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Abstract: The preparation of frozen sand molds for casting by CNC machining methods is an important basis
for the realization of digital frozen sand green casting. This paper carries out a study on the optimization of
robust parameters for CNC machining of frozen sand profiles at different mesh sizes and different water
contents, to obtain the combination of cutting process parameters that has the least impact on dimensional
accuracy. The dimensional accuracy of CNC machined frozen sand molds is more stable when the cutting
speed is 188 m/min, the feed rate is 120 mm/s, the depth of cut is 3 mm and the cutting width is 8 mm.
Research on optimization of parameters of multi-parameter coupled sand removal process for frozen sand type
is carried out. Taking the sand discharge rate as an index, the influence laws of flow rate, target distance,

pitch angle and caliber on the sand discharge effect under conditions of different cavity three-dimensional size
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are analyzed, and the combination of sand discharge process parameters is optimized. The flow rate is 30 1./

min, target distance is 45 mm, pitch angle is 65°, and caliber is 2 mm. Coupled with the mechanical

properties of frozen sand mold and sand discharge requirements, the optimized molding parameters are

100 mesh raw sand and 4% (mass fraction) water content. Through the test optimization, a complete frozen

sand CNC machining sand discharge process parameter window can be obtained, thus achieving high

precision and high efficiency of frozen sand CNC machining forming.

Key words: frozen sand mold; sand discharge process; orthogonal test; parameter optimization; sand

discharge effect
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Fig.2 Instrumentation for sand mold property analysis
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Table 1 Selection of controlled process parameters

CIEZTSES 1K 2KF 3KF
A:PIHI R o/(memin™') 125 188 251
B ¥4 B f/(mmes ") 80 100 120
C: IR a,/mm 2 3 4
D: UIHI 98 B a./mm 6 8 10
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Table 2 Noise factors and variation ranges
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Table 3 Orthogonal factor levels of process parameters

Ar (ﬁ%ﬁg o Wﬁq )a/ el
1 10(A1) 45(B1) 55(C1) 2(D1)
2 20(A2) 60(B2) 65(C2) 3(D2)
3 30(A3) 75(B3) 75(C3) 4(D3)
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Table 4 Orthogonal test layout

F5 q d a @
1 Al Bl C1 D1
2 Al B2 C3 D2
3 Al B3 C2 D4
4 A2 Bl C3 D4
5 A2 B2 C2 D1
6 A2 B3 C1l D2
7 A3 Bl C2 D2
8 A3 B2 C1 D4
9 A3 B3 C3 D1
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Fig.5 Sand mold mechanical strength testing
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Table 5 Analysis of test results

A B: C: D:

B s/ v s/ e/ O

i (m'min ") (mmes ')  mm mm dB
1 1 1 1 1 49.340
2 1 2 3 2 49.546
3 1 3 2 3 49.656
4 2 1 3 3 49.480
5 2 2 2 1 49.344
6 2 3 1 2 49.424
7 3 1 2 2 49.382
8 3 2 1 3 49.380
9 3 3 3 1 49.474
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Fig.6 Main effect plot for robust parameter design
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cavity aspect ratios
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cavity depths
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Hv A B WA HAe R/ %
1 Al B1 Cl D1 86.432
2 Al B2 C3 D2 66.259
3 Al B3 c2 D4 69.492
4 A2 B1 C3 D4 80.438
5 A2 B2 c2 D1 99.396
6 A2 B3 Cl D2 81.245
7 A3 B1 c2 D2 99.957
8 A3 B2 C1 D4 94.442
9 A3 B3 C3 D1 99.974
3 74.061 88.942 87.373 95.267
k, 87.027 86.699 89.615 82.487
ks 98.124 83.570 82.224 81.457
R 24.063 5.372  7.391 13.810
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