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Low cycle fatigue behavior of cast A356 aluminum alloys
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Abstract: Effects of the method of Ti-alloying and Ti contents on the low cycle fatigue (LCF) behavior of cast A356
alloys at room temperature were investigated, and the morphologies of fracture surfaces were analysed. The results show
that four kinds of A356 alloys exhibit the evident cyclic hardening behavior, and the A356 alloys with 0.14%Ti(mass
fraction) exhibit higher cyclic hardening rate than the alloys with 0.1%Ti. The cyclic hardening behavior influenced by
method of Ti-alloying has similar trend when tested at low strain amplitude; while the A356 alloys by electrolysis (EA356)
tested at high strain amplitude, reveal the quasi-stable deformation resembled “saturation” state, and for the A356 alloys
by melting Al-10%Ti master alloys (MA356), the cyclic hardening continuously proceeds. There is no obvious difference
between the LCF lives of A356 alloys fabricated by two methods of Ti-alloying, and the LCF life is only influenced by Ti
contents in the alloys. The A356 alloy with 0.10 %Ti has a lower yield strength, which exhibits a longer LCF life than the
alloys with 0.14%Ti.
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Table 1 Chemical compositions of A356 alloys (mass fraction, %)
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HLRINER A356 A 4x(EA356)H R Ti &8N
0.18% ] HLARAICER B0 5 B M T B, ML N ER A356 &5
4> (MA356) UK AL-10%Ti Hh a] 4 < A4l AR 1 I T
8, SIS G4 AR A Ay R H 45 4 BT A (Meetalscan
2500 Y, Arun)BEATO0HT, SEHRILEE 1. PEVE R KRR
AT T6 #AAbBE, SRS T8 d 8 mmX 80 mm
(AR FERT d 8 mmX 16 mm FIARUERE 35 RFE, 76
JE AR HRAT RN L(MTS-810 #Y, MTS)_EHEATFr Al
& 5 MR P APERECE 2 mm/min (3R N T,
H A RE MR 20 9597 SEIR 44 SUE N AR 1 (Aey/2)
A IIEL 5 AMIRE, BP0.9X 1072, 0.7X 1072, 0.5X 1072,
0.3X1072H10.25X1072, WNATHL R Ky —1, AR £
3 0.28~1.0 Hz.

S 36 B i 1 4 AH 4 23R H 4 A 2 1UBE (Nikon
MBA21000 %, Olympus)> kM52, FFFIH BB A
e U HL R G(WD-5 AL, BRS04
HENETT RN 2. PSR AU I
BE(JSM—5610LV Y, Jeol)HEAT %2, TEM #¥ i HL 11
129 1 mm &b, 76355 H%85(H-800 A, Hitachi) W %2
AN[R]E AR N A FE B RS -

Sample Method of Ti-alloying Si Fe Mg Ti Sr Al
E10 By electrolysis 6.57 0.100 0.380 0.105 0.027 Bal.
El4 By electrolysis 6.87 0.099 0.405 0.139 0.025 Bal.
M10 By melting Al-10%Ti master alloy 6.63 0.102 0.385 0.098 0.026 Bal.
M14 By melting Al-10%Ti master alloy 6.89 0.103 0.406 0.137 0.025 Bal.

®2 A6 HRMSHLGERE
Table 2 Parameters and properties of A356 alloys

Prime dendrite Second dendrite arm

Roundness of Si

Sample 09»/MPa  o,/MPa 0/% K/MPa n
length/pm spacing/pm particles
E10 197.8 24.2 0.877 248.1 3193 8.6 335 0.115
El4 190.1 23.7 0.911 261.0 327.8 7.1 378 0.154
M10 204.2 24.8 0.858 254.4 319.6 6.7 345 0.141
M14 197.3 24.1 0.891 267.0 327.6 6.3 380 0.144
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Fig.1  Cyclic o—¢ plots of A356 alloys: (a) By electrolysis;
(b) By melting Al-10%Ti master alloys
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Fig.3 Cyclic Ae/2—2N;plots of A356 alloys: (a) By electrolysis; (b) By melting Al-10%Ti master alloys
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Fig.4 Crack initiators of fatigue failure for A356 alloys: (a) Si particles cracking; (b) Pores; (¢) Oxides; (d) Inclusions



F21 3

HUENE, &5 BiE A356 AR IT N 543

Bl5 EA356 {07 KRR Ml DA ZUES

Fig.5 Fractographs of EA356 alloys after fatigue failure: (a) Fracto-dimples; Ae/2=0.7%; (b) Fracto-flats, Ae/2=0.3%; (c) Fatigue

striations, Agy/2=0.3%; (d) Fatigue slipbands, A&/2=0.3%
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