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Abstract:In order to efficiently and accurately predict the crack propagation life of friction stir welding (FSW)
welded structures, a fatigue crack propagation life prediction method for 2195 aluminum-lithium alloy FSW
joints based on support vector regression (SVR) is proposed. Firstly, the Paris crack propagation model
constants and the crack tip stress intensity factor dataset are obtained by the fatigue crack growth test and the
finite element simulation. Then a stress intensity factor prediction model is established based on the SVR
model, and the hyperparameters of the SVR model are optimized by the particle swarm optimization (PSO)
algorithm. Finally, the crack propagation life is predicted based on the stress intensity factor prediction model
and the Paris model. The results show that the optimized PSO-SVR model can effectively predict the crack
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tip stress intensity factor, and the determination coefficient R on the test set can reach 0.999 5, which is

higher than 0.954 of the unoptimized SVR model. The prediction results of crack propagation life by the

proposed method are compared with those by the finite element simulation. The maximum error is less than

5%, verifying the accuracy of the method.

Key words: 2195 aluminum-lithium alloy; friction stir welding (FSW) ; support vector regression (SVR) ;

crack propagation; life prediction
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Fig.7 Comparison of accuracy for SVR and PSO-SVR un-

der different loads

BRI, FE# T P=24 kKNI, PSO-SVR 8 A
B = B R A IR MSE .

43 312K F PSO-SVR #5581 fl SV R 58 7144 3 119
N7 77 56 DR 0 AR A 3E AT 9 57 S S0P R A A
W, Paris BE R 19 S HOR A BRI 50 FR A 45 4 . 4%
RS RSH R Bas R, AR
JCAH BLAE A 3 2L 80 4 v 1 77 5k B R )5 R
FHIF S 500 Paris S8 JE4T  an 1000 . Rl 8 R T
JUF S ] 48 405 N 4% F 2195 48 41 & 4 FSW 43k 4
S a-N 21 1 AR A TS AN B, Tl
PLE R PSO-SVR WY 4 80 Jie 5 iy 1) 44 7
Xt a-N e 1 il P SR AR B, 7R AR E 1 R B B
S BRIUEATE: S i /R T N ST g T =
Jei U 5 4 EAE G F RS A e 2, (E A B v 1 I
B e py R 48T . R AR fE SVR B RS0 g
73 iy VI I A 750 AE SR SRR R B B B 2
R MR EAE 5% ~20% Z [6] o ¥ B b 1%
1 2R R AR R Ay R R p W RO TR
I 77 3 R IR, B SV R R R ) T0KG AN, (H
E LT RBMR2Z M E M T, RAS B HE Y R
Fa S BN SH R/ NYIRZE . HILITLIE 1,
AR SO 0 2L R 5 A TN 5 3k X I 5 B A

5B TR B A W e 9 R SR T 2 B fl 3
AREA W EAE

32
—{FEfE
28 F ——PSO-SVR
——SVR
24
!
N
16 |
12t
8 1 1 1 1
0 50 100 150 200

N/10°
(a) P=22 kN, PSO-SVR error=1.53%, SVR error=19.24%

36

—hiAE
——PSO-SVR
—SVR

32k

28t
24t

a/mm

20
16
12

8 1 1 1 1

0 30 60 90 120 150
N/10°

(b) P=26 kN, PSO-SVR error=2.87%, SVR error=16.58%

32
— HE(E
28 F ——PSO-SVR
——SVR
24
Ly
3
16 |
12 F
8 1 1 1
0 20 40 60 80
N/10°

(c) P=30 kN, PSO-SVR error=3.34%, SVR error=7.71%

32
—fiEfE
28 ——PSO-SVR
——SWR
24}
E 20}
N
16 f
12t
8 1 1 1 1
0 10 20 30 40 50

N/ 10
(d) P=34 kN, PSO-SVR error=-1.67%, SVR error=—5.74%

K18 PSO-SVR K SVR [ a-N hi £k Bl 8 5 45 FL{H
X Lt
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Table 3 Comparison of prediction methods for fatigue

crack propagation life
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propagation life
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