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On the Measurement of Residual Stresses
in Aluminum Alloy Casting Parts

Su-Dong Moon, Chai-Hwan Kim, and Shinill Kang
Abstract

One of the main causes of unwanted dimensional changes in precision metal mold casting
parts is excessive and irregular residual stresses induced by temperature gradients and plastic
deformation in the solidifying shell. Residual stresses can also cause stress cracking, and lower
the fatigue life and fracture strength of the casting parts. In the present study, aluminum alloy
casting system with metal mold equipped with electrical heating elements and water cooling
units was designed and the casting specimens were produced to quantify the effects of different
cooling conditions on the development of residual stresses. The layer removal method was used
to measure the biaxial residual stresses in casting specimens produced from the experiments.
The experimental results agreed with Tien-Richmond’s theoretical model for thermal stress
development for the solidifying metal plate.

Key Words: Metal Mold Casting(s#853), Residual Stresses(Z#-& %), Layver Removal
Technique( 28 % A} 719, Aluminum Alloy Casting{& %95 &35 F2)
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Table 1 Material properties of casting material.

319.0 (ASTM Standard - KS, JIS : AC2B)

Liquidus temperature : 605
Solidus temperature : 5157
Young’s Modulus E  : 74 GPa
Poisson’s Ratio v : 033

Cooling
Control
Valves

Elements
®12x%10

Fig. 1 A schematic of experimental apparatus.
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Fig. 2 A schematic of the casting part and the

specimen.

od71M b x W] FE, zE 27 ZUE7
Ao FA, 22 FHAFY T4, Ex @4AF
o™ v ¥obgulolrh

23 EHEM Ao o/E 35 SHYHY

Azd AbpE e FEAM Fig. 29 2ol Z
o] 50mm, & 10mm, ¥7 27mm¢ AHE A3
Stk AARAF PPYANE 22t Q3o
FHFE HAsA77] st ARHGeE A&

sawing machines AF&3t¥TH FHE RO A
BE 2AA77] g8 4 AU A4t
HaAA A dAdzge] EAE AA %

Ha A A 2} 7 o]

A % £ 2% g

A= 3

A=4

At
futn)z) PEE AH
dlo] d F profile projectorg Ab&3te] A
< S olsh 2 ez ) 7
2 7 &g Al FAe AebH
0.104mm# 13312 o] ubEslgc)

g2l

=0

5 =

=
=

jo of

; ©
X
)
B
o
o)
2
k)
L)

107 0.10
81 — " Stress
61 — Curvature 40.08
— =4
g4 £
3 zﬁ?H\iﬁ\S 0.06 g
- =4
20 0.04 3
e -2 2
&N 41 § 5
61 0.02 3
-8 0.00
-10 T T T T
0.0 02 0.4 0.6 0.8 1.0
z/h

Fig. 3 Distributions of the calculated residual stress
and the measured curvature (Air cooling).
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Fig. 4 Distributions of the calculated residual stress
and the measured curvature (Water cooling).

A 24 FAsq

EAS7] o8l A2
Rttt Table 29 A 7} A
@ SAMges 4% $Yg

SN T B o 2 S gl

HEA el ddigtol 743
ol AWM 71 Weol Wl
£ EH2 FAHAMRE a9

A 17A L] fi2elA 7 FAHJonR §
7‘35‘]9] o] ddighe SHEX Hiex
Fd & A0 wEgA 2 dge 34
Huo 047MPa2| Hd o g LHSET‘S]r
zltﬂg‘i*}%}ﬂ A i I R s =
7—1]*\_}1}2"’1]’\1 SAEE LAt
'}/?]*](2

2=
=

%=

3
s

S R ER P
thepin
SRS

)

diolei et HAzEw

(least square method)S o] &3t 4z 3=
sle] ER LT}

fitting¥ &S vl

gl A W EzAd wE AFgHN} gt
FHogts RS AR vaEy

Alfe]l ZEHoME &89 A3 FA9
e H o2 WAste] W4 o]

Wit sate] gkl o}k 0.5MPa o)

I7F ¥la A EA ol Fox| =

Fig.

__'

-105-

Table 2 The measured stress values and their
integration for the specimens from three
different

identical processing conditions

casting parts produced from

z/h O(Zi/h), U(Zi/h)” O(Z.'/h)m
1 4.8083MPa  4.7335MPa 4.9604MPa
0.92 4.9732 4.8666 5.1604
0.85 4.8195 4.6916 5.0172
0.77 4.3496 4.2120 4.5328
0.69 3.5811 34464 3.7268
0.62 2.5472 2.4280 2.6363
0.54 1.2968 1.2049 1.3157
0.46 -0.1062 -0.1599 -0.1631
0.39 -1.5820 -1.1589 -1.7107
0.31 -3.0355 -2.9890 -3.2202
0.23 -4.3561 -4.2532 -4.5675
0.15 -5.4177 -5.2591 -5.6108
0.08 -6.0788 -5.8695 -6.1909
0 -6.1824 -5.9326 -6.1313
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Fig. 5 Experimental curvature and curvature
function fitting line.
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Fig. 6 Bar graph of the maximum tensile stresses
and the maximum compressive stress on
cooling conditions.
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