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FIGURE 1 Cruciform sample for biaxial loading
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FIGURE 3 Residual stresses profile in FSW cruciform sample (LD and TD means



longitudinal residual stress and transverse residual stress respectively)
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FIGURE 4 Flowchart of fatigue crack propagation analysis
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FIGURE 5 Finite element meshes used for the numerical simulation
of cruciform sample

Mesh detail (a) in finite element model (b) in working area (c) around the crack tip



y direction (mm)

-40 -30 20 -10 0 10 20 30 40 -40 -30 20 -10 0 10 20 30 40 -40 -30 20 -10 0 10 20 30 40
40 40 40 4 40 ] 40
=0 2=0.5 i =1 '
30 f =—without residual stress 30 30 | == without residual stress o 30 30 | ==—without residual stress 30
— —with residual stress — = with residual stress PR — —with residual stress |
20 20 20 4 20 20 d 20
/ 1
10 0 E 10 4 10E 10 ! 10
Advancing side = E Advancing side E Advancing side .
sasmsnmanmane g g “crack propagation path|
S S
0 0 g 0 05 0 {4 forh=1in Ref. [50]10
o e - Retreating side 3 crack propagation path /‘& Retreating side 3 ,‘&Relrealing side
-10 frerack propagation path <10 > -10ffor 2= 0.5 in Ref. [S0]/ . 210 = -10 -10
for &= 0 in Ref. [49] /I !
20 | el 20 20 P 20 20 : 20
i’ 1
-30 -30 -30 D -30 -30 -30
(@) - b) ! 0)
40 40 40 40 -40 ! 40
-40 -30 20 -10 0 10 20 30 40 -40 -30 20 -10 0 10 20 30 40 -40 -30 20 -10 0 10 20 30 40
x direction (mm) x direction (mm) x direction (mm)
-40 -30 20 -10 O 10 20 30 40 -40 -30 20 -10 O 10 20 30 40
40 40 40 40
=15 =2
30 | == without residual stress 30 30 | ==——without residual stress| 30
= = with residual stress = = with residual stress
20 20 20 20
E 10 0 E w0 10
E Advancing side E Advancing side
s crack propagation path s -
8 5 ! 8 crack propagation pat
3 Offor A= 1.5 inRef. [51] { 0 3 O for A=2 in Ref. [50] 0
k=] Retreating side k=] Retreating side
> -10 -0 > 10 -10
-20 -20 -20 -20
-30 -30 -30 -30
(d (e)
-40 -40 40 -40
-40 -30 20 -10 O 10 20 30 40 -40 -30 20 -10 O 10 20 30 0
x direction (mm) x direction (mm)
FIGURE 6 Crack propagation path in working area
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FIGURE 7 Crack deviation angle
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FIGURE 8 SIFs versus crack length
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FIGURE 9 SIF components caused by the applied load and residual stress
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