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analysis program, Abaqus. The permanent mold casting process was

implemented in the analysis program to configure the optimal process
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conditions. In addition, the deformation pattern generated by heat was analyzed
during the manufacturing process of a product with a thin hollow wall. Because
the product had a thin top and bottom and was deformed through the expansions
of the core and chill, which combined inside during casting, the removal time of
the core had the most significant effect on the deformation. The accuracy was

Thermal deformation analysis reviewed by comparing the simulation deformation results under the optimal
Casting simulation process conditions with the actual measurement results of the prototype.
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Fig. 2 3D CAD model of the pendulum valve and dimension
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Table 1 Material properties of casting parts

GCD500 ACAC SM45C Sand
Young’s
1 2 21
modulus (GPa) 69 7 0 >
Poisson’s ratio 0.28 0.33 0.3 0.3
Expansion —5 _5 _5 _5
coeff. (/°C) 1.12x10 °|2.02x10 °|1.16 X 10 1x10
Densi
ty2 7.1x1077 [ 2.65x107°|7.83x107°[1.5x10°
(kg/mm®)
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Fig. 5 Deformation behavior after core removal
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(a) The initial temperature of mold: 25C

5, Mises

(Avg: 75%)
+1.203e+02
+1.103e+02
+1.002e+02
+9.021e+01
+8.019e+01
+7.017e+01
+6.015e+01
+5.013e+01
+4.011e+01
+3.008e+01
+2.006e+01
+1.004e+01
+2.199e-02

(b) The initial temperature of mold: 350C
Fig. 6 Stress Analysis result according to mold initial temperature
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Table 2 Stress result according to mold open time

Time (sec) 670 200
Stress after mold open (MPa) 453 117.3
Stress after cooling (MPa) 120.3 170
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Table 3 Stress result according to core holding time

Time (sec) 180 500 1000

Stress (MPa) 115.9 120.3 144.7

(c) Core holding time 1000 sec
Fig. 7 Deformation result according to core holding time
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(a) Deflection of the pendulum valve body

(Unit: mm)
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(b) Gap dimension of the pendulum valve body

Fig. 8 Thermal deformation result of pendulum valve
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(b) Gap dimension of the pendulum valve body
Fig. 9 3D measurement result of the pendulum valve
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Table 4 Dimensional comparison and error rate

Gap deformation
(deviation)
Simulation (mm) >1.9 53.1 538 52.7 52.5
(+02) | (+1.4) | (2.1) | (+1.0) | (+0.8)
Prototype (mm) 52.7 54.2 54.5 54.4 53.1
(t1.0) | (+2.5) | (+2.8) | (+2.7) | (+1.4)
Error rate (%) 1.5 2.1 1.2 32 1.2
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