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A Study on the Reduction of Unclamping Time by Design of Experiments

+

Won-Jee Chung*, Young-Duk Cho', Choon-Man Lee”, Dong-Won Jung™™, Tae-Jin Song™"

]r Abstract lﬁ

By the reason of increased demand of high productivity, the researches on manufacturing process and equipments
for reducing cycle time have been made in many directions of a machine tool industries. Especially high productivity
is very important to machining center with high-speed spindle. This paper proposed method of reducing T-T(tool to
tool) time which results in shorter unclamping time. T-T time varies as factors such as a hydraulic system, a drawbar
mass, a flow meter, a disc spring, piston and pipe diameters. In this paper We could find design factors has much
influence on decreasing the unclamping time using DOE(Design of Experiment) and optimized the level of the factors
using AMESim 4.0° and visualNastran 4D". Finally, we have verified improved result of the optimized factors with
initial design.

Key Words : DOE(Design of Experiments), high speed spindle(Z 1< ~%-5), T-T(tool to tool) time, tool clamping(E SHW),
unclamping($1E389), hydraulic circuit(-8-% 3| 2), drawbar(=2-9-8}), visual Nastran 4D, AMESIM 4.0°
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Fig. 2 The unclamping system circuit for AMESim
4.0°
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Fig. 3 The unclamping system circuit for AMESim
4.0®

Table 1 Initial value of factors

NO Ao} A=t Intial value
L | % o= Zojmm) 12

2 ol Z A 7%(mm) 12

3 | c2one dyGke) 3

4 ¥ AE A %(mm) 84

5 9 "*(L/min) 25

6 |OAZ AZY AN/m) 680,000

Table 2 Factors and levels used in experiment

NO A o]l At FED | FE2 3
1 % o] Zo)(mm) 10 12 14

2 sho] L 2 H(mm) 6 12 18

3 <-8t8] Aekkg) 2 3 4

4 HAE 2 7(mm) 64 84 104
5 2251 /min) 10 25 40

6 |t&a3 A3 AF4(N/m)| 480,000 | 680,000 | 680,000
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3 10 6 2 64 4 880,000
4 10 12 3 84 2 480,000
5 10 12 3 84 3 | 680,000
6 10 12 3 84 4 880,000
71 10 18 4 104 2 |480,000
8 10 18 4 104 3 1680,000
91 10 18 4 104 4 |880,000
25 14 18 64 2 480,000
26 14 18 64 680,000
27| 14 18 3 64 4 | 880,000
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Fig. 4 S/N ratio for design variables using MINITAB®
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Fig. 5 Mean ratio for design variables using MINITAB®
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Fig. 7 The displacement of drawbar according to flow
levels
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Fig. 8 The displacement of drawbar according to pipe
diameter levels
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Fig. 9 The displacement of drawbar according to piston
diameter levels
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Fig. 12 The model of unclamping system using visual
Nastran 4D°®
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Fig. 13 The interaction graph of main factors
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