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Analysis of Impact Behavior of Al-Alloy Castings Considering Internal Defects
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Abstract: In general, internal defects, such as shrinkage in casting, cause stress concentration and can be a
starting point for cracks. Therefore, it is important to understand the effects of internal defects on the
mechanical properties including the impact behavior. This study aim is to evaluate the effects of internal
casting defects on the impact performance of Al-alloy castings. Both an experimental method and
computational analysis were used to achieve the research objective. The internal defects in the casting were
scanned using an industrial CT scanner, and their shape was simplified using ellipsoidal primitives for impact
analysis. The good agreement between the experimental and computer simulation results verified the reliability
of the proposed computational method for the FEA of casting components with internal defects.

§ o] =i 20124% e |AIER] CAE 2 &893 FA
=t3)2012. 5. 10-12, A FHZzoldAE) M=

* Corresponding Author, vlvwlw@kitech.re.kr

© 2012 The Korean Society of Mechanical Engineers

LM E w2 AHGW3= Fig. 13 2ol AE o uF
A%S UxsA ®rh o)z Qi vRE S
T AT Wl QR FEE sl HE nla] A et Heks gl ¢t}
°f | & glen] HAR L ARAE A8l Qo FhHe w2y 3 F20 AolA]
TFsdtrle] e Az W] HE ulS AR A 17 A7) wEe] AEe d HBomA MAS
oz gl stk Fxo) Fo BEE Y td FALAE U9 FL® At Av AR
of 91 Ak, AFASE, ¥W HEo dig 8 ol Wl =AZEs) chekat) kA ul R As
TEROL WEE AFS WS ol B o] EAshs A% FAZEE dA9 AsEE
EF ehtE gmmbgeld wAss $uadel  Adle] Huy ohAsiths Bbshs 2 oy
@ sl
g
@|




1600 =4 5

J

Fig. 1 Internal defects (Macroshrinkage)
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Fig. 2 The shape and dimension of specimen for
Impact test
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Fig. 3 CT images of Impact test specimen including
internal defects(Size of #3 : 2.1 mm, #4 : 34
mm, #5 : 4.8 mm, #6 : 8.4 mm)
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Fig. 4 Instron Dynatup® Impact Test Machine

(b) ITS#04

(d) ITS#06

(a) ITS#03

(c) ITS#05
Fig. 5 Shape simplification of defects
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Fig. 7 Mesh view of ITS#03 Model
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Table 1 Material parameters of A356-T6

Young's Modulus 70 GPa
Poisson's Ratio 0.3
Yield Strength (0.2%) 220 MPa
Ultimate Strength 275 MPa
en 0.44
er 1494.0
ky 8.63
er 0.35
&y 1.2
kg 0.3
*Material parameters were assumed as strain-rate
independent
ey, €7 : Equivalent plastic strain in equibiaxial

tension/compression at ductile fracture
k, : material parameter in ductile fracture curve

+
s

&

&, : Equivalent plastic strain in equibiaxial

tension/compression at shear fracture

k

s -

: material parameter in shear fracture curve
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e% : Equivalent plastic strain at onset of fracture
N

n', n : Stress triaxiality in equibiaxial tension/
compression at ductile fracture

07, 0, : Shear stress parameter for equibiaxial

tension/ compression

(b) Impacted specimen ITS#04

(¢) Impacted specimen ITS#06

Fig. 8 Fractured surfaces of specimens after test
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Table 2 Results of Impact Test
E Impact

Model No. nerey P

Absorbed(J) | Toughness (J/cm?)

ITS#01(#02) 113.29 50.35
ITS#03 105.54 47.64
ITS#04 86.32 39.98
ITS#05 64.42 31.13
ITS#06 48.04 28.32

(b) Specimen underwent bending deformation

(c) Damage initiation and evolution in specimen

Fig. 9 Impact Test Process

Experimental Impact Energy-Time History
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Fig. 10 Curves of impact energy along time



(a) ITS#01 Specimen
(Time=0.00245s,Velocity 2.01m/s)

(b) ITS#03 Specimen
(Time=0.0020s, 2.15m/s)

Fig. 11 Results of impact simulation(Damages initiates
in models)
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Table 3 Results of impact simulation

Model No. Abnglggg(J) Toughlnrggs C(tJ/cmz)

ITSHOL(#02) | 11685 51.93
ITS#03 107.53 48.54
ITSH04 94.24 43.64
ITS#05 70.86 3425
ITS#06 53.67 31.64

(a) ITS#01 Specimen
(time=0.025s, 1.06m/s)

(b) ITS#03 Specimen
(time=0.021s, 1.25m/s)

Fig. 12 Results of impact simulation(Model totally
broken)
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v, : Instantaneous velocity
o © Initial velocity
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Table 4 Results of Experiment and Computation

Model Energy Absorbed(J)

No. Experiment | Computation le%)z/ze):nce
ITS#01

113.29 116.85 3.14

(#02)

ITS#03 105.54 107.53 1.89
ITS#04 86.32 94.24 9.18
ITS#05 64.42 70.86 10.00
ITS#06 48.04 53.67 11.72
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