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h) 0.33 B 14 mm
1% 4>+71 4L SAE4130 H1 7 mm
E3 20386 kgt/mm?2 IS 6 mm
S 2597 | mm
Ry
JANS C1 C2 C3 Cc4 Cs5 Cé6 )
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1.set element type -

ApAlBE P A ¥ Y 3DFM A G 3 @ fsolidd5 ~ solid95 ~ solid185 ~ solid186 %
~EP o FRE R RGE &R F 2 Y eSS solid95 vt solid4s m‘izﬁ(]“} % ik
At 2R B P solid186 R {4F ~ LV o ariE o F ARG P 4ET k2
M FTREE RN LS FTant i BT solidl86 kit Y o
<KEYOPT(2)> Element technology : Uniform reduced integration (default)
<KEYOPT(6)> Element formulation : Use pure displacement formulation (default)

Tpm L R EP > 2 4L E P OURIZEG AFat B R TV Y A2b@pds
SIS P SRS T e ?k—fsﬁl'l“i&\ Pt e H R LE -

"

2.set material props. :

A FRM A TP R 2 f<Material Props>—><Materia1 Models>" % %
<structure>—<linear>—<elastic>%F# » »38 1 24 * 45 & & 7075-T6 4 F » w#-H 4p b 54k
F F4eT

AL7075-T6(MKYS)

E v oy p
7.12E+10| 0.33| 4.27E+08| 2798

3.set model :
#-solidworks % @l 47 ¢ parasolid B4 % » ANSYS #4258 d 05 » 2 {5 & A &2 2 8
L B e T8 R 38~ <modeling>iE (T FRE NS E¥ 1 2 :}ﬂ A

4.set mesh -
ALY AR E LT IEROTERE ) UREFAEFEAME S TGS 73
Ao 5 EflERaims o B ims N 152 28 R BEADRTE S BEE £ 5

o

ANSTE 10.0
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NUMBER| NDIV| "™ | ™) NumBer| nprv| | e

15 2 s )
34 8 12 16 30 o] 15 [ 20
35 8 12 16 | 18 | 2
36 8 12 16 2| 18 | 24
37 8 12 16 2| 18 | 24
4 0] 15 20 T 2| 18 | 24
5 0| s 20 12 2| 18 | 24
6 0| s 20 2 2| 18 | 24
7 0| 15 20 23 2| 18 | 24
8 10 15 20 38 12 18 24
9 10 15 20 39 12 18 24
Is 0] 15 20 40 | 18 | 24
19 0] 15 20 41 2| 18 | 2
26 10 15 20

o BhiE & {8 075 N de T B AT L

MAT HUM

Refine 1.0

Full Refine 2.0

Refine 1.5

Part Refine 2.0

§ RN BmA R RE AT R TR R R AN A AT o
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4 % & ANSYS # 4 i3

I%\' i«]?: l'+ l’

S5

VR ) 0 ] A B AR
gwﬁvm.ri-;mé&__\;, ,'\34 g4%§§},.+ ER v 'g‘iﬁ i Wi A4 4 %4 ﬂg&,m:r—}-ﬂ/ s e e
A E G 0 A E R AR AR

&4 Pl

B3R 4k bR e

P EEES

:&;F{;L;—)EJ ;‘)\:}./\

LET R %611/36’
PO 2 gl

) A2

6.solve :

\F""J

A4 ;)mﬁ;]

wh & | hE (T 4

LT R AT

ﬁ;}f@l R A A Fpt A arE 4

B+ P2

&4 Pl

‘f']lliliﬁg?ﬁ XR A A58 g AR

Bt e 0 @ o
R R SR 84T A TR

-ﬁi] m)i*i:‘ ,l[ﬁﬁu’l |;"}§,4 ’%Tl ’1;3}7;_}.5@ Ay \" 90kgf/cm ]35 ;}-!—4 : r":"%fl arﬂﬁb )

FERH R R EN > & e T0kgfom® 5 i R 0E SR 20 X F]

B 4

A=A2+A18=4.4048x10"

24T TARM %

™

p2=L
A

F=5.178x10° (N)

5.178x10°
4.4048x10™

P1=6.86x10° (N/m?)

(m”)

- ‘4E]:"\',hl1‘l’('\‘/EiIF'L@m,m}E¥
BR TR AP SN E 4T

=1.176x10" (N/m?)

%’\F\ /u]_,l"} ?ﬁjﬂ.,?}fﬁ‘

B R ARR A e e RS A BT e 2 2 AR AR T bl g 0 T

Refine 1.0 SEQV USUM |Refine 1.5 SEQV USUM | Refine 2 | SEQV USuM
Bcief# | 1.49E+08 | 2.06E-04 | # & f% |1.54E+08|2.07E-04 | #iEf# |1.53E+08|2.07E-04
wELE N/O N/O EE4 3.36% 0.49% EE4 -0.65% 0.00%

S REART M HHI RS N A
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Z fo dcd # 5
1.55E+08 1 2.07E-04
1.54E+08 2.07E-04
1.53E+08 2.07E-04
1.52E+08 2.07E-04
1.51E+08 2.06E-04
1.50E+08 2.06E-04

— SEQV
1.49E+08 2.06E-04
— USum
1.48E+08 2.06E-04
1 1.5 2
Refine

dBk Y ¥l frefine2 hpFiF A E ¢ SR B0 @ f@" it 0.65%
moantReg It e SRSy fERR 5 d 3t refine 2 &2 reflne 1.b2-EehiEdp £ 7 3% >
@38 A refine 1.5z B> refine 20 F|pt e F2EMMB L $7PF3 * refine 1.5 e

T A refine 13 E Nihgd o AT B E RGELS TR

HODAL SOLUTION

ANETE 10.0 NODAL E0LUTION ANETE 10.0
STEP=1 STEP=1
BUB =1 BUE =1
SEQV TAVE) usum (AW
DI =_207E-03 REYE=0
| — _— | B —— |
.BZEE+07 . 2EEE+08 . 700E+08 .103E+03 . 137E+09 o .4E0E-04 .SZ0E-04 .132E-02 .124E-03
Von Mises Stress Displacement vector sum
e [l 1 Al =3 5
B b % ke AApd St Benw SRR ALY AT WY T F I
A .4 N\ e <r A 2p 2L 2 9 o3 [N R RN
S PAR R o) K%"F e m ikt b kI A E & RIS ﬁ!ﬁli_ls'sz‘l_’é@q} G o~

ETTS

LR Ry SRR S ALLER X E LR R v Sy T
1.54E8ﬁ“$tfﬁlf’i?“§ﬂﬁfrg‘)§i 4.69E8 4 £ Hif > X QikF 3 B ehF 2R 0 F B R 0E 2 R
AR 5 AL R R A -

-14-



2 LA I
L.set element type @ # * & S G4 o 47 PF - Rk Lo
Optons for 20LID186, Element Twpe Ref. Hao. 1

Element technalazyr K2 |REI111J.EEI11 integr ﬂ
Element formulation Eg |P1.1.1'e displacermmt ﬂ
2.set material props. : # * BKIN 323 et 443k %0 & GUI &7k 24T @] ¢
2 Stroctural
Linear
@8 Nonlinear
Elastic
8 Inelastic
|ﬁ Fate Independemnt
Izotropic Hardening Plasteity
£ Generalized Anisotropic Hill Potential
@8 Kinematic Hardening Plasticity
|ﬁ b izes Plasticity
@ Bilinear
8 Multilinesr (Fixed table)
# Chaboche
Bt —REM GEEE AN > ¥ EICT ad B G
| TB,KINH,1,1,14
TBTEMP,0
e, TBPT,,0.006,4.2718E8
o TBPT,,0.008,4.5474E8
TBPT,,0.01,4.6852E8

3IG

AL7075-T6 & # — % v R

3.setmodel © F* E AR L ITEF- A o

4.setmesh : # * Refinel.bH s B3k F_o

-15-

TBPT,,0.016,4.823E8
TBPT,,0.02,4.8919E8
TBPT,,0.026,4.9608E8
TBPT,,0.036,5.0297E8
TBPT,,0.06,5.1675E8
TBPT,,0.07,5.2157E8
TBPT,,0.08,5.2364E8
TBPT,,0.09,5.2502E8
TBPT,,0.1,5.2364E8
TBPT,,0.106,5.1675E8
TBPT,,0.11,5.0986E8

st




LB ANL B 90kgf/cm2fwfz S LA R R R

kg s 210kgf /e’y R HET 2 E DA M g R g2 4
F:1.5533><104 (N)
P2=-L§§§i§19;<=2058x107 (N/m?)
4.4048x10"
P1=3.5265x10" (N/m?)
6.solve :

FAFEYREATFE SN T pE e bR F > R FL - B iy o
WL AT R 0 A A uE* sparse & PRG 3 N E 0 A A ajTacs
7* Line search fr Arc Length & f& -

Basie ] i x 35,047
| Large Displacement Static ~

[ Caleulate prestres: effects

] " 8ol O DAEEY R —J»\ﬁ;v,, X SDlhOpﬂum] H

Equation Solvers Equation Solvers

" Program chosen solver
(" Spame direct

..........................................

(" Tterative
1 1 1 1 1
" Frontal direct (" Frontal direct
3.3 # line search Are-length options

[w Aetivate arc-length method

Ma multiplier 0
44 B ARC i
Min multiplier 0
Monlinear Optinns Arc-length termination:
Do not terminate analwaz -
DOF solution | Prog Chosn = |
predictor |

216 -
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Absolute Conve

Abzolute Convergencs Nornm

’save”—"/prep7”’— cdwrite,db,file,cdb”—
”cdread,db,file,cdb”—

LA R

1%
I

1.0E+0L. T Lz
L CRIT

nnnnnn

s |

i
Cumulative Iteration Nuwber
Sparse ( by Line Search )
Time = 750

F L2
u CRIT

1oztoz
Loozral
1.oz+ao
Looz-al

s.em-0s
[

wamsef

1.0z-07
o

20 50 70
Cumulative Iteration Number

PCG

(by Line Search )

AR

‘f\ﬁq: mﬁ’{:}}%\

B 2Apk o

7/solu”— & 7 B WK T

£ g F iAo T W45

Apsoluce Convergence Morm

Absolute Convergence Norm

o

1.0E+02.

1om+oz

’finish”—
i/; E’? '&r' T\ﬁ* °

”/clear”—

Cumnlavive Inerat

70
wion Number

Sparse

(by Arc Length )

1.0E-02

Time = 1

20
Cunulative Ireratio:

0
n Hunber

PCG

(by Arc Length )

R S S Sk

v}’\r,.

Sparse Line

Sparse Arc

PCG Line

PCG Arc

Linear

FLE

SEQV

4.56E+08

4.56E+08

4.56E+08

4.56E+08

4.60E+08

0.88%

EPTOEQV

0.006403

0.006403

0.006403

0.006403

0.006462

0.92%

USUM

6.93E-04

6.93E-04

6.93E-04

6.93E-04

6.94E-04

0.14%
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i B3t Sparse » @ o Arc ¥ line 1 s‘h—r ) —;Lﬁ zé’ B UJJ 18 ia‘a? sl AR '—’”’%Lﬁgf f-ieen
IZE S el G

Mt R R R R ST R T * PCG = 3838 o %7 Pl jcacenfi
B
2

3
foi
X
I

y‘%

3
_R?.
?P!
—
=~
=\
“+a
A
=
>
Z,
5]
<
w2
*ﬁi
‘E
&
i
H\
;
5
i
A
=

ML E B2

NODAL SOLUTION ANSTE 10.0 HODAL E0LUTION ANETE 1l0.0
STEP=1 STEP=1
SUB =1 =UB =1
TINE=750 TIME=750
SEQV TAVE) usum (AW
DITX =.634E-03 REYS=0
SN =.378E+07 DHX =.694E-03
S =.4808+09 K = 534E-03
[ aeaa——— | T STE—
L9T7EE+07 . 110E+409 L ZL0E+03 . Z10E+0% . 41l0E409 o L LlE4E-03 . Z05E-03 . 4E3E-02 LEL7E-03
_s38E+08 _160E+09 _z60E+09 a60E+09 _460E+09 _771E-04 _386E-03 _540E-03 _694E-03
2 2
LA B 2Ly R
= . e
NODAL SOLUTION ANSTS 10.0 HODAL SOLUTION ANSTS 10.0
STEP=1 STEP=1
SUB =6 SUB =6
TINE-=1 TIME-1
SEQV (AVG) SEQV (ATE)
DIX =.693E-03 X =.693E-03
SHN =, 10GE+08 SMN =. 10GE+08
SHX =, 4SEE+09 SIX =. ASEE+09
— —
_losE+08 ~110E+09 z08E+09 3078409 “405E+09 beprrms ST T feimin e T mams
-E01E+08 -153E+03 . ZEBE+03 . 3ETE+03 - 4EEE+03 0= 745+ 6= 170E+09 XK= ZT0E403 0= 369E40T BT 444EH0T

Von Mises Stress Von Mises Stress
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NODAL SOLUTION ANSYS 10.0 NODAL SOLUTION
3TEP=1 $TEP=1
U =6 SUB =6
TIME=1
USTH (AVE) [AVE)
RSY3=0
=.693E-03 693E-03
=.693E-03 MK =.5I3E-03
—
o 4E-03 308E-03 TaczE 03 Te1e3-03 —
. 770E-04 Z31E-03 . 3BEE-03 E33E-03 -E33E-03 £

ANSYS 10.0

E=.LP3E 03
63E-04 6= zsNE-02

—
T 52150 [T o= 6360-03
K=.904503 0= 559802 B=.5745-02

Displacement vector sum

Displacement vector sum

NODAL SOLUTION

TINE-1
EPTOEQY  (AVG)
DIX =.693E-03
149E-03
X =. 008403

ANSYS 10,0

_149E-03

_843E-03

001538 002528

8 4318
002233

oo,
003623

00g
008013

708
LS

Von Mises total Strain
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