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On the Measurement of Residual Stresses in Aluminum Alloy Parts
Fabricated by Precision Metal Mold Casting
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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 mode! for thermal stress development for the solidifying metal plate.
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Table 1 Material properties of casting material.
319.0 (ASTM Standard - KS, JIS : AC2B)

Liquidus temperature : 6057
Solidus temperature : 515T
Young's Modulus E  : 74 GPa

Poisson’s Ratio v : 033
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Fig. 2 A schematic drawing of experimental
apparatus.
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thermocouple, heating elements, and cooling
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components of residual stress.
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Fig. 6 A schematic of the casting part and the
specimen.
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cavity wall (Case 1: Air cooling).
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Table 2 The measured stress values and their
integration for the specimens from
three different casting parts produced

from identical processing conditions.

oh o zidh), o zdh), oz,

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 3.4464 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 -54177 -5.2591 -5.6108
0.08 -6.0788 -5.8695 -6.1909

0 -6.1824 -5.9326 -6.1313

210( z;/h) -03829MPa  -04689MPa  -0.2450MPa

Table 3 Polynomial regression for curvature data.

Polynomials

R-Square SD
order
3 0.98115 0.0035
4 0.98991 0.0027
5 0.99156 0.00262
6 0.992 0.00273
0.10

B Experiment
Function fitting
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Fig. 11 Experimental curvature and curvature
function fitting line.
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