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Three-dimensional crack initiation behavior of
cast aluminum alloy under low-cycle fatigue

Osamu KUWAZURU®, Keigo MATSUMURA**, Vinicius AGUIAR DE SOUZA™**
Masakazu KOBAYASHI**** and Hiroyuki TODA™*****

The crack initiation mechanism of cast aluminum alloy was addressed to quantitatively evaluate the fatigue
strength. We employed the synchrotron radiation microtomography to visualize the three-dimensional damages

around pores and silicon particles. Two types of specimens underwent a low-cycle fatigue test. The temperature of
solution treatment was different, and it yielded a difference in the shape, size and distribution of silicon particles.
After a certain cycles of fatigue, a catastrophic damage around many silicon particles occurred, and they connected
to each other so as to form a crack especially within the high stressed region around a relatively large pore. The
scanning electron microscopy after the test showed that the type of damage was the breakage of long-shaped sili-
con particles or the aluminum-silicon interface debonding of round silicon particles. The high temperature solution
treatment facilitated the interface debonding by the enlargement of silicon particles.
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Fig. 1 SEM image of AC4CH-T6. (a) Normal solution
treatment by 803 K, (b) high temperature solution treatment
by 843K.
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Fig. 2 Fatigue test specimen (K=1.064). (a) Specimen, (b)
tab reinforcement.
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Table 1 Mechanical properties of materials A and B.
A B
Solution treatment temperature [K] 803 843
Ultimate tensile strength [MPa] 294 280
0.2% proof stress [MPa] 216 220
Young's modulus [GPa] 83 88
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Fig. 3 Test apparatus for fatigue test and in situ observation
by CT.

2R TIE TR & & 4 VREL L 720 BB P o
TIEFRENZ1.064 TH 5o B O ML FAREE £ THF
L, 0.6~07mm®DE X |24 P72 B, sBRAIE#HW
DT, R O E F NN 20 ACACH DRI (Fig.
2(b) THIRAFEHE L72o ORI Z I R OB E A
FloBNTC, GRS & B L7ze BliRsEHE L 725 Rt £
0 15 5 N7 A OIS % Table 112773,

2.2 EFHEBRETZOHHRE

LIV L MR i B it 7% SPring-8 @ ¥ — 4 T A~ BL20XU
WZCHME L 72, FERREE OB Fig. 3183, #2132
FEA — RAVNRLE 57 3B (BEUERr) =i L7z. #BRk
BEMIRA T — Yo RICRE S, AL RET 2L
XY, CT%#GT 5, TROOEBEFHNT, EKY A2
IVIETr R & F OBBIERE T - 720 FIIETRBROME G &
D&, WAREAMIS % AR TIL200MPa, B#f Tl 220MPa
E L7z IBATHIEWEND +0.1 & L7z MREHE0Z0.5~
18.5Hz CHEFREE L, SR BRBIAEIEL05Hz & LC, Hfr
AT NDPHEZ D T LR AIZ185H2 F T RIF72, 72721
HEDPUORE LB A 7 VISE L 28T, 73R
WL, PSR L ZZIREE T CT % L 720 Rl A
YA —vid, 1X10"H X U3x10" cycle (n=0,1,2,...) &L,
MBI DOZERICE RSN &b, #E, Az Pk L
T, CTHAE X 1T o720 RERATD 0 cycle 12DV TIL, 12T
IR CHA% L 72 F72, Bl SZ MRS 5720, BT
BLIMEL 720



572

Specimen B

Specimen A

Porous
shrinkage

Fig. 4 Example of CT images. (a) Whole cross-section
and (b) metallographic structure of specimen A. (c) Whole
cross-section and (d) metallographic structure of specimen
B.
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Fig. 5 Multi-angle views of main pore in specimen A. (a)
Upper and (b) lower oblique views. (c) Superior and (d)
inferior views.

Fig. 6 Multi-angle views of main pores in specimen B. (a)
Upper and (b) lower oblique views. (c) Superior and (d)
inferior views.
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Crack initiation site

Fig. 7 Fracture surface of specimen A.
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Pore C

— Crack initiation site

Fig. 8 Fracture surface of specimen B.
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Fig. 9 Chronological alteration in (a)—(f) vertical cross-section and (g)—(1) three-dimensional shape of surfaces and interfaces of

specimen A.
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Fig. 10 Chronological alteration in (a)—(d) vertical cross-section and (e)—(h) three-dimensional shape of surfaces and interfaces of

specimen A.
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Fig. 11 SEM images of polished vertical cross-section of
(a) specimen A and (b) specimen B after fatigue test.
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