,0452,2,4(5

BLOCK 2y Selels 73,3 SCASE NOOES

2.867,8,08y 24517 ,8¢0s 2.%17,20.58,0, 2:047,20,98,07

2006740904630 205174000063y 245472005600 4E30 20067,2005640463

BLOCK+2¢ S+302s 795+3¢ SCASE NODES

246474200560 00 25170205640y 2.517,05400 2.467,45,0/

2.087,20.560.463¢ 24517020e5600863¢ 2e517005:0063¢ 20047,65,.463

BLOCK42s Se1¢3y 7¢3¢7 SCASE NODES

ZoONT 0,808, 2.517,0,.8€3, 2.917,20.90,c083, 2,487,208 :90,.4637

20606740 010902y 2e517000209420 20517,20056010962, 2404742056, 10942

BLOCK2¢ 54343, 7,5,7 SCASE NOIES

20667 ¢2005600463y 2658792005690 463, 20517 ¢65,0063y 2.6b7,65,.063/

20667 020:56010962¢ 2,517 0200564106 2¢ 2051700510902, 20667,65,109%2

BLOCK 24 Sele79¢ 743+9 SCASE NONES

ZoM8T 1 0,1.902; 21T 001,902, 2.917,20.5€,1.982, 2,087,20:96,1.98427

20066740420405¢ 2651790020405, 20517420:56020405, 20647,2005642.405

BLOCK 29 54347, 74549 SCASE NOIES

20047 020.560109420 2.517 0200565109062, 205170501942y 2,447 45,1.962/

Z-“’.Zﬂo56otoi°§n 2.9!7.20.56' 2,605, 2-5‘7'5!020“50 20047,45,2,405

S9-END ORTD— —

60
61

en

KLOOP &
IL00P,2

“wAnn A
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®e dvurc

€3 BRYCKW, I, To1.1 & PROPELCWNY ELEWENTS -

64 JEND

65 I1en0

66 XEND

67 KLOOP,&
9 XUOPZ

(3] IIICK.!- Selot 8 CASE ELEWMENTS

14 uuo
72 XLOOP&
73 ILO0P,3

76 BC,SLOPE 1,101, § $ 0 OEGREE "ACE
7S BCoSLOPE.1,3.1, 2 $ &5 OEGREE FACE

.
8C,UZe3el0le
BC,UZsSeZete

8CoUZe3obete
BCoUZs3+5e10 @
BC.UZobolode
BC.UTobe30le
00vUZ b e5vee
BCoUZ S elete
BC UZ S e8els
BCoUZeS o301
BCoULZ S o010
BCoUZe5 501
8C,UZetete Y
BC,UZeL 02090
BCeUZele3:9
BCoUZol obe 9
OCoUT ol o5
BCoUZe2010
BCIUEIL 1309
8C,UZe2+54%
BCoUZ301e 9
BC,UZ,3+2:9¢
8CoUTe3 4309
BC,UZe3+8:9
0Ci8 2135 N
BCUZobole 9
BCoUZ48,+3:9
BCoUZ b o549
U251
BCUZ 84249
el vBo3e 9y
BCoUT5 4849,
BCoUL S +5e 9
END, ELEMENTS
SOLVE

#O5%

sLocK
OPTION, 2

Fun oncY

ROOP,2 i
79 BC.SLOPE.S.101, & $ END OF CASE
0 JEND
01 BC,UZoloelelsy
82 BC,UZ.30201,
83 BCoUZotoS0ets
0% B8C,UZ,tobel,
€S BC,UZ1+5e1s

B8CeUZo3e3e10 &

0,-7.305€-2
0,7, 305€-2
0,-7.305€-2
6, =7, 38902
§,-7,.385€-2
-5.538€-2
«S38E -2

Qo=1,066€6-2
0,-1.006€E-2
Qu-t.800E-2

8.0,
Ve=s9TPE=2
0e-1.064E-2
0,-1.636€-2
0e=1.036E-2
.9"0 W36F -2

9,-.528€-2
-1 t65€-2
0.-1.165€E-2
ohTRE-2
Qe=eb30E-2
0e=1.015€-2
Oe-1.015€-2
Sy=ts $15E-2

0:-.362€-2
0,=u3626-2
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sev

130
13
132
133

—-
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Figure 2.  Cubic Grid Generation Block
The eight corner points must be input (1 thru 8).

Points 9 thru 32 not specified are located auto-
matically by linear interpolation between corners.
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Figure 4. Finite Element Model of Star to Cylindrical
Bore Transition (I)
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Figure 5. Finite Element Model of Star to Cylindrical
Bore Transition (II)
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p—0.02184 in. -—‘ll—- 0.00462 in.

0.00163 in.

a) PRESSURE LOADING CONDITION

—=| po——0.01436 in.

b) THERMAL LOADING CONDITION

Figure 6. Grain Transition Interface Displacements
(From Previous Two-Dimensional Analyses)
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CONCLUSIONS

Based upon the analyses reported herein the following conclusions
can be reached:

1)

2)

The TEXGAP-3D code appears to be highly applicable to
the analysis of stresses and strains in regions of
complex geometrics. It is definitely a user oriented
code and would be adaptive as a design tool.

Along with the attributes described above, the code

also appears to be quite efficient from an economic

standpoint, based upon the computer run times of the
analyses reported.
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