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Effect of Casting Residual Stress
on Fatigue Life of Aluminum Alloy Sub-frame
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Abstract: The residual stress field of aluminum alloy sub-frame was obtained through its casting
process simulation by the software ProCast. Then, the residual stresses were loaded into the finite element
model of aluminum alloy sub-frame for the mechanical analysis through the intermediate files as the initial
condition. The fatigue life of the sub-frame was analyzed by using HyperMesh, ABAQUS, Fe-Safe and so
on. The results showed that the residual stress decreased the working life in the longitudinal, lateral and
vertical conditions by 48% ., 71.3% and 32. 5%, respectively. A bench test on the sub-frame was also per-
formed. The results showed that the fatigue simulation results of residual stress were closer to the results
of the bench test, and the performance index of the aluminum sub-frame satisfied the practical require-
ments. Therefore, the fatigue simulation considering the residual stress provides significance for the vacu-
um die casting aluminum alloy sub-frame production.
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Fig.2  Finite element model of casting simulation
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Tab.1 Chemical composition of AIMg5Si2Mn alloy( % )
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Tab.2 Parameters of casting simulation
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Tab.3 Rear sub-frame bench test requirements
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Fig. 9 Finite element model of mechanical analysis
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Tab. 4 Fatigue calculation results of each load case

T REEAA S BT KA T
e T . o
Wi T . o
F LR . o

P13 g 55 v RO T 3o BB SRR 1, Herh
I R IR 57 YRR 1107 U 53X AN B A LA 6
FR 75 iy » 8 2 X AMEL R R AN 2 AR . K 4 g R



5 6 0]

) 4 K A5 < B B AR L X B A < I AR B 55 7 i 14 R TR 33

B2 B AR A 0 ) 45 AR A5 00 v 19 3 55 Wk B, Bk
15 10 S2 % A% I 3 fef 9 1) T 00 48K A 98 55 A i B R AIR
T A8 Y0 s 1) B AR T 71. 304 5 3 1) T R R
KT 32.5%. H W] AR A N g 6 R AR 4 0 9% 55
FEam A T AR KA B0 I 52 . X6 L N g A A Y 4

Tt I 57 7 i B AV S PR S 98 55 77 i de /ML )

LOGUfe-Repeats LOGLAe-Repeats
5 918E+00 6. 206E+00
[s BI4E+00 [7 149E 400
7 B69E+00 8 .093E+00
—8B45E+00 —9037E+00
—9B21E+00 ~——9 980E +00
| Pl 10926401
T 1A77E+01 =—1.167E401
>
e 1.281E401
o S
1. 470E+01
Max = 1 470401
PART-1-1 402055 Max = 1 470E+401
Min = 5 918E+00 PART-1.1 126039
PART-1-1 675440 Min = 6 206E +00

PART-1-1 672676

(2) [RIRFHEINA 1) TLLANSR AR g

LOGLife-Repeats-
5 B41E400

[ LOGLfe-Repeats-
68256400 6 149E.400
7 B09E-+00 [7 099E400
—B793E400 80496400
—9.778E400 —8.9%9E400
—1.076E+401 —9.949E400
—1.175E+401 | B
12736401 | e
[| IEQ! [: =1
1.470E401 14706401
Max = 1.470E+01
PART-1-1 126039 g;lp;“ :733!520.2;
Min =5 B41E+00 - Min = 6. 149E-400
PART-1-1 305656 PART-1-1 705597 T

(&) (LHEN 1 T

(b) SUREINA 1) T LA

(e) RN HENE 1) T BLAER AR J7

AT T AN 5 2= 0 DA 5 A5 it i T 0 28K 4 ) B
8T IRAR I ) I 5 F i Je A TS0 I L 50 28K A
(9% 57 77 . BRI X B0 28 e 5 2B 7 R A A W AR R
AT 1S NE g 53 17 TR 57 5 i 43 A I 7 2 2 08 s i ok
AN 77 1 5 ).

LOGLfe-Repeats
5 302E+00
[6 346E+00
7 390E+00
——8 435E+00
=9 479E+00
—10526+01
gV 1S7E«0

1 261E401
[! 365E+01

1 470E+01
Max = 1 470E+01
PART-1-1 402055

Min = 5 302E+00
PART-1.1 851315

(c) [RIR Tt hn AN 1e) T LAk A )

LOGLife-Repeats-
2!

[7 2526400
8.183E+00
=9 114E+00
—1.004E+01
=—1.098E+01
- 1.191E+01

1.284E+01
Ev J77E+01
1.470E+01

Max = 1 470E+01
PART-1-1 12601

Min = 6.321E+00
PART-1-1 5633114

(F) ARt N 17 T B A

H13 EMIAHMHEATHETHF>EH
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Tab.5 Bench test results of the automotive OEMs
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