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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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«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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