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A Study on Design of Micro Stage using Design of Experiment

S. D. Ye(Mech. Eng. Dept., DEU), J. H. Jeong(Mech. Eng. Dept., DEU), J. K. Lee(Mech. Eng. Dept., DEU),
B. H. Min{(Mech. Eng., DEU)

ABSTRACT

The object of this study was to design of micro stage, which is one of the equipments embodied in ultra

precision positioning mechanism. Design factors for micro stage were decided a roundness of hinge, a thickness of

hinge, a thickness of stage, a length of arms and a clearance of division. To obtain the 1%

natural frequency and

equivalent stresses, FEM simulation was performed using the table of orthogonal arrays and Taguchi method was

used to determine the optimal design parameters. As results of this study, the size of Ist natural frequency and

equivalent stresses on micro stage was influenced significantly by a thickness of hinge and a length of arm.
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Fig. 1 Kinematic diagram and flexure mechanism
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Fig. 2 Parameters on the dimension of flexure hinge
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Table 1 Material properties of aluminum

Aluminum6061t  Té651

Modulus of  Poisson’s Yield Strength  Density

Elasticity [MPa]  Ratio [MPa] kg ny
68.9¢e3 0.33 276 2700
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Table 2 Control factors and their levels

A3
O Z Table 33 Zo] %
= ol G H (LG NE

Level [as
Control factors eve“ Lo -
1 2 3
Radius of hinge(R) 1 1.5 2
Thickness of
. 03 0.6 0.9
hinge(T)
Thickness of
10 20 30
stage(B)
Armm 1(L_1) 15 20 25
Arm(L_2) 50 60 70
Clearance(C) 0.25 0.5 0.75

Table 3 Table of orthogonal arrays for simulation

Order R T B L1 L2 C
1 1 1 1 1 1 ]
2 1 1 1 1 2 2
3 1 1 1 1 3 3
4 1 2 2 2 ] 1
5 1 2 2 2 2 2
6 1 2 2 2 3 3
7 1 3 3 3 1 1
8 1 3 3 3 2 2
9 1 3 3 3 3 3
0 2 ] 2 3 1 2
11 2 1 2 3 2 3
12 2 1 2 3 3 1
13 2 2 3 1 1 2
4 2 2 3 1 2 3
15 2 2 3 1 3 i
16 2 3 1 2 i 2
17 2 3 1 2 2 3
18 2 3 1 2 3 1
19 3 1 3 2 1 3

20 3 1 3 2 2 i
21 3 1 3 2 3 2
2 3 2 1 3 i 3
23 3 2 1 3 2 1
24 3 2 1 3 3 2
25 3 3 2 1 1 3
26 3 3 2 1 2 1
27 3 3 2 ] 3 2
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Table 4 Results of FEM simulation

Reaction
Order 1st Frequency[Hz] Stress[MPa]

- . force[N]

1 148.59 11.64 -1.11

2 148.52 11.46 -1.11

3 148.43 11.22 -1.11

4 226.91 10.34 -5.82

5 222.62 10.17 -5.64

6 219.14 9.70 -5.42

7 267.96 9.32 -13.43

8 262.80 9.27 -12.99

9 259.07 9.43 -12.45

10 78.06 5.60 -0.74

11 78.04 5.52 -0.74

12 75.37 5.70 -0.73

13 306.63 12.40 -14.41

14 306.73 11.97 -14.29

15 297.46 11.77 -14.45

16 335.81 10.06 -6.42

17 331.78 10.20 -6.23

18 325.10 10.05 -6.40

19 102.66 5.81 -1.74

20 94.75 5.75 -1.58

21 93.47 593 -1.53

22 162.40 6.64 -1.59

23 158.18 7.00 -1.60

24 162.33 6.97 -1.70

25 461.32 11.83 -21.52

26 449.67 12.04 -21.86

27 448.67 11.76 -22.01
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Fig. 3 Main effect from plots of‘ S/N ratios
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