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The Effect of the cooling Rate on Fracture Toughness and
Fatigue Crack Properties of Al-Si-Mg(A356) Alloy Castings

Chang-Joo Kim*, Chung-Keun Kim"**

Abstract

Aluminium alloy castings, which can be not only manufactured in large;. geometrically complex sha-
pes, but also show good mechanical properties in addition to light weight, have kept their potential
use as structures in the field of automotives, industrial machines and aircrafts. The variations of eu-
tecti'\c Si size a great effect on the elongation, impact value, fracture toughness and fatigue crack pro-
pagation rate. without changes in the tensile strength or yield strength.
The cooling curves with the solidification rate between 1.4C /min and 19.1C /min were obtained.
With the increase of solidification rate, DAS, eutectic Si size and grain size were all decreased, which
enhanced the mechanical properties. The tensile strength and yield strength were the most greatly
influenced by DAS, and the elongation and impact value by eutectic Si size.
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Fig.1 Dimension of casting specimens,
(a) metal mold
(b) stepped sand mold
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Fig.2 Dimension of test specimens.
(a) C-T specimen for fracture toughness,
(b) C-T specimen for fatigue crack propagation
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Fig.3 Cooling curves with casting molds,

7te

th, 8Hel St 40THE, 300CEYE,
15mm AR, 30mm AFE, 50mm AF8, 70mm A}
e T2 49 SINAZRE S5 7R F
iy A== SASEE 242y 49.1TC /min,
32¢C /min, 6.7°C /min, 3.7°C /min, 2.0C /min,
1.4C /minQtt. $Aje) 2He Al L&A}
A= AFN 22+ 3557 1.4TC /min
2 74 =" 70mm AFE A 614 CAH =N T

=,

—_—

=

(65M

Ed ZALLEE 70mm AFE A= 570C R
™ A0CcEEAME 67CE YERISIY &
7F 1.4C /mine 2 74 =& 70mm Ao
-39 7o 7R E o ST 71
£ 40T 389 A A 2 FAH-gaAA Y
JIE7t 212 4C, 3CAHEYS & 4 YA
Fig.4= AWA AHE A@HA A S ZH-

S
RS
i

-

2500

O total solidification time
O eutectic solidification timel
<

e

E:
s
- {500 I
8 o
3 .
«+— 1000 | / °
3 o
m e
/o/
0 [ 1 | 1
0 20 40 80 80 100
Thickness (mn)

Fig.4 Effect of material thickness on solidification

time in sand mold.
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Fig.10 Relationship between strength and DAS.
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Fig.12 Relationship between fatigue crack propa-
gation rate, da/dN and stress intensity fac-
tor, K in various casting molds.
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