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ABSTRACT The Al-Si-Cu-Mg cast aluminum alloys have high mechanical properties and good cast performance.
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Due to their excellent comprehensive properties, the Al-Si-Cu-Mg cast aluminum alloys have wild application,
and have become one of the most important structural materials applied in the equipment manufacturing industry.
Actually, many key components in practical engineering application are often subjected to the alternating load,
and thus the fatigue failure has become an important factor which concerns the safety and economy for those
structures used in various engineering fields. Although some researches for the fatigue behavior of aluminum
alloys have been performed, but mainly focus on the regularity understanding. Especially, the influences of rare
earth elements and heat-treat condition on the low-cycle fatigue behavior of aluminum alloys have not been
comprehensively revealed. Obviously, the investigation concerning the microstructure and fatigue property of the
Al-Si-Cu-Mg cast aluminum alloys can not only provide the theoretical basis for the development of new type
cast aluminum alloys but also the reliable theoretical foundation for the safety design and reasonable use of these
alloys. In order to determine the influence of rare earth element Sc on the low-cycle fatigue behavior of casting
Al-9.0%Si-4.0%Cu-0.4%Mg alloy with T6 treated state, the cyclic stress response behavior, fatigue life behavior
and cyclic deformation mechanism of the Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) cast aluminum alloys with T6
treated states under low-cycle fatigue loading condition were investigated. The results show that at the low total
strain amplitude, the Al-9.0%Si-4.0%Cu-0.4%Mg alloy exhibits the cyclic strain hardening during whole fatigue
deformation, while the Al-9.0%8Si-4.0%Cu-0.4%Mg(-0.3%Sc) alloys exhibit the cyclic strain hardening in the
initial stage of fatigue deformation and then the stable cyclic stress response in the later stage of fatigue
deformation. At the higher total strain amplitudes, the Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) alloys exhibit the
cyclic strain hardening. The addition of Sc can effectively enhance the cyclic deformation resistance and prolong
the fatigue lives of theAl-9.0%Si-4.0%Cu-0.4%Mg alloy with T6 treated state. At the lower total strain amplitudes,
the cyclic deformation mechanism of the Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) alloys with T6 treated state is the
plane slip, while at the higher total strain amplitudes, the cyclic deformation mechanism becomes the wavy slip.
KEY WORDS AI-Si-Cu-Mg alloy, Sc, T6 treatment, low-cycle fatigue, fatigue life, cyclic stress response, cyclic deformation
mechanism
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JCE Sc PL Al-2%Sc A4 RN, R SG-5-10 B3R e BEAP IR & 42, MHIRIEE N 740 °C; %
ELZEZHON: FRTPRE N 240 °C, BRI 720 °C.

P SX-4-10 ZY5F 2 B S 9% 55 SR AT [ A+ UL B (T6), SRAMFAKEER T 208, BV R
520 °C. RIG 8h JE7K¥: BFGEEE 175 °C fRifR 6h J5 2574

FIH Neophot-21 74 fib X G AH W B WL 88 4 1 S 4L 217, iR B 1083 k77049 : 2 mL HF+3 mL HCIl+- 5 mL
HNOs+250 mL H,0.
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80%If Ay 1k, H LA Btk 2 PR A8 34 8 KA B 4 AEAH B S8 26 A1 N I 55 F . RSN ARIR 2= 2
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FIH TECNAI20 AUZE S B 7 S 5sE (TEMD WLEEE 4 BT AR DB 57 28 T X R AOWL 25 #4). TEM A
A AR A T TR E 70 um HIRE SR PE MTP-1A BUSUSEHL b HEAT B AR, sV 2> 30 mL HNO;
+70 mL CH;0H, XUiHLE RN 15V, HJiHN 80~100 mA, JHE<-20 °C.
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(a) (b)

B 1 T6 7 Al-9.0%8Si-4.0%Cu-0.4%Mg(-0.3%Sc) & 4= 1) S i 2R
Fag. 1 Microstructures of Al-9.0%Si-4.0%Cu-0.4%Mg (a) and Al-9.0%
Si-4.0%Cu-0.4%Mg-0.3%Sc (b) alloys subjected to T6 treatment
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3 T6 & Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) &4 8’ (AL,Cu) AHf¥) TEM 1451 SAEDP
Fig. 3 TEM images of 6’ (Al,Cu) phase in Al-9.0%Si-4.0%Cu-0.4%Mg (a) and Al-9.0%Si-4.0%Cu-
0.4%Mg-0.3%Sc (b) alloys subjected to T6 treatment (Inset in Fig. 3a shows SAEDP of Al,Cu )
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Fig. 4 Comparison of cyclic stress response curves for Al-9.0%Si-4.0%Cu -0.4%Mg
(-0.3%Sc)alloys subjected to T6 treatment under the total strain amplitude
A&/2=0.25% (a), 0.3%(b), 0.35%(c), 0.4%(d), 0.45%(e)
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Al1-9.0%8Si-4.0%Cu-0.4%Mg(-0.3%Sc) A 4 I S AR M — 207 Je m) i ok Bt 2. mr L, Te & Al-9.0%Si-



A%

ACTA METALLURGICA SINICA

4.0%Cu-0.4%Mg(-0.3%Sc) A 4z 1 314 8 AR R 5 2 far S m) JE IR R FL e o0 22, (H BB 1 R AR 5 38 m7 S ) J UK
T 1o IV A R DX 45k P AR 28 /0N T AR s X 3 ek 2, R JFG 9 P 7 AR i 5 384y s 1 B Tk 2 R MR & I ]
S G BTG, SRR A M7, BT T6 2 Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) & 4 ) N AZ %
HoH, BARGRAITR 1.

1 T6 & Al-9.0%8Si-4.0%Cu-0.4%Mg(-0.3%Sc) & 4= 1 N AZ % 35 251
Tab. 1 Strain fatigue paramenters Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc)alloys subjected to T6

treatment
Gf, gf’ K’
Alloy n Remarks
(MPa) (%) (MPa)

2.8 -0.6594 A&/2>0.35%

Al-Si-Cu-Mg 394.74 -0.0822 333.93 0.0333
1908.7 -1.5412 A&/2<0.35%
8.7 -0.4892 A&/2>0.35%

Al-Si-Cu-Mg-Sc  365.14 -0.0671 438.58 0.0416
699519 -2.1887 A&/2<0.35%

Notes: of -fatigue strength coefficient, b-fatigue strength exponent, &'-fatigue ductility

coefficient, c-fatigue ductility exponent, K'-cyclic strength coefficient, n'-cyclic strain

hardening exponent
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Fig. 5 Total strain amplitude versus fatigue life curves
for A1-9.0%8Si-4.0%Cu-0.4%Mg (-0.3%Sc) alloys
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Fig. 7 Strain amplitudes versus reversals to failure curves of Al-9.0%Si-4.0%Cu-0.4%Mg (a)
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K 8 FTn A T6 25 Al-9.0%8Si-4.0%Cu-0.4%Mg(-0.3%Sc) & & (E 5 57 A8 T Ja AT AR 1A, vl L, 44hnis
NAFTEEE R, T6 245 Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) & 4% 57 A T X A A 40 A8 N MIR g5 4, BLAEH
I LIRS A A AR A 3 FE AR I . X 6 PR T 485 ) B TR B EH T 67 48 7118 Bl i 78 R B A T 1k
NGB ALAS T AL AR IS B AL T s AL, O T BT (AT FLAE B8 D 35 9 T U R AL
RhgE g, IXSOATARESEERAAE R, MR T OIS M RE, AT AR RARE, BT X S IR I g T,
LR IV 45 ) (1% B 3= B v 5 PO S o 2 W) 3, 7 A7 A58 L R S50 P 5 3 B DU R ARG s s, A 4 DA
ARG FE 7 KO AR BB AR T, T 24 A0 SRR, 9% 57 2T X AL S LS ARG 2 AT R X
SARIIERE . (B 8a M ¢ AT SR NIEB M A1), XL B A2 XIIE R TE (001) o T FIH LT
e El, IR R A AL,

Kl 8 T6 25 Al-9.0%Si-4.0%Cu-0.4%Mg(-0.3%Sc) & 4 5 57 Wr 24 5 A i 4H 25
Fig. 8 Dislocation configurations in Al-9.0%Si-4.0%Cu-0.4%Mg alloy after fatigue failure deformation for
14000 cycles under 4¢/2=0.25% (a), 78 cycles at Ag/2=0.45% (b) and Al-9.0%Si-4.0%Cu-0.4%Mg-
0.3%Sc alloy 15876 cycles under Ag /2=0.25% (c), 127 cycles under A& /2=0.45% (d) subjected to T6
treatment (arrow indicating the direction of slip bands)
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FINLEE IR R 13710 %%, Cu R EEE WA 0 TEARZ R A R A 1O JEA, iR 1 074 1 IS ZobT H i 72
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R 7B AR RSUR.

— M, A G 0 AR S I 5 IR A N RGP S i RE R AR e P X T AL-Si R A i R
G4, BT o-Al EAMAIES Si M. ST RAERKER, EESEESIRES, &
S SR SE K AR, H BAR R Ay FEAMINEATER R, A8 T8 1E a-Al ZERAH A Ei2
Bl HALEIE AR o-Al BARM 53 Si AR AE FEAL I 2 AR AR BB T X 0K AR FE AR, IR AR B
L STAH RSB, A 5 R AR ST R AR A B e AR, P AR B TSR R AL R 2. N ) S



A% ACTA METALLURGICA SINICA

9 T6 75 Al-9.0%8i-4.0%Cu-0.4%Mg-0.3%Sc & & 1F Ag /2=0.25% I AN s B AR i N it
ANTRIEIR S R B8 557 AR T S O R 2 2
Fig. 9 Dislocation configurations in Al-9.0%Si-4.0%Cu-0.4%Mg-0.3%Sc alloy after fatigue
deformation for 10 (a), 400(b), and 1000(c) cycles at Ag/2=0.25% and 3 cycles at Ag/2=0.45%
(d) subjected to T6 treatment after fatigue failure (arrow indicating the direction of slip bands)
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