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Thermo-mechanical fatigue property of a surface-hardened AC4CH cast aluminum alloy

Hiroyuki TODA*, Tetsuya FUKUNAGA*, Masakazu KOBAYASHI*, Kentaro UESUGI**
Toshiro KOBAYASHI*, Toru YAMADA™* Yoshio OOBA™** and Minako KAKIZAKI***

The thermo-mechanical fatigue life and microstructural change under a compression-tension thermo-mechanical cyclic
loading of a surface-hardened Al-Si-Mg alloy casting are investigated. A surface cold working technique using steel balls
is utilized for the surface hardening. Out-of-phase type thermo-mechanical fatigue tests have been performed with the
temperature range of 323-523K and the applied mechanical strain range of 0.75-2.0%. The surface-hardened material
exhibits better thermo-mechanical fatigue property especially in a low cycle regime, together with higher generated
stress, suggesting that it is even superior under stress-controlled loading. The differences in the stress—strain hysteresis
loops and hardness variation near specimen surface between the materials with and without surface hardening have not
vanished until final fracture. The observed difference in the thermo-mechanical property is attributed to some microstruc-
tural differences. The effects of damaging at the silicon particles to this difference are also investigated using the high-res-
olution microtomography technique. It has been clarified by microstructural observations that recovery and recrystalliza-
tion are suppressed in the surface-hardened material. It can be inferred that such thermal stability is attributed to the
multi-axial deformation by a combination of the surface hardening and the thermo-mechanical loading.
(Received October 30, 2007  Accepted February 22, 2008)
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Fig. 1 Optical micrographs of materials SH and NH near
specimen surface. (a) the material SH and (b) the mate-
rial NH.
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Fig. 2 Virtual tomographic slice of surface and its vicinity
in the material SH.
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Fig. 3 Variations in thermo-mechanical fatigue lives with
(a) applied mechanical strain range and (b) generated
stress range at half lifetime.
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Fig. 4 Variations in stress—strain hysteresis loops during
the thermo-mechanical loading in (a) the material SH and
(b) the material NH. Applied mechanical strain was 1.25%
this case.
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in stress—strain hysteresis loops during the thermo-me-
chanical loading. Applied mechanical strain was 1.25% this
case.
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Fig. 6 Tensile stress-strain curves at room temperature
obtained after three hundreds of thermo-mechanical cycles
(Ag,=1.0%) had been applied.
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Fig. 7 Variations of hardness distribution from the speci-
men surface during the thermo-mechanical loading.
Applied mechanical strain was 1.0% this case. (a) the ma-
terial SH and (b) the material NH.

DL RONTHTEEL LKL, IFTE, 2bhn
D 59 SH M 0 BE 7 Hii 25 NH #4 % B0l 2 B 2 #ET 4 %,

%9, Fig. 4 16— 0 FAERFT ) ¥ 2%, %L TFig.
512 DRKA - &/NCSOWW E TOELERT, TDGA

239

100um

Fig. 8 Optical micrographs taken under a polarized light
after etched by means of the Barker’s method, showing
grain structure after thermo-mechanical fatigue fracture
(Ag,=1.0%). (a) the material SH and (b) the material
NH.
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Fig. 9 Inverse pole figure maps obtained by means of the
SEM-EBSP technique after thermo-mechanical fatigue frac-
ture (Ag,=1.25%). (a) the material SH and (b) the mate-
rial NH.
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Fig. 10 Bright field TEM micrographs showing subgrain
boundary and its vicinity after thermo-mechanical fatigue
fracture (Ag,,=1.25%). The arrows indicate dislocations
tangled around precipitate particles. (a) the material SH
and (b) the material NH.
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