ARAd i LAKR AL

Tianjin Sino-German University of Applied Sciences

ARE R

mEEEEERBT RS ot

Aluminum Alloy Lap Joint Design And Fatigue Analysis

R4 Z
¥ B TR
£ b KATEHIE T
RS #HIN RE!
2N ¢ S
SERUEE] 2022 %6 H 3 H




ARAd i LAKR AL

Tianjin Sino-German University of Applied Sciences

ARE R

mEEEEERBT RS ot

Aluminum Alloy Lap Joint Design And Fatigue Analysis

R4 Z
¥ B TR
T Wk KITREETE
S RER
B K I
SERUEE] 2022 %6 H 3 H




KB EM AR
AR Bl v SOIE R FR R AR

2% RSB WOl k4 eozin
# LT
£ PR T a | g (R R
B 447 B e BB S T R IR A A
e 2E S e PSR
R 1 R SRR 2 M B SR R4 7 . — T, e
o HRTI BTIEL I IR TR BRI 6 A P R 1 R 42
sk | B COUEIES: B, RN A AT R AR
LR | . RIS ST, B BT A A B R
o | g B N — AN S, AR T R K A B R b
S LG P R e P B T ST AL R 55 2T
(D BITHR T E.
(2) HE&SLHRTRE, RIS B RIS 7 T AT 5 STRIRA T i
E%gg (3) BT, RS2 A AT A T
(4) BEEMIBE IR, AHT SIS B,
(5) B,
YL B T S
TR
BARA A A AR, R T SR, 4 A S TR T
g g | T
HyE R

 (HWEE) HEZN:




RAFiZLAKR AL

Tianjin Sino-German University of Applied Sciences

Bl ESH

& H: _Aaer il lot KR

2 e, JL A AR 2 %
£ . KAT g S T
B A £

2 =y 18414020311

EibHE: 2021 F 12 H 3 H~ 202246 H 3 H

1
A}

TR HUM S

al

F5H TR HB 2021 4F 12 A 3 H



ESBEEFEX

1. BT (B30 AE% 18 S HUTRE SRS AR ERIAS, 2% A5t NsEERTEE
o WA BRAE AT GBS0 FFUART— ) A HLF I R4

2. AR RNIEE AL, LARSEAERTE GE30 SEmRIBILRHE—2:

3RS BNAER “HEB” . B RIS, NS PRSCARR, RRESHETRID. FEN %
57 EEAS (41: 16014010101 ;

4. FRAEH BSEEMMIAS, B4R ER GB/T 7408—94 (MR cAIc#im . FEAH. A
PRI (] i) MU R, — IR EHT-BE. 0 “2004 4 3 A 21 H” 5 “2004-03-21"

5. AENEE GE30O WEECRIESR, WARZAMRMEEN. o “ Bt G830 —%&;
A0 SEERCEILR 13K A2 5 A PR H AR 2 5K SCRENL L & PR 2 R %



Bk & it B3O &£ % #

1o Bt Ges0) R 5t AR X

P2 M PR A FR X A 2B AR R SR AT 3R iRy — D7 T, i v L LA AT IR
JE U SRR S PO AT I P AR 2 (1 38emr AW sy OUE N5 55— J5i,
XL A VAT I TR B AT ATR A MR R . AWHR R AT A andiads, BUERER > H
TP S5 AR AN SR B IR IR 57 ) LS N — A B (R A, B2 P iR B T B
Bro DRIUEAT 6 BEXE RHLES Y AR & e S L 2T IR e S 57 047 o

B B N AMITE TR TA AR AR, X AT 8 R B RAS A T R 2K,
POERAMEREFHR ARG HIG EA, WHAR S 7 PG, IEaER A1 KL
BT AT RENE, SERl WHLHLE IONE) . SRR, DAER) RHLZF PR ACIE R 1
RERGEAEARIER L, B0 24277 (1) A340 KHLH RN HUkId 1 100 /54,
HIRTTEIREALEAS, (HAIET 2 [ (48 B2 A 11, AR AT, BRRKK
B RS R WLRPERE S ek, JFHR S TR, KT TIFR. RARMES
OB FE AR 12 e AN REWG I A2 25 P RT3 285K, DRI 2% A B 500 P ROR 3R 4T
TRERNBTSRA, 780 UEM 1B EREORE WIS T HA R PUsE . 725k
TREH, JEHZAEM S MRS TSGR, B2 R mERre—,
AL SE CHLHLSY S AN AR . HLIRAEZE St FRAR S &5/ 1o iDL, A0 $E 3%
Sk (It T T S HAT BB A ARAME AN TR X

2. Bt GBS0 BREUESS I N A AT 2K

(1) HTREFE T %

(2) HESEIGATRE, XI5 e #d AlIe 7 VR E AT 24 STRIR A 1 i o
(3) BEAT G, X SEi6 A A HEAT PEAIIC K

(4) Zi5 RS R, i SEgAeE AL .

(5) HERI,




Bk & it B30 £ % #

3.

SR (650 WERE (BRI, R, SRR .

(1 bzt (830 —%&

4. WHBERHR,

[1]

2]

[3]
[4]

[5]

[6]
[7]

[8]

[9]

8 5 TNOL 45 5 4 B XoF - 5 42 &5 ) 8 1 5 R BF 92 [D]. Tk BA A 25 i R K
22,2019,

TR, E I AN, KMNY.2024-T351 $5 G 4 10 b BE BB H IR 4 3K 95 57 T e 5 77 i T
T3k R T 2,2019,49(05):79-84.

TRIbedE FE TG T AR & SR L IR IRAE 2R I [D]. H i 3838 K %#,2019.
PR, S X0 T L SR ERAR S, T 2S00 5754 884 S it P BRI IR FE 1 %
SLETYIPE R 520 ] J2 84 R, 2018,47(08):20-23.

XS BB 4/ B 4 S R R P R A A SR L A 25 1M BR (D] AL koK
#2018,

JHRE 4564 FSW I3 HER Sk M Bl A 0 RSk A AL [D]. L BH AT 2 i R K %%,2017.
AR 2219 A0 A SRR BRI IS B T8 KB Sk M RE W AU (D] B s TR K
22,2013,

#AH.7B04 SR PR A S R ERE SR B BE R L2 FE [D]. Tk BR A AR R
#2014,

Nick,Brown,Edinburgh,etal. AComparison of Techniques for Solving the Poisson

Equation in CDF [J].2017,03(No.126):91-100.

[10] Cederqvist L, Reynolds AP.Factors affecting the properties of friction stir

welded aluminum lap joints. Weld [U]( Res Suppl)2001:281-7.

PITAE Tl o A e

=
2

il
m
jun|




AAdiEDAKR A

Tianjin Sino-German University of Applied Sciences

AR RS IR S

& H: _Aaer il ot MES o

% B B LR 2B
1 N2 KAT g S T
SRk Dk

2 =y 18414020311

wibEHE: 2021 F 12 H 3 H~ 2022 £ 6 H 3 H
8RS #m: N

I
i

al

HEH:2021 412 H 3 H



—. JTFE#REHNE CGRENBEREX. 5AREEXRNEANIFR (MAD BHREAK

B, REXEHANE. SEME)
(—) REBKEKEX

FL 2 P R R R S A R P e SR AN . — D7 T, B w4 LA IR
D R SMURIIR e L H A4S i 2K 2 B AT . TS 5, Xk
BLZ2 2 AT TR BRI IR A B . AW s B YAT B andads, BUERER 7 B 2
SR RN G BREE (1)% 57 ) RS N — A BT A3, R B K R m i B . Rk f
B RALEE M R A S8 B B T 2T A BT B 55 4T

bEE ML TR TR R R, X AT SRR A SR T Em I ER, #
EEBEAMERE IR ARG A, T HAEE 7 WIRNE R, Rt I R Las M ik
THRTREE, FERC AL E 9N FRmER:, DUER) KL ARl 7 RE W
IR R G, BN BRI A340 KALTAUENET st T 100 A, BARTT
fEIFEINGEDS, (HADET 2 8] 48R 2 A 1 1), KR AT, RERIKAD. 2
KA CHLR R 522, JEHIRE TR, IR T TAEE. BARME SR
FEIERE ORI L A G KR, I &ANE SO R R AR AT T RERTHT
H5RIA, el 7R REORAE CHLHE R R R . AESEBR TR, JUH 2
FEMUT MRS AT R4 i RDGE s, k2 R g Y e —, LS H) WL
5 58 RN AR ATLSRAE SR K s T FE AR S S50t BTCA, BRI L e
HE R FARYME A TR S
() BXRPEANIMR (M) BREEBEES

A1 P ] PN R4 P BE AR T O 0 B v e e sk T, Rk, M
PRESLIIBE T B> . MAESERRAE =, KAl EM TR S MIERERR Y, HHE =
W KBRS, IR G SIS A 4655

A IRIEFE HFSW H543 5k (1945 245 B (EST) A L T 2 25 42 B Wi 5 Sk 510 57 1 5 /) 3
RIZE, T ST R A (R B2 A Al S TR P SO SRSk R R B R . M4 21
DR N R VB M 4 TR AR N AN ST ) A AR A A G T RR A S R S N T e A
H, KSR 2 IEEE R T 5Em FSW B4k teme, @i L2245, w LIS 2
SLIRRE 250 0.9 DL R FSW #8453k

22 TR T A, BT SR SE AR BN 1.7mm B LF2 454 4Bk AT FSW #5424
5}, 3 AE 1100rad/min, B AE 80-255mm/min & B P 2 ] 15 358 B i s i a3k, H.
Fr BT T 1135 H IRAE B SR R FAGE IR X o He A SR THAE 100mmy/min IS, 23K B V) 9 fe s
Al DUA B REM B V)58 FE I 75%LA F.

FEH =¥ L Cederqvist 1t AEFE MR T, TR SR RIFEE S 0, Fr LA ph Rl
I L WO ZH A B s 22 . i AR BT (0] KRS A T Hi R AT AN R Z, ERIERE )




FHHM BT HisE), FUMPERR R
D Fersini,A Pirondi H /A FR7C 70 M 1k 11 9 S i 57 2804 & B AR AN L g 5 52 R -1 A
K, #RJ518id AFgrow AN T IE ST A . SLI0 R FSW HE 3k B ROR A REM 1
70%, T 57 R0R WA SR 15%, 257 RABOEH KALERTBEMN . ST 3] 1 it
BEAR AR PRy LA — b R e IR SR I
D M Rodrigues,A Loureiro, C leitao 55T | Imm /&[] AA6016-T4 B 5 & 1T+

BEVRIEIEIERS,, g, AR T IR RISk, A U T PR S R 4%
Ja RS A GRINURERE . ERREHERIEOL T, N 7 SEB s Rk, BIESH
w2 7. RBEESH SRS ERAARE ERPMAE — IR, ARA1EE
BRI IS I JRGERD “% 7 R4, S RIE HAVRLE CRLEE ORI e B AN R /)
(YRR T ) AR T [RIRE SR A T A IR S8Rk U, MUMRMEREAS 2 T iR & . X PIFIIRSE 1%
PERE AN [F] BEIE L& AR T B ROW A R pr 1521 1 ke

(=) REXEHANE

A SRR IR RN I

2. F“jjé%ﬁlj, PRy . SR RE AN ST
3. PREEBRIE BT 57 M RE 22 S5 B AL .
(M) S 3CHR

1281 21, #1484, 5K F G, SEA PR BE SR AL KL IS Tl A i BT [T] 8 SR8 1.2,2002.
2] . 7B04 1y 3 B AR 1 PR SR B BE R T 2T SU D] VR BT AR K 27,2014.
31T A 22 BH, X R8T 458 R BE R IR T2 e HL N [ 0] 48 865 R .2000,29(2).
4]Miller DK.Designing welded lap joints. Welding Innovation [J] 200L; X VIII(3).
STHRTIE, IV 2R [ 2140 15 <5 OB R0 BE R M AT B TR G 1% [ it 32,2004,
6] A 3, Bl 2R, SR AN A0 15 S A HR R S B P BE SRR T2 FU[0] 2 M B R A A

004(1):183-27.

[7]Cederqgvist L,Reynolds AP.Factors affecting the properties of friction stir welded aluminum

lap joints.Weld [J](Res Suppl)2001:281-7.
[81 Rk A & Al 1 BE AR I e i SR A 2 21 I M HERIT L [D]. R K 57,2000,
[9]D fersini,A Pirondi.Analysis and modeling of fatigue failure of friction stir welded

[1
[
[
[
[
[

aluminum alloy single-lap jonts [J].Engineering Fracture Mechanics 2008,75(1),790-830.
[10]D M Rodrigues,A Loureiro,C leitao.Influence of friction stir welding parameters on the
microstuctural and mechanical properties of AA6016-T4 thin welds [J].Materials and
Design.




—. HERBHSER

&1k B3 FERE i 3R
2021.12.03-2 | 5T £, TERE, 5. B,
022.12.10 A0 SR,
202112102\ s i vl 5550k, 7 WA & G Bl A DG | B BRSSOk, B 9F
022.01.01 FLPAAHICT 5 SLRN, | REber i it L X, 55

WL B AN R, SIS SEEAT ST
2022.01.01-2 TR SRR, IR
022.02.01 B TERL S R, 222 5EEE RN AR, 1 | 2B 8RS

BIF IR Y, EEERT.
0226315 SERERARSIR, AT

e HEAT TR RS0 FR 10 S5 S0 20 Mritas H g,

2022.03.15-2 \ ‘ o E'\é‘%%?%éa\fﬁ%‘i@, beic
022.06.03 MR IRGLIGIS H 458, BB IFEE. BB

1. PEFR & S m g 57 i G AL s

2. 2212 A4 SO OGSL I R 24 T H

3. HIE ABAQUS T FL B At

4, PREFSZEHORE, BRI,
58 R AR R
WA F4
e S HU

= B Em: & A H

FFREE
/NERE R, H - & A H




AEE R (83 BIERA

ARNAEBEY]: PrEZfEliat GE30 , BRANERSEINES T, ¥
TR AR PR BAS R . BRoCrh E el 5l A A AL, ARkt G0
HIBT 7 AR A B EAE AN BIER) . ©ATFRRBOH AT RRRITER N X
AV GBSO i K w7t AR ok i AR NATERAR, 2 A3 DL
T bR A ERL BT R3O SRR B AR DT A AR AH.

AL (830 1FE4: F TN
€ A H

AN HEALB (630 AN SARE RIS RR, D
R (B30 AN, FRSRIEME . ST, BB Pl
— SR

S S SR LU 2

£ H H



W OE

ERERFFAE AN ) 3 ATANIE 5T, 555 9 FEARN BB, (H R R RERT & TAE AR
B MR U E D . PR U RER L IR IRVDIRIE R, ASUEP RS &
RIS R T IR ABAQUS B3 556 S AR I E R AR AT IO 5, BRI
J5£ 37 Ji B R XU BR AR T pR 25, 383 Fortran 158 5 4 5 K H R B2 N OB S T I
Abaqus BAFBEAT IR AR A IGJER B 5 Bl Abaqus B JE 34 Fe-safe X AT 057 . N
JIREAU I B

RO R B 56 75 A D AH SC SCHRER 21008 B (A Rl e 1 28, #2383 ABAQUS il & 4%
PRI A TAE I 2R R E M, 7622 051 AN 280 #1157 J5 0= XU 3R FA 5 74
MRS H a\ by ¢ BRI, BT, WAL SR BAY) & 52 hr, AR A SR
PR AR A 2K B N SO0mm, FTLA av b X Smm, ¢ HX 10mm B RCR L. 24 a. b R/NEL
2| Smm LU RIS 2 I RASADLI R I 1 R TH] o 1 B 45 SR R BH OO BR B IR ASE 2 A8 S A A S 1)
H x BT MR R B, AR TE AT A UM ER AR (AR AL R o WS 70 A vl AR
JE BRI ) F B ATAENRAEAL, JREEH N I IA A BUG B W N R N ), SEIR TGS 8T
i 5%, 1RAA RGENER 1 WLR 73 i vl & ARG L I A2 A frhii%, R
JREEEAT 2B AR o IR B SR S5 77 (MBS B R IR AR N 2 hn JIIE R

T INAS [ AREE FLAL S0AL 80A . 120A Ja /K I, MREEHIEA, JREELZHEIIAZBK,
TEIRFE RN 50A AR N J1fe/ly, B DA # AR B LR S0A; HIR BRI S0A, HinA
[FREEE L Smm/s. 10mm/s. 15mm/s J5 KIEZTH ERRCRT, JREERRPTRK, ZHE
R s/, LAk R EEH I Y Smm/s. EIRBERE I e G, @ TR Es, 5IANT
SRR FIAR RN T, BNt 2 58 . e, RS REY, RS ERN
IIAEROR, SRS IR ST AR 10347 O /N T B IR SR TA G AL 5T A5 A 107 IR, FEIRGE S5 1R 4%
BT B 75 2 BT 222

KA $5E%ks ABAQUS; JR 5770 Mirs TIG JR45; XUMER IR JRAR Y



ABSTRACT

The lap joint is characterized by uneven stress distribution and relatively low fatigue strength.
However,the preparation and assembly before welding are relatively simple;The transverse shrinkage
after welding is small.The types of lap joints include slotted welding,plug welding and serrated lap
joint.In this paper,the aluminum alloy sheet lap joint is designed and the welding process of
aluminum alloy sheet is simulated by Abaqus software.The principle of simulated welding
temperature field is double ellipsoidal heat source model function,and its function form is converted
into language program by Fortran language,which is added to ABAQUS software to identify and
become heat source model.Finally,the fatigue and stress are simulated and analyzed by Abaqus
software Fe-safe.

In the process of simulation, it is necessary to consult the relevant literature to find the
corresponding thermal property parameters of materials.In the preliminary work of temperature field
simulation by ABAQUS,it is added to the material properties.After many references to heat source
subroutines with different parameters, it is found that when the shape parameters A,B and C of the
double ellipsoidal heat source model are larger, the larger the simulated heat source shape is,the more
unrealistic the simulation effect is. According to this paper, the weld path length of the simulation
model is 50mm,so the effect is better when A, B are 5mm and C is 10mm.When the sizes of A and B
are below Smm,the calculation time of the simulation process will be increased. The calculation
results show that the double ellipsoidal heat source model moves slowly from the set coordinate
origin to the X axis direction,and the temperature change completely accords with the change law of
the double ellipsoidal heat source model.From the stress distribution, it can be seen that the
maximum stress after welding is mainly distributed at the weld seam, and the tensile stress of the
weld seam is gradually converted into compressive stress after spreading to the edge,and there is
almost no stress near the edge,but only a small compressive stress at the weld seam. It can be seen
from the displacement distribution that the displacement change at the weld is negative
displacement,that is, it is squeezed along the weld path.Gradually spread away from the weld,and
gradually change from extrusion pressure to tension.

After applying different welding currents 50A, 80A and 120A, it is found that the larger the
welding current is, the greater the extrusion displacement at the welding seam is,and the minimum
residual stress is found when the welding current is 50A, so the welding current is selected as
50A.When the welding current is 50A and different welding speeds of Smm/s,10mm/s and 15mm/s
are applied,it is found that the higher the welding speed is,the maximum residual stress at the weld is
and the minimum displacement is caused by extrusion,so the welding speed of Smm/s is
selected.After the simulation of welding temperature field is completed, a new example is
established, the original model and welding stress are introduced,and a new analysis step and load
are established.Finally, the fatigue calculation results show that the stress distribution on the weld
path is the largest, and the fatigue life of 103.47 times on the weld is much smaller than that of 107
times on the edge far away from the weld,and it is easy to break near the weld.

Keywords:Lap joint; ABAQUS;Fatigue analysis; TIG;Double elipsoid heat source mode
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270 875 66.0x10°6 430 15 135

2A12 FRE SR R K+ B SRR A B K S A R PR e e, X B
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N T35 K AR TE AL AT DA 2A12 584 &0 J1 25 e e o (ER M R ik it BEAT SR 75
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3.2 A EEEEIERRITEM

PREES R R IR -G, T ER R E, KR I B
Jit N B AE R SRR BN 13
3.2.1 iREH. NOE5TRAEN
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BLADL TIG I 78 v (1R BE 3 v B3R F R R RUBR ER AR T 20012, 383 Fortran 1 5 2
BYREE (W 3-3) 78 f5 AR ASAR B I e T 51 IR . 8] 3-1 XU ER B AR A
HR A LA R AR B O R U RS, AR S0 5 1 T-R2 5 AR B R ER AT 3l A0 5 e 4l
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(2) JUATHE AL ST
I Part AEERHEAT 2 B PR, PR RS LA B R 2 A 2 o A
3-2 (B FIHR SF 108 100mmxS0mmx2mm 7,
(3) LRI T #1 k)
AR A2 BRI BRI P S AT AL, SR 5 7E SR B B I AU ) S Al P X B AR T R A
BT REAT 30T o BT LA B (L B SR B . SRR 5k LUBE TR 1078 1h . i iR
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SUBROUTINE DFLUX (FLUX, SOL, KSTEP, KINGC, TIME, NOEL, NPT, COORDS, JLTYP,
1 TEMP, PRESS, SNAME)
G

INCLUDE 'ABA_PARAM. INC'
DIMENSION COORDS (3), FLUX (2), TIME (2)
CHARACTER*80 SNAME
x=CO0RDS (1)
y=CO0RDS (2)
z=COO0RDS (3)
wu=16.0
wi=80.0
effi=0.5
v=0. 005
g=wu®FwiFeffi
d=v*T IME (2)
a=0. 005
b=0. 005
c=0. 01
aa=0. 006
f1=1.0
PI1=3. 1415926

x0=0

y0=0

z0=0

hegt =6, 0%Fsqri (3. 01 *g/ (aa¥bFc*PiFsqrt

{
heat2=6. 0*sqrt (3. 0) #q/ (a*b*c*P | *sqrt (P

T1

ok
)*(2. 0-F1)

Fi
I

)

shapel=exp (-3. 0% (x—x0—d) ¥¥2/aa**2-3. 0% (y—yQ) ¥*2 /ph¥¥2
$ 3. 0%(z—z0) ¥2/c¥¥2)

shape2=exp (—3. 0% (x—x0—d) #¥2/a%¥2-3, 0% (y—yQ) #%2/p¥¥2
$§ —3.0%(z—=z0) =2 /c¥¥2)

JLTYP=1
IF(x .GE. (x0+d)) THEN
FLUX (1) =heat1*shapel
ELSE
FLUX (1) =heat2*shape2
ENDIF

RETURN

END

K 3-3 #ETFREFE

D EJETER S AR S B a8 S NI R A 4 O “A-2A127 , SREIFI R
B SRR, JEIRGEE . PR RS TR REIRRHR R 2412 SR G e RL
RGN, B 1 AN BN b A SR BN R 7 A e S NI L AR AL .

Wk 3-4. SERCHTAMPEHE LG, RS AL BTk EE AT - “ iRt -

“Model-1"

JEHNE N EE-273.15 MNP IR 2% 5 H %0 (Stefan-Boltzmann) 5.67E-08,1&] 3-5.
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i [ AREIfE b s B
Expansion = ===piva=
Coeff el
1 2.23E-05 20
2 2.28E-05 100
3 247E-05 200
4 2.55E-05 300
5 2.67E-05 400
6  27E-05 500
L Wi B B
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ARFRIT ], LS x BT R IR AN T ), 2 BT I R R R R DT A, y A E
YREETTIA)
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N 20s, FonEERE Smm/s. HARW E WK 3-6. FRRAE “rir b B HEE” g —
Mo a4 4 Cooling, sy Heating 28 RNER HIE A MPL FAEMATH, oihd
KR “HRE-ARRE Y, mAREE RN TR LA 600 FRn¥A ZIIN Ry 600s,
fb B E W 3-7,
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- +1.664e+07
+4.648e+06
- -7.344e+06
-1,934e+07
-3.133e+07

-4,332e+07
—+ -5.532a+07
-6.731e+07

ODB: Job-31.cdb Abaqus/Standard 2021 Sat Apr 30 13:52:25 GMT+08:00 202
F3#fré5+ Cooling
I.ngmm;nt_ 40: Step Time = 600.0

(a) 50A I IR FE N Iy 70 Aii

+2.251e+08
+2.001e+08
+1.751e+408
+1.501e+08
+1.251e+08
+1.001e+08
+7.507e+07
+5.006e+07
+2.505e+07
+4.717e+04
-2.496e+07
-4,997e+07
-7.497e+01_|-

ODB: Job-37.0db Abaqus/Standard 2021 Sat Apr 30 13:42:02 GMT+08:00 2022
#7251 Cooling
Increment 41: Step Time = 600.0

=

(b) 8OA HLFR R IR 14

,6682+08
+2.308e+408
+1.94%4-08
+1.58%a+408
+1.22%9e+408
+8.698+07
+5.102e+07
+1.5050+07
-2.092e+07

i~ -5.688e+407

- -9.285e+407

—+ -1.288e+08
L L -1 648e+08 |

»
ODB: Job-30.0cdb Abaqus/Standard 2021 Sat Apr 30 13:53:14 GMT+08:00 2022
Z3#ff#: Cooling
Increment 42: Step Time = 600.0

O (© 1200 it FIOKEEER A

K 3-23 50A. 80A. 120A = HLii T HIIEE N /1504 B
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+8. JSUE 06

+5,189-06
+4.135e-06
- +3.081e-06

.2 -
-4,295e-086)

Z y ODB: Job-31.odb Abaqus/Standard 2021 Sat Apr 30 13:52:25 GMT+08:00 2022

:&?ﬁzi;- Cooling
ent 4D°Shap‘l1me- 600.0

(a) 5OA HLYL T HIAI# 73 A B

+2.741e-05
- +9.760e-06
-7.893e-06
- -2.555e-05
-4,320e-05
-6.085e-05
-7.850e-05
-9.616e-05
-1,138e-04
=1.315e-04
-1.491e-04
-1.668e-04
-1.844e-04

fStandard 2021  Sat Apr 30 13:42:02 GMT-+08:00 2022
i Cooling e
Increment 41: 5tep Time = 600.0

(b) 80A HLy N HIAI 43 A

U, ul

+5.743e-05
+2.490e-05
-7.633e-06
-4,016e-05
-7.270e-05

- -1.052e-04
-1.378e-04
-1 703e-04
028e-04
3549 04

y ODB: Job-30.0db Abaqus/Standard 2021 Sat Apr 30 13:53:14 GMT+08:00 2022

43174 Cooling
Increment 42: Step Time = 600.0

| () 120A Higi FHIRIE 4047
K 3-24 50A. 80A. 120A =FhHLIR AN A &

19—



R P R RO 2022 Ji ARV BT

2. 00E+08
1. 50E+08 — 50A
i J —— 80A
— 120
1. 00E+08 |
©
o
R 5.00E+07
1= ]
0. 00E+00 - - =
5. 00E+07 A;
~1. 00E+08
—
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W 80A B, JREELL KRN TN 150MPa, 184485255 AL FE -1.844e-04m, EIRTRARN T
AR, (ARG N AR BB SR RN 120A B, JREELL SRR TN
180MPa, 1R4EZHEAIFEH-3.329e-04m. 25 b, JRILHGIEK, FRRBIN TR, (R4
Wb ZHE ARG ERR, it A 431 52 I L 2B0E ) 80A
3.2. 6 NEIREREEIUXTLE
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+1, e

+1.461e+08
+1.06%+08
+6.780e+07
+2.866e+07

.048e+07

T -
{ -1.279e+08
! —1.6?Ue+OQJ

Zz y ODB: Job-32,0db Abaqus/standard 2021 Sat Apr 30 14:01:36 GMT+08:00 2022
43#f#: Cooling
Increment  41: Step Time =  600.0

(a) JEHEHSE Smm/s B (1 0EHE R /) 5347 1

s, 511

(FF19: 75%)
+2.251e408
+2.001e+08
+1.751e+08
+1.501e+08
+1.251e+08
+1.001e+08
+7.507e+07
+5.006e+07
+2.505e+07
+4.7172+04
-2.496e+407
-4.997e+07
7.497e+07_g

ODB: Job-37.0db Abaqus/Standard 2021 Sat Apr 30 13:42:02 GMT+08:00 2022
5545 Cooling
Increment 41: Step Time = 600.0

(b) BT 10mn,'s IHAREERT )57

ey izalal

(°Ft3: 75%)
+2.08%+08
+1.863e+08
+1.638e+08
+1.413e+08
+1.187e+08
+9.621e+07
+7.368e+07
+5.115e+07
+2.862e+07
+6.094e+06
-1.644e+07
-3.897e+07
-6.150e07

ODB: Job-33.0db Abaqus/Standard 2021 Sat Apr 30 14:02:22 GMT+08:00 2
54fr#: Cooling
I‘n_c_m_enl;_ 41: Step Time = 600.0
(c) M5B8 15mm/s I IRIKEEE N 7743 A P
K 3-26 JEAEEHE N Som/s. 10mm/s< 15mm/s B[R /75045 &
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U, u1
—r +6.576e-05
=] +3.526e-05

+4,751e-06
- -2.575e-05
- e-05
-8.677e-05
.173e-04
.478e-04

.003e-04

Z y ODB:Job-32. : us/standard 2021  Sat Apr 30 14:01:36 GMT+08:00 2022
“i#ff#F: Cooling ¥
Increment : Step Time = 600.0

a) SN Sm/s I HI0LES 4

U, ul
+2.741e-05
- +9.760e-06
-7.893e-06
- -2.555e-05
-4,320e-05
-6.085e-05
-7.850e-05
-9.616e-05
-1.138e-04
-1.315e-04
-1.491e-04
-1.668e-04
-1,844e-04

z y ODB: Job-37.0db p Standard 2021  Sat Apr 30 13:42:02 GMT+08:00 2022
Siifez: Cooling
Increment 41: Step Time = 600.0

(b)) BT 10mn/s O RIES S 16

U, u1
+6.43%e-06
-3.628e-07
-7.164e-06

- -1.397e-05
-2.077e-05
-2.757e-05
-3.437e-05

- -4,117e-05
-4.797e-05
-5.477e-05
-6.158e-05
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-7.518e-05

Y ODB: Job-33.odb Abaqus/Standard 2021 Sat Apr 30 14:02:22 GMT+08:
23tfr#F: Cooling
Increment 41: Step Time = 600.0
(c) JRBEE 15mm/s BG4 =
Kl 3-27  JEBEEEE N 5mm/s. 10mm/s. 15mm/s B (RA2ES 20 A5 P
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s, 511
(TH3: 75%)
+1.412e+08
+1.233e+08
+1.055e+08
- +8.772e+07
+6.990e407
- +5.209e+07
+3. 42707
+1.646e+07
-1,.361e+06
-1.918e+07
-3.699%e+07
-5.481e+07
-7.262e+0¥F

ODB: Job-100.0db Abaqus/Standard 2021 Mon May 09 16:51:47 GMT+08:00 2022
4ifi: Step-1
Increment 17: Step Time = 1.000

F78: 5, 511
Bl 44 RS 2

- +5.617e-05
+5.123e-05
- +4.628e-05
+4.133e-05
- +3.63%-05
+3.144e-05
+2.64%e-05
+2.155e-05
+1.660e-05
+1.165e-05
+6.707e-06
+1.760e-06
-3.187e-06

ODB: Job-100.cdb  Abaqus/Standard 2021 Mon May 09 16:51:47 GMT+08:00 2022
5% Step-1
Increment 17: Step Time = 1.000

28 U Ul
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SRR 5| 13 E NWIRETIUE SO R AT S0 8007 20 BT » [ € — i 45 3 — i ot o 28
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RRINET), RN A RN T ] 4-5 AT ETER KRS N 5.617e-05 f/IM #
N 1.660e-05 .
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LOGLife-Repeats
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