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v 9
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» Max O, Max O, Rivet Tilt | Opening Distant
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(MPa) (MPa) (Degree) (mm)
(W)
vlli“lmﬂTJ 30.6 1553.0 837.2 3.04 0.465
M1o15a lasada 30.6 753.7 363.0 1.76 0.016
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aesalanuaau
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AN
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Max O, -51.5% | -35.5% | -26.1% | -76.1% | -80.6% | -83.4%
Rivet Tilt “A2.1% | -35.5% | -37.5% | -71.9% |-742% |-77.8%
SCF -51.5% | -35.5% | -26.1% | -76.1% | -80.6% | -83.4%
Opening Distant -96.6% -96.0% | -96.2% | -99.4% | -99.4% | -99.5%
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Maxzimum wvalue = B37.2 at node 90
Minimum wvalue = -1749. at node 75
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Mazimum valus = 1553. at node 63
g.051 at node T

HI3 WLLE Minimum walue
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3g3.0 at node 1761
Minimum value = -74%.1 at node 75

Mazimum wvalue

7537 at node 75
Minimum wvalue = 5.51a at node 1233

Mazimum wvalue
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Mazimum value

254.7 at node 1314
-107.4 at node 160

Minimum value
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Mazimum value = 371.0 at node 160
6.793 at node 382

Minimum value
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1037. at node g5
Minimum value = -Z203. at node 75

Maxzimum value
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Mazimum value = 1923, at node 53
B.322 at node z24z1

Minimum wvalue
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Maximum value
Minimum wvalus

L3z.6 at node 95
-1Z17. at node T5
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Mazimum wvalus

1241, at node Th
Minimum wvalus = 11.93 at node 5147
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Maximum wvalue

245.2 at node 5159
Minimum wvalue = -108.1

at node 160
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Maximum wvalue

37z2.4 at node 160
4.274 at node hlal

Minimum wvalue
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Mazimum walue = 1403. at node a0
Minimum value -Z054. at node 1891
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Mazimum walue = 22359. at node 1808
MISES Minimum value = 12.74 at node 777
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704.0 at node 55
-1609. at node 75

Mazimum value
Minimum value
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Mazimum value = 1a5d. at node 75
15.00 at node 2113

MISES | Minimum value
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Mazimum value

244.0 at node 110%
A0 Minimum value = -107.6 at node 160
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Mazimum value 371.4 at node 1a0

Minimum wvalue 4,519 at node f101
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MANHIN N.

TALA Method
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MANHIN U

o v J o (Y] a d a Jd
f3I9813 "l‘V‘Iﬁ Input IR IUMIUAIICHNIIADUNINDY

Y d
1.1 0813 14ld Input nsallumnn

*HEADING,UNSYMM
2723M

ks

** NODE DEFINITIONS

*k

*NODE
1,1.183800600E+01,1.183800600E+01,0.000000000E+00
2,1.183800600E+01,1.183800600E+01,-7.650001050E-01
3,1.183800600E+01,1.183800600E+01,-1.530000210E+00
4,1.126546190E+01,1.251570320E+01,0.000000000E+00

4382,1.869248770E+01,1.389478590E+01,3.829999690E+00
4383,1.890161710E+01,1.458441930E+01,3.829999450E+00
4384,1.897200200E+01,1.530000020E+01,3.829999690E+00
4386,1.809865190E+01,1.342981240E+01,3.829999920E+00
4387,1.840978050E+01,1.401188660E+01,3.829999920E+00
4388,1.860136600E+01,1.464347650E+01,3.829999920E+00
4389,1.866600230E+01,1.530000020E+01,3.830000160E+00

skok
kk
** ELEMENT DEFINITIONS
K3k
*ELEMENT, TYPE=C3D15V , ELSET=RIVETA

1973107 3188 3117 3157 3210 3167 3179 3183 3112 3201 3205 3162 3132 3199 3142
3190 3194 3137

198 3117 3188 3127 3167 3210 3177 3183 3187 3122 3205 3209 3172 3142 3199 3152
3194 3198 3147

199 3211 3221 3215 3233 3243 3237 3212 3216 3213 3234 3238 3235 3222 3232 3226
3223 3227 3224

200 3215 3221 3219 3237 3243 3241 3216 3220 3217 3238 3242 3239 3226 3232 3230
3227 32313228

265 3941 3243 4258 3783 3188 4138 3942 4259 4256 3867 4204 4133 3956 3254 4269
3957 4270 4267
266 4258 3243 4262 4138 3188 4148 4259 4263 4260 4204 4208 4143 4269 3254 4273
42704274 4271
267 4240 3221 4236 4313 3298 4311 4241 4237 4238 4318 4317 4312 4302 3287 4300
4307 4306 4301
268 4236 3221 3911 4311 3298 4010 4237 3912 4234 4317 4017 4310 4300 3287 3995
4306 4002 4299
*ELEMENT, TYPE=C3D27 , ELSET=SHEET1
1 1 3 9 7 31333937 2 6 8 4 32 36 38
34 16 18 24 22 19 5 35 17 21 23 20
2 7 9 15 13 37 39 45 43 8 12 14 10 38 42 44
40 22 24 30 28 27 11 41 23 26 29 25

269 4025 4322 4332 4039 4095 4372 4382 4109 4321 4327 4331 4032 4371 4377 4381
4102 4060 4347 4357 4074 4351 4326 4376 4346 4352 4356 4067
270 4322 4324 4334 4332 4372 4374 4384 4382 4323 4329 4333 4327 4373 4379 4383
4377 4347 4349 4359 4357 4353 4328 4378 4348 4354 4358 4352
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271 4039 4332 4236 3911 4109 4382 4311 4010 4331 4337 4234 4046 4381 4387 4310
4116 4074 4357 4300 3995 4361 4336 4386 4356 4362 4299 4081
272 4332 4334 4240 4236 4382 4384 4313 4311 4333 4339 4238 4337 4383 4389 4312
4387 4357 4359 4302 4300 4363 4338 4388 4358 4364 4301 4362
*ELSET,ELSET=RIVET
RIVETA,RIVETB
st sfe sk sk s sfe sk sk sk sk sk sk sk sk sk sk sk sk ske s sk sk skoskoskoskokok
*NSET,NSET=2Z,GENERATE
1539,1551,3
3088,3092,1
*NSET,NSET=XX,GENERATE
3088,3102,1
*NSET,NSET=YY1
361
*NSET,NSET=YY2,GENERATE
13, 15,1
28, 30,1
43, 45,1
58, 60,1

2653,2664,1
2718,2729,1
2783,2794,1
2867,3097,5
3102,3107,1
3128,3132,1
3153,3157,1
*BOUNDARY
77, 3,3, 0.0
XX, 1,, 0.0
361, 2,, 0.0
362, 2,, 0.0

3088, 2,, 0.0
3093, 2,, 0.0
3098, 2,, 0.0
YY2, 2,, 0.0
sk sk sk sk sk sk sk sk sk sk sk sk sk skosko sk skosk sk skosko sk sk sk sk skosk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skk
*SOLID SECTION,ELSET=SHEET!, MATERIAL=ALUMINUM
*SOLID SECTION,ELSET=SHEET2, MATERIAL=ALUMINUM
*SOLID SECTION,ELSET=RIVET, MATERIAL=ALUMINUM
*MATERIAL, NAME=ALUMINUM
*ELASTIC, TYPE=ISO
7.0000E+4,0.25
*ELSET,ELSET=S1SURF,GENERATE
5,20,1
33,80,1
*ELSET,ELSET=S2SURF,GENERATE
97,176,1
*ELSET,ELSET=RIVSURF1,GENERATE
193,196,1
209,214,1
233,238,1
257,260,1
*ELSET,ELSET=RIVSURF2,GENERATE
205,208, 1
227,232,1
251,256,1
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269,272,1
*ELSET,ELSET=RIVSURF3,GENERATE
199,202, 1

218,223,1

242,247,1

263,266,1
*ELSET,ELSET=SHNSURB1,GENERATE
97,116,1

122,176,6
*ELSET,ELSET=SHNSURB2,GENERATE
98,116,2
*ELSET,ELSET=SHNSURT1,GENERATE
1,4,1

31,32
*ELSET,ELSET=SHNSURT2,GENERATE
5,20,1

*ELSET,ELSET=SHNSURT2
SHNSURT2,38,44,50,56,62,68,74,80
*ELSET,ELSET=SHNSURT3

34
*ELSET,ELSET=SHNSURT4,GENERATE
6,20,2

*ELSET,ELSET=DIFF,GENERATE
21,32,1

*ELSET,ELSET=DIFF

DIFF,1,2,3,4

st sfe sk o o ok sk sk ok ok sk skosk sk sk sk ske sk sk sk skoskoskoskok

**CONTACT BETWEEN SHEETS

st sfe sk she sfe she sk ske sk ske sk st sk sk sk sk sk ste skeoskeskeskeoskoskosk

*SURFACE DEFINITION,NAME=SIFACE
SISURF,S1

DIFF,S4

*SURFACE DEFINITION,NAME=S2FACE
S2SURF,S2

*CONTACT PAIR,INTERACTION=GRATING,SMALL SLIDING,ADJUST=.001
S2FACE,SIFACE

*SURFACE INTERACTION,NAME=GRATING
*FRICTION

0.2

st sfe she sfe she she sk ske sk ske s sk sk sk sk sk ste st sk she sfe sk ske sk ske sk sk sk sk sk sk sk sk steoskeoskeoskoskoskoskok

***CONTACT BETWEEN RIVET AND SHANK
st sfe sk sfe sk sfe sk sk sk sk s sk sk sk sk sk sk she sk sk sk sk sk sk sk sk sk sk sk sk ke ske sk sk skoskoskoskoskoskok
*SURFACE DEFINITION,NAME=RIVFACE1
RIVSURF1,S1

*SURFACE DEFINITION,NAME=RIVFACE2
RIVSURF2,S1

*SURFACE DEFINITION,NAME=RIVFACE3
RIVSURF3,S5

*SURFACE DEFINITION,NAME=RIVFACE
RIVSURF1,S1

RIVSURF2,S1

RIVSURF3,S5

*SURFACE DEFINITION,NAME=SHNFACTI
SHNSURT1,S6

SHNSURT?2,S2

*SURFACE DEFINITION,NAME=SHNFACT2
SHNSURT3,S2

SHNSURT4,S4

*SURFACE DEFINITION,NAME=SHANFATA
SHNSURTI,S6
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SHNSURT2,S2

*SURFACE DEFINITION,NAME=SHANFATB
SHNSURTS3,S2

SHNSURT4,54

*SURFACE DEFINITION,NAME=SHNFACBI
SHNSURBI,S1

*SURFACE DEFINITION,NAME=SHNFACB2
SHNSURB2,S4

*SURFACE DEFINITION,NAME=SHANFABD
SHNSURBI,S1

*SURFACE DEFINITION,NAME=SHANFABE
SHNSURB2,S4

*CONTACT PAIR,INTERACTION=GRATING,SMALL SLIDING,ADJUST=.001
SHANFATA,RIVFACE

*CONTACT PAIR,INTERACTION=GRATING,SMALL SLIDING,ADJUST=.001
SHANFATB,RIVFACE

*CONTACT PAIR,INTERACTION=GRATING,SMALL SLIDING,ADJUST=.001
SHANFABD,RIVFACE

*CONTACT PAIR,INTERACTION=GRATING,SMALL SLIDING,ADJUST=.001
SHANFABE,RIVFACE

sk sk sk sk sk sk sk sk sk sk sk sl ske sk sk sk sk sk sk sk sk sk sk sk sk sk ske sk ske sk sk sk sk sk sk sk sk sk sk sk sk sk sk ske sk sk sk sk sk skok
#*WAVEFRONT MINIMIZATION,NODES,METHOD=2
#%£1522,3076

sk sk sk sk sk skosk sk skosk sk sk sk skosk ks sk sk ks sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skk
*STEP,INC=100,NLGEOM

*STATIC

0.00005,1.0,0.000001,0.2

*CONTROLS, PARAMETERS= TIME INCREMENTATION
srasnr 2,

*DLOAD,OP=MOD

95,P2,-120

96,P2,-120

*CONTACT PRINT

CFN,CFS,CAREA

CMN,CMS

CFT,CMT

XN,XS,XT

*CONTACT PRINT

*PRINT,CONTACT=YES

*EL PRINT,FREQUENCY=100

*NODE PRINT,FREQUENCY=100

*EL FILE, FREQUENCY=100

S

SINV

E

COORD

*NODE FILE,FREQUENCY=100

U

*RESTART,WRITE,FREQUENCY=250

*END STEP
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Y d
2.2 fMeehd1a Input p58INMNI

*HEADING,UNSYMM
2723M

ks

** NODE DEFINITIONS

K3k

*NODE
1,1.183800600E+01,1.183800600E+01,0.000000000E-+00
2,1.183800600E+01,1.183800600E+01,-7.650001050E-01
3,1.183800600E+01,1.183800600E+01,-1.530000210E+00
4,1.126546190E+01,1.251570320E+01,0.000000000E-+00
5,1.126546100E+01,1.251570320E+01,-7.650001050E-01

4386,1.809865190E+01,1.342981240E+01,3.829999920E+00
4387,1.840978050E+01,1.401188660E+01,3.829999920E+00
4388,1.860136600E+01,1.464347650E+01,3.829999920E+00
4389,1.866600230E+01,1.530000020E+01,3.830000160E+00

sk
3k
** ELEMENT DEFINITIONS
Ak
*ELEMENT, TYPE=C3D15V , ELSET-RIVETA

197 3107 3188 3117 3157 3210 3167 3179 3183 3112 3201 3205 3162 3132 3199 3142
3190 3194 3137

198 3117 3188 3127 3167 3210 3177 3183 3187 3122 3205 3209 3172 3142 3199 3152
3194 3198 3147

199 3211 3221 3215 3233 3243 3237 3212 3216 3213 3234 3238 3235 3222 3232 3226
3223 3227 3224

267 4240 3221 4236 4313 3298 4311 4241 4237 4238 4318 4317 4312 4302 3287 4300
4307 4306 4301

268 4236 3221 3911 4311 3298 4010 4237 3912 4234 4317 4017 4310 4300 3287 3995
4306 4002 4299
*ELEMENT, TYPE=C3D27 , ELSET=SHEET1

1 1 3 9 7 31333937 2 6 8 4 32 36 38

34 16 18 24 22 19 5 35 17 21 23 20

2 7 9 15 13 37 39 45 43 8 12 14 10 38 42 44

40 22 24 30 28 27 11 41 23 26 29 25

3 31 33 39 37 61 63 69 67 32 36 38 34 62 66 68

64 46 48 54 52 49 35 65 47 51 53 50

95 1507 1509 1515 1513 1537 1539 1545 1543 1508 1512 1514 1510 1538 1542 1544
1540 1522 1524 1530 1528 1526 1511 1541 1523 1527 1529 1525

96 1513 1515 1521 1519 1543 1545 1551 1549 1514 1518 1520 1516 1544 1548 1550
1546 1528 1530 1536 1534 1532 1517 1547 1529 1533 1535 1531
*ELEMENT, TYPE=C3D27,ELSET=SHEET2

97 1552 1554 1564 1562 1602 1604 1614 1612 1553 1559 1563 1561 1603 1609 1613
1611 1577 1579 1589 1587 1585 1560 1610 1578 1584 1588 1586

98 1554 1556 1566 1564 1604 1606 1616 1614 1555 1557 1565 1559 1605 1607 1615
1609 1579 1581 1591 1589 1583 1558 1608 1580 1582 1590 1584

2714039 4332 4236 3911 4109 4382 4311 4010 4331 4337 4234 4046 4381 4387 4310
4116 4074 4357 4300 3995 4361 4336 4386 4356 4362 4299 4081

272 4332 4334 4240 4236 4382 4384 4313 4311 4333 4339 4238 4337 4383 4389 4312
4387 4357 4359 4302 4300 4363 4338 4388 4358 4364 4301 4362
*ELSET,ELSET=RIVET
RIVETA,RIVETB

st sk sk sk sfe sfe sk sk sk sk sk skosk sk sk sk sk sk ske sk sk sk skoskoskoskokok
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*BOUNDARY
77, 3,3, 0.0
XX, 1,, 0.0
YY11, 2,, 0.0
YY12, 2,, 0.0
YY21, 2,, 0.0
YY22, 2,, 0.0
RIV, 2,, 0.0
sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk sk sk ske sk sk sk sk sk sk skosk sk sk sk sk sk sk sk sk sk sk sk sk sk skk
*SOLID SECTION,ELSET=SHEET!, MATERIAL=ALUMINUM
*SOLID SECTION,ELSET=SHEET2, MATERIAL=ALUMINUM
*SOLID SECTION,ELSET=RIVET, MATERIAL=ALUMINUM
*MATERIAL, NAME=ALUMINUM
*ELASTIC, TYPE=ISO
7.0000E+4,0.25

st st sk sk e s s s s s ok ot sk sk sk e s s s stk ok sk sk sk s s sk s stk sk sk sk sk sk sk skt ok ok ok sk sk sk sk sk ok ok
st st sk sk e s s s s s ok ok sk sk s s s s s stk ok sk sk sk s s sk s stk sk sk sk sk sk sk sk sk ok ok ok sk sk ok sk sk ok ok
st stk sk s e s s s st ok ok ok sk sk s s s s st ot ok st sk sk s s s s stk ok sk sk sk sk sk sk sk stk ok skl sk sk sk sk ok ok
** ORIENTATION

st st sl sk s e s s s s st st sl s s ke s s s sttt sl sl sk sk s s s s st st st s sk sk s sk s sttt stk ko sk ko
*ORIENTATION,NAME=XY501

1,0,0,0,1,0

*ORIENTATION,NAME=XY502

1,0,0,0,1,0

*ORIENTATION,NAME=XY503

1,0,0,0,1,0

*ORIENTATION,NAME=XY504

1,0,0,0,1,0

*ORIENTATION,NAME=XY834
-1,0,0,0,1,0
*ORIENTATION,NAME=XY835
-1,0,0,0,1,0
*ORIENTATION,NAME=XY836
-1,0,0,0,1,0

st sfe sk s s sfe sk sk sk sk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk st sk sk sk sk sk sk skoskoskoskokoskokokokokok sk
st sk s sk o ok sk sk sk sk ok sk sk sk sk sk sk st sk sk sk s sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk skoskoskokoskok

*********LIST 1

**SPRING ELEMENT, Thickness,0.08
**SHEAR SPRINGS,DATA POINTS,37

sk sk sk st ske sk sk sk sk sk ske sk sk ske sk sk ske sk sk sk sk st ske sk sk sk sk sk sk sk ske sk sk steoske sk skeoskoske skeskosk skoskok
**SPRING NO#,FIRST NODE,SECOND NODE,AREA (mm*2),
*%1,1102,2783,1.3501875,
*ELEMENT,TYPE=SPRING2,ELSET=SPR11
100011,1102,2783
*ELEMENT,TYPE=SPRING2,ELSET=SPR12
100012,1102,2783
*ELEMENT,TYPE=SPRING2,ELSET=SPR13
100013,1102,2783
*SPRING,ELSET=SPR11,NONLINEAR

1,1

-47.256563,-0.08

-45.906375,-0.04

-45.096263,-0.00944

-44.556188,-0.00888

-43.206,-0.00808

-41.855813,-0.00744

-40.505625,-0.00688

-37.80525,-0.00624

-35.104875,-0.0056
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-32.4045,-0.00504
-29.704125,-0.00448
-22.953188,-0.00328
-20.252813,-0.0028
-17.552438,-0.0024
-14.852063,-0.002
-12.151688,-0.0016
9.451313,-0.0012
-6.750938,-0.0008
0,0
6.750938,0.0008
9.451313,0.0012
12.151688,0.0016
14.852063,0.002
17.552438,0.0024
20.252813,0.0028
22.953188,0.00328
29.704125,0.00448
32.4045,0.00504
35.104875,0.0056
37.80525,0.00624
40.505625,0.00688
41.855813,0.00744
43.206,0.00808
44.556188,0.00888
45.096263,0.00944
45.906375,0.04
47.256563,0.08

*SPRING,ELSET=SPR12,NONLINEAR

2,2
-47.256563,-0.08
-45.906375,-0.04
-45.096263,-0.00944
-44.556188,-0.00888
-43.206,-0.00808
-41.855813,-0.00744
-40.505625,-0.00688
-37.80525,-0.00624
-35.104875,-0.0056
-32.4045,-0.00504
-29.704125,-0.00448
-22.953188,-0.00328
-20.252813,-0.0028
-17.552438,-0.0024
-14.852063,-0.002
-12.151688,-0.0016
-9.451313,-0.0012
-6.750938,-0.0008
0,0

6.750938,0.0008
9.451313,0.0012
12.151688,0.0016
14.852063,0.002
17.552438,0.0024
20.252813,0.0028
22.953188,0.00328
29.704125,0.00448
32.4045,0.00504
35.104875,0.0056
37.80525,0.00624
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40.505625,0.00688
41.855813,0.00744
43.206,0.00808
44.556188,0.00888
45.096263,0.00944
45.906375,0.04
47.256563,0.08
*SPRING,ELSET=SPR13,NONLINEAR
33

-1350.1875,-0.08
-270.0375,-0.0616
-229.531875,-0.056
-209.279063,-0.0528
-195.777188,-0.0504
-182.275313,-0.048
-168.773438,-0.044
-162.0225,-0.0408
-155.271563,-0.0368
-148.520625,-0.032
-141.769688,-0.0264
-135.01875,-0.02
-128.267813,-0.0152
-114.765938,-0.012
-101.264063,-0.0096
-81.01125,-0.0072
-47.256563,-0.004
-27.00375,-0.0024
0,0

6.750938,0.0008
9.451313,0.0012
12.151688,0.0016
14.852063,0.002
17.552438,0.0024
20.252813,0.0028
22.953188,0.00328
29.704125,0.00448
32.4045,0.00504
35.104875,0.0056
37.80525,0.00624
40.505625,0.00688
41.855813,0.00744
43.206,0.00808
44.556188,0.00888
45.096263,0.00944

st sfe sk she sfe she sk ske sk ske s sk sk sk sk sk sk st sfe she sfe sk sk ske sk sie sk s sk sk sk sk sk st sk sk sk skeosk sk skoskoskokokosk sk kosk sk

*WAVEFRONT MINIMIZATION,NODES,METHOD=2
*%1522,3076

st stk sk s e s s s st ok ok sk sk sk s s s s st ot ok sk sk sk s s s sk s st ok ok sk sk sk sk sk sk sk stk stk s sk sk sk ok ok
*STEP,INC=100,NLGEOM

*STATIC

0.00005,1.0,0.000001,0.2

*CONTROLS, PARAMETERS= TIME INCREMENTATION
19999:24,

*DLOAD,OP=MOD

95,P2,-120.0

96,P2,-120.0

*EL PRINT,FREQUENCY=5

*NODE PRINT,FREQUENCY=5

*EL FILE, FREQUENCY=5
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S

SINV

E

COORD

*NODE FILE,FREQUENCY=5

U
*RESTART,WRITE,FREQUENCY=5
*END STEP
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