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High Speed Machining of the thin surface parts using liquid metal and selection of
machining condition by Latin Square Method

Pyo Lim*, Hi Koan Lee’, Gyun Eui Yang™

{ Abstract JL

The rapid macnining of prototypes plays an important role in product process. Rapid Prototyping(RP) is the widespread
technology to produce prototype. But, it have many problems such as shrinkage, deformation and formation occurred by
hardening of resin and stair shaping. On the contrary, high speed machining(HSM) technology has many advantages such
as good quality, low cost and rapid machining time. Moreover, it is possible to use the material of original product.

This paper presents manufacture of trial product by HSM and optimization of machining condition for high productivity
in the view of manufacturing time and average error. For example, propeller is machined by the surface machining of
thin surface parts. Experiments are designed of machining conditions by Latin Square method and machining condition
is optimized and selected by ANOVA
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Table 2 Experimental design for Latin Square

Experiments No Experimental condition
1 A, B, C,

A, B, C,

A, B; C,

A, B, C,
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Fig. 1 Propeller model of 5 blades
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Fig. 2 Uncut in machining of blade

Fig. 3 Definition of parting surfaces using upper surfaces
and blend surfaces of blade
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Fig. 4 VMC with spindle speeder
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Table 3 Chemical composition of weiguss LM 70

Chemical composition Bi/Pb/Sn/Cd
Melting point 70C
Specific gravity 9.95
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Fig. 5 Set-up method with liquid metal

Fig. 6 a finished propeller prototype by HSM
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Table 4 Factors and levels for finishing process

Factor Spindle Feed Pass interval
&Sign|  (pm) (mVmin) (mm)
Level A B ¢
1 16,000 200 0.2
2 24,000 300 0.4
3 32,000 400 0.6
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Table 5 Manufacturing time array by Latin Square

Experiments Machining condition total time
No A B C (min)
1 16,000 200 0.2 2445
2 16,000 300 04 142.3
3 16,000 400 0.6 118.5
4 24,000 200 0.4 168.1
5 24,000 300 0.6 127.6
6 24,000 400 0.2 177.6
7 32,000 200 0.6 146.0
) 32,000 300 0.2 193.3
9 32,000 400 04 129.5

7t A 9 713 898 S48 214 Table
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Table 6 Analysis of variance table for total time

S (] v F P
A 48.5 2 243 098 | 0505
B 2207.5 2| 1103.8 | 44.61 0.022
C 7532.9 2| 37664 | 15222 0.007
Ermror 49.5 2 247
Total | 9838.4 8
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Fig. 7 Main effect of factors for total time
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Table 7 Average error array by Latin Square

Experiments No Average error
0.05528
0.08125
0.09330
0.07009
0.08215
0.06074
0.07981
0.05204

0.07913
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Fig. 8 Error analysis on surface by HSM
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Table 8 Analysis of variance table for average error

S [} v F P
A 0.0000715 2 0.0000357 9.28 | 0.097
B 0.0001337 2 0.0000668 17.36 | 0.054
C 0.0013459 2 0.0006730 | 174.77 | 0.006
Error 0.0000077 2 0.0000039
Total 0.0015588 8
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Fig. 10 Main effect plot of factors for average error
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