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Ansys Simulation and Optimization of Electroforming Uniformity of
Double Micro Gear Insert Block
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ABSTRACT: Objective To improve the electroforming uniformity of double micro gear die cavity inserts in the process of electro-
forming. Methods First of all, the electric field intensity distribution on the double micro gear cavity inserts in the electroforming
process was simulated with Ansys, and the method of applying insulating baffle was proved to be feasible. Second, the effects of in-
sulating baffle geometry and position size on the electric field intensity was investigated using the orthogonal experiment method. Fi-
nally, the application of grey theory was used in finding the optimal combination of process parameters. Results Ansys simulation
results showed that the application of insulating baffle under certain conditions could increase the uniformity and evenness of the
thickness of photoresist electroforming layer. The relative error of path a was reduced from 62.48% to 33.18% . The relative error
of path b was reduced from 48.01% to 8.91% . Conclusion By applying insulating baffle, the uniformity of the cast layer was im-
proved during the electroforming process of double micro gear die cavity inserts.
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Fig. 1 The finite element model
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Fig. 3 Mold cavity optical microscope
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Tab. 1 Resistivity parameters of the materials

e HBEZE/(V-m™)
LB 0.66
FHAR AR ( Ni) 6.84x107
[ (1TO) 5%107°
Sz 1x10"
2 L PR 1x10"
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Fig.5 Schematic diagram of grid division
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Fig. 6 Ansys simulation of the electric field distribution (without
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Tab. 2 Experimental parameters and levels

% H/mm d/mm D/mm t/mm
K1 0.34 0.60 1.50 0.60
K2 0.36 0.72 1.60 0.80
K3 0.38 0. 84 1.70 1.00
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Tab.3 The orthogonal experiment scheme and simula-

tion results

FXTIRZE / %

.
e BiEa B D
1 1 1 1 1 47.15 12.45
2 1 2 2 2 43.79 11.53
3 1 3 3 3 37.97 16.76
4 2 1 2 3 33.18 17.82
5 2 2 3 1 47.05 8.91
6 2 3 1 2 43. 64 13.02
7 3 1 3 2 35.86 10. 81
8 3 2 1 3 45.31 18.74
9 3 3 2 1 43.06 13.00
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Fig. 7 Trend chart of levels and factors (relative error of path a)
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Fig. 8 Trend chart of levels and factors (Relative error of path b)
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Tab.4 The optimal sequence of factors

mm
iz H d D ¢
a 0.36 0.60 1.60 1.00
b 0.36 0.72 1.70 0.60
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Tab. 5 Initial value transformation of factor sequences

SES SEN ] AR

H (0.34,0.36,0.38)  (0.94,1.00,0.95)
d (0.60,0.72,0.84)  (1.00,0.83,0.71)
D (1.50,1.60,1.70)  (0.9375,1.00,0.94)

l (0.60,0.80,1.00) (0.60,0.80,1.00)
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Tab. 6 Correlation coefficient and correlation degree of

path a
ue TR A EHRAL A

H d D 0 KR HE
1 0.333 1.000 0.333 0.333 0. 5000
2 0.333 0.460 1.000 0.500 0.5734
3 0.333 0.333 0.342 1.000 0.5023
4 1.000 1.000 1.000 1.000 1.0000
5 1.000 0.460 0.342 0.333 0.5340
6 1.000 0.333 0.333 0.500 0.5417
7 0.375 1.000 0.342 0.500 0.5544
8 0.375 0.460 0.333 1.000 0.5422
9 0.375 0.333 1.000 0.333 0.5104
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Tab.7 Correlation coefficient and correlation degree of

path b
g TR A EHRAL RE,

H d D t RIREE
1 0.333 0.333 0.333 1.000 0. 5000
2 0.333 1.000 0.500 0.444 0.5694
3 0.333 0.378 1.000 0.333 0.5111
4 1.000 0.333 0.500 0.333 0.5417
5 1.000 1.000 1.000 1.000 1.0000
6 1.000 0.378 0.333 0.444 0.5389
7 0.375 0.333 1.000 0.444 0.5382
8 0.375 1.000 0.333 0.333 0.5104
9 0.375 0.378 0.500 1.000 0.5632
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Tab. 8 Average gray relational degree ( difference
weight)

H TR AR JEE H TR CHR

1 0. 5000 6 0. 5406

2 0.5718 7 0.5479

3 0.5058 8 0.5295

4 0.8167 9 0.5315

5 0.7204

L, 56 4 ik N R T 2S5, K 9
FiR .

K9 PR BN
Fig. 9 Baffle sketch map
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Fig. 10 Ansys electric field distribution of the optimal combina-

tion of process parameters
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Fig. 11 Surface morphology of cavity after applying insulating
baffle
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