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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
f i n i t e  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 pi lot  e f f o r t  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  t ime the code was released . Previous successful  employment of
the TEXGAP—2D computer code (developed by the same research group) by
personnel of the Propuls ion Mechanics Funct ion primari ly led to the
decis ion to expend the e f f o r t  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 requir ing a number of minor modifications to
the obtained version of the code, a check—out procedure was begun . The
check—out of ti c code involved running 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.

I I .  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
reg ion , as shown in Figure 1. Two slightly different star geometries
are considered , as shown on Section A2 in Figure 1 and labeled It 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 450 segment of the grain cross—section in the analysis.

3
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III. 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 TEXCAP—3D user ’s manual (Reference 2).

A. Grid Generation

The three—dimensional f in i te  element grid system for
the transition region was generated using a BLOCK command (Reference 2)
to c rea te  a three—dimensional block reg ion , such as that shown in
Figu re 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 accura tely def ine  a region may be generate

B. Element Generation

The th ree—dimensional isoparametric 20 node brick element
shown in Figure 3 was used in this analysis. As many bricks as are
desi red may be generated to f i l l  the previously developed block(s).
These elements are generated by a BRICK or BRICKH command (Reference 2 ) .
The BRICKN 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 V

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 wil l  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 , s t ra ins  and disp lacements at different points In
an element. Some of these command s will be demons tra ted when each of the
separate analyses is presented .

4
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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 

5.5
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MODEL I

The f i n i t e  element model I is shown in Figure 4. It was analyzed
for both pressure and thermal loading. The TEXCAP—3D computer input
and output is shown on the following pages.

Pressure Loading — Firing at —S3~c (—65°F)

Propellant Case

E = 1.11 x lO7Pa E = 2.07 x 1010 Pa
p (19,000 psi) c

v = 0.499 v = 0.3p c

pressure 1425 psi (9.83 x lO 5Pa)
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 lO 5Pa E = 2.07 x 1O 0Pa
p (700 psi) c (3 x 10 psi) -1

v = 0.499 v = 0.3
p C

= 0.00089 in /in / ° F

T~ = 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
compu ta tions , without any repositioning of element
nodal points;

2) pressure loading with two sequential rezoning
computations , wit h repositioning of some boundary
element nodal points;

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

6
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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 (UK) . The second analysis, with rezoning and reposi—
tioning near the star end of the transition, yielded a maximum strain
of 0.0594 in element 339. The third analysis, with rezoning near the
cy lindrical bore end , yielded a maximum strain of 0.200 in element 333.

The following results consist of the full computer output for the
first inalysis (for element orientation purposes, in the interest of
the reader), and abbreviated output fot the second and third analyses.
The fi:~ t anal ysis is contained on pages 8 thru 94, the second on pages
95 thrt~ 102, and the third on pages 103 thru 108.

4
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2 ~ 2 . 69 9 3 0 .00  . 6 9 4 3 7 *0 6  . 23396 .01  1 3 3 . l SVl f . l (  . i8?16 •0 1  .86336.50
3 1 1 .05340.21 0. 0. 3 1 2 .18941*01 0. .?3156+II
3 1 3 .10540.71 •. .463C6•O0 3 2 1 .16901+01 .03601.06 0.

2 .16711 .21 .33232 ’O( .231~~~.0C 3 2 3 .168666.01 .3273(400 .86301.60
3 ‘ 1 .066016(1 .66267.06 0. 3 3 2 .15651+01 .68611+10 .231916.10
3 ‘ I • 15170 .11 .62921.01 .48301.00 3 4 1 .18330.11 .95731+t11 C.
3 8 2 . 12 0 7 0 . 1 1  .9!0. 1 -1 *’8 . 2 3 t ’ C 0 0 0  3 4 3 .0 3 fl’Il .00225*70 .86508.65
3 • 1 .11901 .70 .11i0~’C1 0.  3 5 2 .11471+0 1 .11871071 .63191460
3 • 0 .10771.1 1 .12771*71 .4,3(0 .00 4 1 I .30701+51 0. 0.
o I .20771.01 0. .23150* 00 4 1 3 .207 (1051 0. .4(30 1+00
4 1 .2(741*61 .41241*06 0. 4 2 2 .20300*01 .41981.00 .23191+05
• 2 ‘ .20366.01 .41 34 +0( . 4 ( 3 7 0 * 0 0  8 3 1 .19661+01 .514116.10 6.
4 • .19391.01 .03 091*00 .231’€.I0 8 1 3 .1l49€*Ij .166611.00 .86315.00
N I. I .17591,($ .1173*6.01 0. 4 8 7 .11231*01 .11510+11 .2319(6.50
8 4 .16691.01 .11*51*01 .46731*00 4 5 . 6491•,1 .086870 ( 0 7.
4 3 .14240,2 1 .1421.1’T1 .231 1’l~ s s 5 .13661*01 .1366.1+11 .8*331*00
S 1 1 .24471.61 0. 0. 5 0 2 .78171+00 6. .131 56.05

4 1 I .24871.1 1 0. .4830(6.07 S 2 1 .24571’OI .46601+35 0.
0 2 .!43?(.6I .4TlS~*06 .23171*60 5 2 S .08571•I1 .41606.01 .48316.01

S I .2332( .Ci .9’.S75~ 0C 3. 5 3 2 .2332(6.01 .36570+30 .23131+60
¶ 5 3 0 .23321*01 .98972.01 .413016.00 S 8 1 .71050+01 .0392(6.1 0 0 .

3 6 2 .20051*6* .13926.01 .231’C+0I 5 4 3 .20651601 .13921.01 .86311.01
O 6 1 .123 (1*01 .17300.01 3. 3 5 2 .1736(•I1 .t73* 6’’I .231566.11
9 S 0 .11301.11 .t ’001*C1 .86311+01
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60*00(865 *00 NCr! ILOC K GI46 OI T !ON

0* IS • .1II(.lt 
- 

G O 20 • .111f’Il
dl 30 • .1091+01 dl 86 • .1001+0 1
dl SI • .1091.50 60 *6 • .1091001
dl 71 • .5091.00 00 5) • .1161*11 - —

GO II • .1111+0 1 60106 • .1601*01
6( 1 15 • .111(401 0*02* • .1016+1*

NESS GE~~(0IT ION 010CK C IN CAITISIAT COOIOINITE 3,30611
*Q C N I J (  1 1 3 1 0 0 3 6  5 5  7

(.0000* C 0 9 0 6 0 1 6 N  cc000 1NO T ES CF •~~~575 GENERATCO

I J K 1 0 0 0 .1 K I 7 7
1 1 0 .940 0 5 * 0 0  0. .863 01 *00 1 1 8 .1311(411 0. .55856.00
1 1 5 . I 5 4 3 1~~l 0  I. . 1 2 0 3 1 + 6 0  1 1 6 .11141+11 0. .1K5Ir •S 1
1 1 7 .2 1456 *51 0. .118266 11 j  2 3 .521111111 .163116.06 .8135216.11
o 7 • 1131 1*4 1 .21 340.07 .04691*50 0 2 5 .14032451 .74366+30 • 17036401
1 2 6 . 16111*01 .214 10+0 0  .153 61 *01 1 2 7 .1631(6.01 .11846400 .158226.11
1 3 0 .66??(•00 .35950+02 .46300*00 1 3 4 .99471.10 .35201.00 .64351.11
o 0 ‘ . 1 0 6 2 8 + 0 0  .3446 7.10 .1203 1*61 1 3 8 .13691411 .01716401 .16911.01
I I 7 .1456(6.1 0 . 32 9 7 5 + 0 0  . 0 5 8 2 0 + 0 1  0 8 3 .76111+10 .52286.50 .8130(6.11
1 8 ~ .00125.00 •4$$9 *07 .130*16.11 I 4 5 .553766.05 .43561.35 •t715V•I1
1 4 6 •3 6966•00 .3 11197 . 0 0  .1917(411 1 4 7 .10036.0 1 .85641+61 .1542(451
1 9 3 .66308*00 .66900+01 .8630(400 1 5 4 .91506615 .49101*11 .632111.11

~ 6 .605(0.00 •6S!I37+00 . 12 03 ( 4 0 1  1 5 6 .6 8516+00 .86501 *06 .19121401
1 0 7 . 665 01 *06  .65507*11 . 19 4 2~ .I1 2 1 3 .13 17 (401 0. .86311.lU
2 I 4 .10137+00 0. .6459(6.00 2 1 0 .1756(401 0. .0211(411
2 1 6 .20611401 5. .13561+01 2 1 7 •2fl32~~I 1 5. 155216.11
2 7 3 .13091.0 0 .2595~~+D0 . 4630 1 .00  2 2 8 .1851(41 1 .20191400 .04452.00
2 2 3 .18566.0 1  . 3029 ’ .60  .1613 1+0 1 2 2 6 .1056(401 .52491.01 .19111.11
2 7 7 . 2 0 1 2 5. 0 0  .3 4690. 00 . 1 5 42 7 + 0 0  2 3 3 .12346411 .51101+10 .84516.11
2 3 8 .1310f*~~I .53045+00 .04090.00 0 3 0 . 18346401  .86911.11 •16136•lI
2 3 + .15020.00 . 8 7 6 T ~ ,0t .10666+01 2 3 7 .1641(401 .46391.06 .15826+0 1
2 0 .11001•C1 .73567*11( .40310.00 2 8 s .11211551 .557,r•ee .03611+51
2 4 . 1 0 6 ( 0 , 0 0  .65 ’aE .OO . 12 7 3 1 *0 1  2 8 6 .11981+01 •1l52f+~ 3 .15861.51
2 4 7 . 12 * 10 * 11  . 96 4 0 0 + 0 0  .1982140 1 2 5 3 .93125’00 .13161.00 .86356.11
2 5 6. .91371 *56 .9 1 37 0 *0 0 .6377 1.00  2 3 5 .6983 1450 .5943(439 .02031.01
2 5 6 .0 7231 .06  . l ’ 2 3~ + 0 t .1572 1+0 1  2 5 7 .0871(450 .58110*00 .19826.01
3 1 0 .15810*00 0. .4*310*05 3 1 4 .1028 (401 0. .04356,11
3 0 9 .19531•C1 0. .12031+01 3 1 8 .215566.51 5. .15611.01
3 * 7 .22962+23 6. .19421.61 3 2 3 .16691+01 .33600*00 .86301.00
3 2 4 .1767(*C 0 .5498~*5( .6409t*00 3 2 0 .19160*0* . 56346.11 .111*411
3 2 6. .20491*0 1 .07730 +01 .16641+31 3 2 7 .71331+01 .33181.59 .158216.01
3 3 3 .16061*01 .66!6~ *0( . 4 63 1( 4 0 5  3 5 8 .0646(401 .43206+00 .63026.00
3 3 5 . 1709 1*6 1 .6.8331*01 . 1 2 0 3 1 + 0 1  3 3 6 .179*06.01 .62701400 .13641.11
3 3 0 .10480*01 .61i6~+00 .1587(45* 3 4 3 .143366.01 .591311•lI .443111.01
3 8 4 .1435(*C I .92137+00 .60391*00 3 4 3 .14470+01 .8016040 1 .62131.01
3 I. 6 .14570°0I •017t~’l( .15696*01 3 8 7 .14536.01 . 16602435 .1942(401
3 0 3 . 10911 .03  .11960.0*  .463C (+S (  3 0 4 .16786401 .11141401 .$3221.II
3 9 . 1 1 8 7 6 4 0 1  •1141 1+01 . 10030 . 0 1  3 5 6 .11151+01 .11131410 .10261.01
3 7 . 1 0 7 7 0 *0 1  .10’76.01 .13421+01 4 1 3 .20701*11 0. .86306400
N 1 8 .2136(45 1 0. .03032*00 8 j 5 .22216+11 0. .63652.6*
4 1 6 .2368(403 0. .16671+01 8 1 7 .03 72 6+51  0. .19421411
8 2 3 .21731*0 1 .4t24~ 400 .8830(460 8 2 8 .0161(061 .81501410 .53452.55
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ME SH G (NEISTION 3401k—C IN C *0 T E I T 6 N  COO IOIsO T E SYST OIS I
O S O N O J I  1 0 3 T O I J S  0 5

1.4006*. 1010506N CC0001N6TIS 0’ POI NTS G~N750T1O

1 1 1 0 5 0 0 .1 K 0 7 1
4 2 3 .21025*01 .4293~ .l0 .12031+01 6 2 • .22411+01 .83191.00 .15866401
8 2 7 . 2 3 0 0 0 6 0 0  .8)635.50 . 19822.01 4 3 3 .19860401 .0181(4)0  .85310411
4 3 8 .19060 * 1 1 . 03 0 1 1 + 0 6  . 03 9 5 1 +0 0  4 3 5 .20 101411 .13096+0 0 .12156+11
4 3 6 .255 0 1 .01  .76925.00 .15490.1* 8 1 7 .20730.01  .77782.00 .13801111
4 4 3 .11556.00 .11.?5~ ,11 .86306 .00  4 4 8 .17501.0* .1133140 0 .03421400
4 4 .111,46+00 .1121’401 .10131•Ot 4 8 6 .175 86.51 .10101.01 .1,111.51
4 6. 7 .19111*01 .13625+01 .19420.51 4 5 3 .14881+11 .14641411 .46311411
4 1 4 .1448*410 .18467*01 .03270+00 8 0 5 .18246.01 .i4247+31 .121*411
4 S 6 .13961.11 .13507*01 .1 725*01 4 5 7 .13681.01 .13*61471 .*9421•51
S 1 3 .24470.01 0. .463(1+00 0 1 4 .24471401 0. .13061411

* .24471.01 0. .10031.01 5 1 6 .04470401 0. .15791411
9 0 .0447*46 1 0. . 1982 1+00 9 2 3 .25370.13 .40011.00 .81311,Il
5 2 4 .28570.01 .6000’.OC .63271.00 5 2 5 .280 71.01 .40091+00 .1211(411
5 2 4 .24571 .0 0 .40067.71 .13 726 *0 1 ~ 2 7 .28071411 .40060 + 5 5  .61471.11
5 3 0 .23320*11 .9 6977+01  .46 30 1.00 5 3 4 .23326+ 00 .99171+ 0 .03201+00
5 3 .23320.11 .96970402 .12730 .01 5 3 6 .2332 1*01 .96371.11 .15121.01
5 3 1 .23321.00 .9667~.V( • 13421*31 8 3 .20051+01 .13921. 1 .8 (331600
5 4 4 .20050.01 .11920+01 .03207.00 5 4 5 .20091.01 .03927.31 .12131.1*

6. 1, .2(086.1* .10921 *01 .19120*31 5 6 7 .2000140* .13320*20 .19421.61
5 5 3 . 1 7 3 0 0 . 7 *  . 1 0 1 U * 0 0  . 4 1 3 * 0 .00 5 3 6 .17300*01 .17301011 .03200.55
5 5 0 .17301.01 .07331*61 .17031+01 5 3 6 .17301.01 .17351.1* .15121.01
5 5 1 • 12301.0 * • *7 001.00 • 19420•01

1360 10111$ 0011 6476! 31015 0247060108

(.0 1) • .1066+01 66 25 • .1001*01
GO 3* . . 100(401 II 4) • .1*06.01
Cl 55 • .1001.01 GO 65 • .1*00*0*
(.0 7* • .‘000•10 6* +6 • .1*00 +0 1
6* 9) . . 1000.01 6*10) • .1600401
(.011) • .1 000*11 6(02) • .1000*0*

6~~S~ (.6111061100* 36OCK C 16 C*600SI*N C000014601 551116 1
~w0~ 1 1 0 1 I 0 10 I J s 5 5 9

*40644 C*991S16N C00001N*fl5 0’ P3INTS (.0850*100

I I K 6 V 7 3 3 5 0 7 7
& I 7 . 2 *4 9 7 . 0 *  0. • 10422.01 1 1 6 .21450+01 0. .61741401
1 1 9 .21451•11 0. .24 061 .01 1 2 7 .106 61*01 .30486+00 .19426400
1 2 6 . 1 0 6 0 0.03  .32441 *01 . 2 174 0 * 3 1  1 2 11 .10000411 .30440*00 .18001401
O ‘ 7 .14561.0 1 .3657 1.06 .19421*56 1 3 0 .04061•11 .StS O(•05 .01741+01
O ‘ 3 .14560 *01 .3297 1.00 .28057.01 1 4 7 .100516.01 . 35540 *07 .15421+01
1 ~. 0 .10092.11 •3364~ ’0C .21741.01 * 4 9 .10050.01 .30681+00 .28031.01
O 7 .48501*11 .64901*06 .19420*01 1 3 0 .91006+00 .660 01+0* .21780.11
1 5 9 .68511*00 .64305.00 .24250.01 2 1 7 .22211+0* 0. .1942(•01
2 1 11 .22217.01 6. .2174(601 2 1 9 .22211.01 0. .78056400 8

2 2 7 .20286•01 .35340*00 .19421*01 2 2 0 .61206.01 .04696410 .21781401
2 2 5 .20 13 1*0 1 .3.891.00 .24 090 .0 1  2 3 7 .16751401 .41076.420 .19400.51
2 3 6 .14626+21 .4’167*01 .21741*01 2 3 9 .1640(401 .4636(400 .28050401
2 6. 7 .127*.’*01 .61535•0t .19821*31 2 8 0 .12470401 .50031407 .2178(401
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*1311 6105000Il)w 040C0—C ZN CAPTESIA ’S C 0010I N*TE $550111 I
-

64066*. 18172311W C00001NATES 0’ POINTS 61466*110

I J 1 2 1 2 1 3 K I V 7
2 4 9 .02111+01 .0541’,19 .24551.11 2 0 7 .93122.00 .9312(400 .19422+01
2 5 9 .61832+01 .05830*01 .21180*01 2 3 9 .6871(465 .18111401 .28051+9 1
3 1 7 .22161.00 I. .19821.01 3 1 I .22962.0* 0. .2)746.01
3 1 9 .22562+01 0. .26091+01 3 2 7 .01692.01 .096*24*0 . 19622401
3 7 0 .21626.01 .35840405 .01741*01 3 2 9 .2 1552.01 .39182•II  .2803240*
3 3 7 .159*1.01 .54770+91 .19*22*51 3 3 3 - .13731.11 .331503*3 .717%t6.11
3 3 9 .1 .0841 *0* .6116’ . I C  .08001+0 1  3 8 7 .13430+ 01 .6 743 2+0 0  .19622+11
3 8 6 .11072 +0 1 •63’?’.lt •2174(+ 11 3 4 ~ .16031+0 *  .70111480 .IS ISO4 SI
3 0 7 .1 1900.9 1 . 1 0 5 0 5 . 0 1  .19821*01 3 3 I .11471.01 .11871+11 .01781401
3 6 5 .11771.50 .16771,01 .78051+0 * 8 * 7 .23726+51 0. .19621401
I. 0 8 .23721*01 0. .21780*01 8 1 9 .23720401 0. .28051.01
8 2 1 .23131+0* .84270+92 .19821+51 8 2 6 .23001+01 .5*002+30 .21150+01
4 2 9 .23001.0* .43555*0* .26050+01 8 3 7 .21132401 .5061(41 0 . 158211+11
8 0 0 .26971.03 .7989’+0C .21781+01 8 3 9 .20731+01 .71741.30 .24052+01
4. 4 7 .00150.00 .11337*01 .19421.0* 4 8 6 .170504(1 .111416.0 1 .21781401
4. I. 9 .1 7811.1* .00621.0 1 .28031+61  8 0 7 .18641+51 .1454(40 1 .15422+01
4 6 .14266*00 .18246.01 .21741+01 8 5 9 .13681401 .1366(6.3 1 •25IS1•I1

0 t .214711.00 I. .19420+11 0 0 6 .26*11.01 0. .2*7*2451
5 0 9 .28610+00 0. . 2 4 6 5 1 * 0 1  9 2 1 .08071 +0 1  .6006(41 3 .156224*1
5 2 I .28076.01 .86005.01 .21780*01 5 2 9 .24571+01 .415126.00 .08052.01
5 1 1 .23320.00 .96971.00 .19820001 5 3 6 .2332(401 .98371.50 .2118(401
+ 3 9 .23321 *0 1 .96372 *06 .24051.01 5 8 7 .0005140 1 .1350140* .19421.0 *
~ 8 0 .20040.01 .13927.01 .20781•91 8 9 .20651.01 .13922+3* .91032+01
0 1 .37397.01 .0700’.O* .19822+01 * 3 6 .17300.01 .17301451 .2*181+01
5 • ‘1 .10360+01 .I’)05401 .28056+01

(.060105173 +011 MOOT BLOCK 6(4(001130

Ci *5 • .1001*00 Cl 2$ • .1 000,01
0* 31 • .1091.01 06 85 • .1502451
G O SI • .1000.11 60 5) • .1001+51
66 7’ • .100 (6 . 01  Cl  6) • .1660401
Cl 95 • .1007.01 G i l l S  • . 1060 .00
Gi ll) • .0 001.01 6 * 12 )  • .1011.11

MIT)) 6(11(101 10W StOCK IN C74187$1C*L 000001111Sf 575175 2

~R C N I J K  5 1 1 5 0 1 2 0  7 3 3

6406*1 677100310*1 6(0001+40091 00 POINT S 0711155000

1 2 0 5 1W~T4 7 3 3 K P tHETA 1
3 1 0 .28*11.01 S. 0. 3 1 2 .18871.51 1. .23111.55
O 3 .24470,01 5. .46330*00 0 2 1 .28470+01 .11231*02 0.
9 2 2 .28471.0 1 .11251+02 .23131*00 3 2 3 .086.71+01 .1t23E4~ 2 .56301400
O 3 1 .26876+11 .22550*02 0. 3 3 2 .286.72.61 .22300+32 .13101*00
5 3 3 .28871.01 .22505402 .85301*00 5 4, I .086.71+01 . 33751,02 0.
0 ~ 2 .24471 .0 1 .30795*52 .23151400 5 6. 3 .25571.1* .037304*2 .86351+00
5 9 * +2*471.01 .4910 •12 0. 9 0 7 .744711.11 .556511.52 .31191.55
S 3 3 .28471+01 .85505.02 .88301*00 6 1 1 .28*22,01 •. I.
6 1 2 .24021.01 0. .21111.04 6 0 3 .2862640* 0. .66312+11
6 2 I . 2 8 0 2 1 + 8 0  .11295.02  0. 6 7 2 .24*2( 411 .11710+12 .61111+11
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ISIS)) 6(11166010W BLOC K IN CYL1NOIICAO. 000001I+OTE 3150($ 8
P 3 1 W I J I  ~ 1 1 1 0 1 3 1  1 3 7 - -

6106*1 3711$001664 000001N*T15 0’ 001111$ G(N(P *TE O

1 3 5 0 VH5 00 1 I 3 K P 71022* 11
6 2 0 .24026.6* .11230402 .6.630(400 6 3 1 .24121.11 .2250(6.02 0.
5 3 2 .28001401 .23505402 .23 151+00 6 3 3 .24621+01 .22501+52 .45301+00
6 I. 0 . 2 4 5 2 6 + 6 1  .36196402 I. 6 4 2 .2402100 1 .33752 +02 .63131.00
6 6 3 .28*22.0 1 .30730+ 02 .46301460 6 5 1 •24521+l1 .45512.02 5.
6 5 2 .24022.1* .80005402 .231554)9 6 5 3 .2552(6.01 .4500201 2 .46301.11
7 1 1 .25171.01 5. 0. 7 1 2 .23177101 0.
1 1 3 .23171 *0 1 7.  .4.0306.00 7 2 1 .2511240 1 .11232+32 0.
1 2 2 .25101*01 .0*255402 .23151.00 7 2 3 .29171.01 .112521(2 .86330+10
7 3 1 .25 17045 1 .2 2 9 0(4 62  0.  7 3 2 .25176*01 .22511472 .2310(400
7 3 3 .25171*01 .22505.02 .44300*00 7 4 1 .25171411 .33751+32 8.
7 6. 2 .2517(•I* .33155.02 .23*51.00 7 4 3 .2517(401 .33150432 .4*35(450
7 0 .25116.01 .4500~*O2 0. 1 5 2 .79i77*11 .45*58.22 .61151.115
7 5 3 .25*70.61 .45005.02 .46311+00

MO SM 614(91110)) ILOC K II. C54104)15C11 000*9214070 SYSTEW 2
090N I I K  5 1 1 1 0 1 4 0  7 5 1

6408*1 25*70 51*)) CC050IN *T(3 0’ P~0O N T 5  G 1 M O R 0 T E O

I 3 0 x 7 2 I I IC 7 0 2
5 1 1 .24476.01 0. 0. 5 1 2 .24401.01 0. .03131+60
5 1 3 .246.71*01 0. .46301.10 5 2 1 .28606+01 .8174(400 9.
* 2 2 .240(1*01 .6.7’6.5*0C .22t~ E+ 00 5 2 3 .24601.01 .41146480 .46301.60
3 3 1 .2961€~ S* .33645*00 0. 5 3 0 .17*111+51 .53642450 .23101.00
5 3 7 .2261E.~~1 .9364.1.00 .46300*00 5 4 1 .20351+01 .i359E431 0.

4 2 .20357*00 .t3S9~~01 .23tSE~ 00 5 8 3 .70351+01 .13592401 .86316+90
S 1 . 1 7 3 6 1 + 0 1  • 17 105 .01 3. 5 5 2 .17351 *01 .1730143 1 .23 130+55

+ 9 0 .17300.01 .1(305*01 .46300.00 6 1 & .24620401 0. 0. - -

6 1 2 .24020.1* 0. .23131*00 6 1 3 .28022.01 0. .6.635(400
6 2 1 .24381.00 .49425*00 0. 6 2 2 .74348+01 .804211*70 .03*38.00
8 2 3 .243,0.21 •6.56.2~ *1C .,C350*02 6 3 1 .22932+01 .94900423 1’.
6 3 .2 2 5 3 0 . 1 1  .5—591*50 .23150*0 0 6 3 3 .2293 1+0 1 .34900+75 .46350+01
6 I. I .20640 ~~t l  .13 152.11 0. 6 8 2 .20686.0 1 .137904) 1 .23 101406
6 4 3 .206.7.71 .13’90+71 .b63C~ *0O 6 9 1 .07550+01 .11551*rt 7.
1 5 2 .67351+01 .17+50*71 .23130+07 6 5 3 .17331401 .01556+61 .6*361+90
7 0 1 .2517741 1 0. 0. 7 1 2 .25171+61 0. .13158+10
1 1 3 .25171*12 0. .41300*00 7 2 1 .28690+0 1 .49 102+23  0. 2
7 2 2 .24690*1 1 .45105*01 .23150*00 7 2 3 .24656*01 .491 01*70 .8630 0400
7 3 0 .23256.0 1 .063 25 *00 0. 7 3 2 . 2325 0+ 50  . 56 3 2 ( 4 3 5  .2315 1+05
7 3 3 .23201.01 . 4 0 3 2 0 + 0 0  .4 6 3 ( 0+ 0 0  F 4 1 .20 93 040 1  .13901401 0.
1 6 2 .20930*01 .13980+01 .23150400 7 4 3 .21930.51 . 13 9 0 2 *2 1  .46391+00
7 5 0 .17501+01 .17005,01 0. 7 5 2 .17600*0* .17601.01 .231511+06
7 5 5 .1700 1.61 .17*06+6 1 .46306*00
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60*010W TS ‘01 11(03 StOCK 900.1089206 
— _____________ - -

ci ii • .110(511 G O 2)  • .1101*11
60 3) • .1100.01 Cl *5 • .151141 1
(I  5) • .1 511.01 61 6) • .1002411
0* 11 S .1107 51 GO II • 11I01.tT
6* 9) • .1118+1 1 60*0)  • .160140*
6*0 1) • .1112+11 6(120 • .1101.01

405)) 6011(15710W 01.000 IN CYL 1WOI!C*L CO0W01N*TC 3Y57oN 2
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UL104 OPT ION

MIII NIl NON MAX

41 — .11011.21 .10011421 1 0 
—

~ — .10100.21 .ia0I ’sfl  J

0 — .10001.21 .10001+2 1 K I S

PRI NT LE VEL • 04

STRESS POINTS FOR URICKO0’EGENO ELEMENTS

PO INT SI SE S3

1 —1 .00 0 —1.0 00 — 1.  000
~ t .-e*e - i4100 —1 .000
3 1.000 1.000 —1.510
s — 1.5*0 1.000 —1.011
* — 1 . 0 0 5  1.100 1.000
* t~ l0S — 1.0 05 1.100
7 1.000 1.000 1.000
• —(.40* — 1.4*4 1.000
*5 0.000 0.000 1.050

STRESS PC INTS PCI P5151 ELEMENTS

POINT St SE 53 51.

1 t.000 0.000 0.OCO —1 .000
2 04000 i.101 0.000 —1.000
3 0.000 0.000 1.000 .1.000
41 1.5410 5.000 0 .050 1.000
5 0.000 1.100 0.000 1.000

* 0.0*0 4.440 1.100 1.0* 0
7 .333 .333 .333 0.000

STRESS POINTS FOR 41(001 ELEMENTS

PO INT SI SE TI

1 .050 0.555 —1.150
2 t.a000 0 .050 —1 .0 50
3 1.001 1.000 —1 .0 50
4 •151 0.510 1.500
5 1.000 0.000 1.000
‘S 1.404 1.400 0.0*,
7 .067 .SCO 5.050

STRESS POINTS ‘CR T ETR A ELEMENTS

POINT 51 32 53 541

1 1.005 0.000 3.005 0.000
2 0.000 1.000 0.000 0.000
3 0.000 0.000 1.000 0.001

04 0.000 0.001 0.300 1.000
-- — 0’ - — -.244---- .440 -.440- ----.-20*----—- --——---————
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1713

~~4J~ 
I 
.1382,51 .947515091

POINT.CL1NP, 15.0 SLOPI TYPE SC.
TY PE ‘4002 VALUE

* 0 .48851—62
2 - - .36i6~~u. 

- - I I~_ — - - -

3 2 - .99193—12
I S .62516—I !
2 3 .1 3 402 —0 2
3 3 —.36138—10
1 7 .87111—Il
0 7 .596516—I3
3 7 — .73631—52
1 6 .554976—52
2 6 —.15973—IS
3 6 - .720*9—02
1 10 .63511 —S O
2 II .665 31—03
3 15 —.973.3—12
I is .385513—52
2 15 .11711—02
3 13 — .14851-SO
* IS .46371—02
2 II . 3 4 1 5 3 8 — 5 3
3 IS .IIST1-12
1 *4 .53 541— 02
2 *6 — .12343—09
3 *4 .530*8—It
1 1 .95 3 9 3 — 8 2
0 I — .10823—Il
3 1 — .10311—SI
1 S .59561—02
2 5 — .2135 1—lI
3 5 — .1 *7 11— 11
1 9 . 76 73 2 — 0 2
2 9 - .69401—59
3 9 — .1246 1—8 1
I 11 .~ 0106—C2
2 1? — .18131—OS
3 17 — .92258—li
1 13 .73175—82
2 13 — .14341—86
3 1) — .13531—01
I 4 .9279 1—1 2
2 4 .21371—02
3 55 — .14111—Il
1 12 .95.15.3—12
2 12 .11 06 3— 02
3 12 — .25153—1*
I 11 .74791— 02
2 11 .16 153— 12
3 Ii — .10276—SI

71543 6*10 317.SENT — 4
54003 I .6 K *-C000D Y-C03061 2-C0000 55006 I J K 0—60080 0-COORO 1—COOSO

* 3 I 5 .15115( 1 5. .5491505 1* 5 3 3 .1622*2 1 .3152+80 .9432501
2 0 1 5 .1323+2 1 0. •S44E.O~ 12 3 2 3 .1512+01 .15551+00 .9417+00
O 6 3 5 .1711+81 .3802400 .85.13.00 13 3 1 6 .1414*41 4. • 1030461
55 3 3 5 .1861401 .2810+00 .05.51400 15. 3 1 3 .19024-li 8. • 15375551
3 3 1 7 .1773+1 1 3. .1202,1* 15 3 S .1152+11 .3371*08 .1I2’.Sl
8 5 1 7 .t49E~ t1 1. .1262+01 16 3 3 6 .1552+0 1 .29i8+00 .10374-SI

5 3 7 .1921+01 .3631+03 .1206.01 17 55 1 7 .14101+11 3. .1207+01
• 3 8 7 • *4146,7 * .SS2~ .I9 • 120*5-4+ 64 3- - -I 41 I • 1923 -*8 -•-tI*f’41
9 55 1 51 .1677*03 0. .05.12+00 19 I. 3 1 .1792+1 1 .3323*50 .12 174-It
10 1 2 3 .1023+01 .l81~,St .5621.50 20 3 2 7 .1731+1 1 .1632*15 .120r. t l
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410181 .11W. 819 *1Y2 ’TYII W. ~I - -

00413 8002 VALUE
1 2 .5555 971—Cl
2 2 — .11371—SI
3 2 -.72111—U
I 7~~~~~~~~~~ 7Ur-*0 ~~~~~~ _I _ - - ___~~~_

2 3 .19456—13
3 3 .73431- I2
1 7 .35998—52
2 7 7*1St 93 ~~~~~~~~ 

___~ I - - -—

3 7 — .3463 1—52
1 6 .38811—SO
2 4 .29101— 53
3 6 .3S141— I 2
I II .86173 S2
2 - 19 - I~3~27f_93 I— I I - - - — —
3 15 — . llSSI— S2
i *5 .52342.12
2 15 .11151—I S
O 15 — .637?1 S2
1 IS .36191—SO
2 IS .21292—OS
3 II — .91226—0 2
1 18 .31111-52
2 18 — . 73598—IS
3 18 —.61511—12
I I .39863—82
O 1 .?l53*5lI
3 1 — .11713—01
I S .s2181542
2 5 ..3 153 I9
3 5 — .77000—32
1 4 .55183—52
2 9 -.15152-SI
3 9 .92233 S2
1 1? .37178*42
2 17 — .26223—89
3 17 — .6155 1—St
1 13 .41233542
0 15 — .11911—IS
3 *3 —-.97961—82
* I .4630-5 I2
2 S •il133 I2
S I — .19231-02
1 19 .431S6 12
2 19 .113*2*41 - -—

S 19 — .71373—52
1 20 .44783—12
2 20 .16720—OS
3 21 — .02141—Il

7 114€ 6100 1L254254? — 7 I

54001 1 .6 5 3-6000 0 7-603* 0 7-C O OlS O 55002 I .6 K 0—63050 7-C0000 t-C0000
3 3 3 .13*1-Il .24S~+31 .4*31+55 II 55 9 3 .1402*01 .0171-IS .4431.03

2 3 3 .1692+1 1 • 3361,01 .8633+00 12 3 8 3 .1252*01 .306140 1 .4637*11
3 5 5 3 .1653.01 .4633.03 .8631+00 13 3 3 4 .13S3+0 1 .2711.11 .6377+55
4 3 5 3 .1231+01 .9115+06 .4636.00 149 3 3 4 .1733 *01 .343 34-01  .6542+08
9 3 8 3 .146841(51 .2015.82 .1452.01 15 3 5 4 .1413944+ - .413~f4135 .3172+11
55 5 3 5 .1791.0 1 .3S0~ *5t .0812+00 16 3 3 4 .1272.61 .5S61+0S .4547.11

51 51 5 .1633.11 .642~.00 .1363*01 1? 55 3 3 .1622*51 .3133+05 .S836+SS
5 3 5 51 .1323+01 .5055+00 .85512+00 II 5 8 5 .1 732+01  .5571+00 .S5512.0S
9 55 3 3 .1551.51 .2931.60 .4632.85 19 55 5 8 .35503+31 .5753+15 .0847+05

1(5 (5 4 I I 9 • 1462.11 - .3015+1 * .441 5541(5(5 52 I 3I~_ II~41~ - -, . 15.0 !~t 1- 
- - - .3962*1-5 • 1490,85

POINT.CLIIIP.*ND SLOP3 TY PI  IC.
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2 2 .13402—SO
3 2 — .36131—52
* 3 .62498 1—02
2 3 .27471—12
3 3~ 

- .W5541* 5( —

1 1 .33203— li
O 7 .21551—I!
3 1 — .12461—I l
1 6 .81611—12 -—

~~~~~~~~~~~~~~~~~~~~
— 

2 6 .53431-IS
S S —.73438—02
2 10 .42 653—5 2
0 II .25491—SO
3 II — .96171—It
* 15 .30369—81 - - -  - - — — -  —

2 15 .28373—02
3 13 — .19711—12
1 15 .55193— 02
2 15 .15273—02
3 15 — .7 7 130—02
* *4 .344116—li — . - -

2 18 .15 771—02
3 *4 —.685588—52
1 5. .59731—32
2 8 .39111—It
3 5. ‘~.151I1-01
I I .71511—li
2 6 .36421—32
3 I — .13 03 6— I l
* Ii .73 15 1—02
2 11 .31112—12
3 II  — .12410—Il
* *6 ~74t48—Sl2 16 .37312—02
3 16 — .14111—SI
I 19 .61173—02
2 19 .24716—32
3 19 .15781—01
1 6 .91791—52
2 1 .21372—52
3 I — .19116—Il
1 1! .91333—02
O 12 .35931—52
3 12 — .15 S83— 01
I 9 .78791—42 -

2 9 .16191—02
3 9 — .12276—Il

71141 6000 6131415.? — I
5.001 I .6 4 I-C00R0 7-60050 2-COORO 54003 I .6 K 0—10050 7-600*0 2—60000

0 5 3 3 .144(5511 .0915488 • 843*51(5 11 4 5-- -5-- .641-1-1-i .5733*49 • 0852+5(5
2 5 3 5 .1793+0 1 .1833+81 .5811*00 12 3 8 5 .149324 -01 .3981+00 . 5833*11
3 5 5 3 .1633.51 .6523+80 .8302*51 13 3 3 6 .1532+01 .2916+05 .1136*01

55 3 3 51 .1321+31 .5002+00 .8411+00 18 5 3 6 .1553*01 .3573+05 .1022+01
51 1 3 7 .1661+01 .3022+00 .1202*51 13 5 5 4 .14S1+551 .6453+59 . 152 1+81
6 5 3 7 .1923.31 .3633+03 .1201*01 16 3 5 6 .1372+01 .4952+ 00 .1022+51

5 3 7 .6706,81 .6423+11 •1251’4+ 17- 4 3- 7 .1742+11 .3302*45 .10*1+46
3 5 7 .1831+01 .4191+50 .1202+01 II 5 4 7 .1032+01 .5131*01 .1007.01

9 • 3 5 .1623.01 .3 153+08 .843 1+00 19 8 5 7 .13724 -0 1 .5443.01 . IO SF4II
10 5 8 9 .1731+31 .5 0724-03  . l 5 . C E + 0 1  20 3 8 7 .1161.11 .4102.30 .1203 ’01

41-0-7M .C1600, 1140 34 41€—7*41E 11-. - —--—— —-——--— -~~~~~ _______

~~~

- - - -- - - --
TY P E  5000 VALUE

1 2 .557111-SO
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• & .._as—._

1 .13218—li
2 +12111—Si
3 —.52845—92
1 7 .47631—liII~~~__ I 7

- 1 3 7 — .61718—Il

~ 
S .31951—It

2 4 .79311—13
5-~~~  — ...6,1—lg —-

I II .51142—12
2 iS .i1271—I i
3 II — .77138—52
1 13 .43951—Il
2 13 •23 S11—12

—3- —-—1, — - — .13442—52
~ Il .82763— 52
2 15 .13335—85
3 Il — .61543—12
I 14 .80391—52
2 18 .55102—I S
3 - 

0* 
- — — .S1,.l—Ic

1 4 .71511—52
- - 2 4 .365506—Il

3 55 — .13131—Il
I I .415538—S i

• 2 5 .33398—li
S -~~~~~ O
I II  .61*11—It
2 11 .26790—5?
3 II — .11781—Il
1 II .43111—5?
2 14 .37111—St
3 IS - 

~~.11.7c—I.
* *3 .33 67 1—I !
O 19 .25958*40
S 19 — .59598—22
1 5 .81118—SO
2 5 .11131—Il
S I .I13 8—It
1 25 •34 401—02
2 25 .0S378—SO
5 29 — .52531— 1-0
1 17 .43111—Si
2 17 .11311-SO

- 3 23 —.71578—Il

TIME 155 SOZON2 • 1.251 SOCONDS

T OME IN FOIMIF • 3.490 5010909

1111€ -1* 41*2750*1 — — .31-4

TOT AL NUNSFI 0 0.0.’.S • Oil

0.0.7. IN 710547 • 110

MI0 !MU$55-*85001 *000*41- - —  (5164

TOTAL NICKNaME 100*063 • 228

SUFFER LENGTH • 10833

71 113 III ‘ORWA RO ELIMI55 AT IO * .  • 7.523
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~~0Ck 0771014

- I - - 
5.000405 

- - I

PIN 14*5 141 14 14*0

8 — .10112+21 .13113+21 1 0 0

5 — .10113+21 .10 102+2 * .6 5 5

V — .10551.21 .10100.21 K V S

PRINT LEVEL • 4

STRESS POINTS ‘OS SIICKIO2GENI (UNISYS

P01547 51 52 53

1 - 1 . 5 65  — 1 . I S O  —1.000
7 1.525 •*.SII -1.438
3 1 .505  1.000 —1.005
55 -1.151 l . SOS —1.111
9 ~~~~~~~ —1 .150 1.110
o 1.111 —1 .555 1.021
7 1.151 1.800 1.001
I —1.851 1.5(58 t ICS
5 1.101 5.55 0 1.031

STRESS P011413 7011 PRISM ELEMENTS

POINT SI 52 93 SS.

1 1.110 8.080 0.585 —1.030
2 1 .555  1.000 0.155 —1.150
5 0.000 5.53 0  1.005 —1.000
8 11802 1.480 1.131 1.S0S
5 0.114 1.300 0. I (S 1.510
S 1.511 5.555 1.580 1.803
7 .333 .333 .333 0.080

STRESS P O IN Y S  70* 0008 0 E L E M E N T S

P01557 SI 52 53

I .230 1.001 —1.121
0 1.566 1.111 — 1 . 5 2 1
3 1.515 1.0.5 —1.005
4 .151 1.015 1.505
3 1. 005 0 . 0 0 0  1.0 15
6 1.111 1.111 1.555
7 .6*7 .5100 3 . 5 8 0

STRESS POINTS •~ 01700 ELEMENTS

POINT SI 52 53 S8

1 1.055 0.5 00  1.531 0.580
0 S I l l 1.55,  9. 111 0 .555
3 0.0(0 1.005 1.005 1.158
55 1.101 4.511 ‘.S(5 *. S8S
5 .1-55 .144 . 535 .244
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MODEL II

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

19,000 psi E — 3 x 10’ psi

V — 0.499 v — 0.3p 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)

Pro pellant Case

E = 700 psi = 3 x 10~ psi
= 0.499 v = 0.3p C

cx 0.000089 in/in/°F
p

1 = 140°F
Correspond ing 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 sequ.ntial rezoning
computations, without any repositioning of
element nodal points.
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The f irst analysis, with rezoning near the cylindrical bore end
of the transition (see Figure 5), yielded a maximum strain of 0.0260
in element 113 (U K). The second analysis, with rezoning near the
cylindr ical 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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Figure 2. Cubic Grid Generation Block

The eight corner points must e input (1 thru 8).
Points 9 thru 32 not specified are located auto-
mat ically by lin.ar interpolation between corners.
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I 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 (U)
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Figure 6. Grain Transition Interface Displacements
(From Prev~oue Two—Dimensional Analyses)
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CONCLUSJONS

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

1) 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.

2) 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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