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ABSTRACT: The work aims to improve production quality of electrotyping free-standing diamond-nickel composite film, de-
velop an improved response surface model and optimize multi-response parameters of electroforming process. Deposition
process parameters of the electrotyping free-standing diamond - nickel composite film were regarded as object of study. On the
basis of stepwise regression, regression model between factors and responses was built in response surface method. Its merits
and demerits were explained, analyzed and inspected in the method of experimental design. Then, comprehensive regression
model was obtained with response predict ability index as weight. Multi-response parameters optimization was converted to a

single-response parameter optimization to make parameter optimization results preferentially optimize responses with strong
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predictive ability and improve overall optimization effects of process parameters. Finally, optimal parameter combination was

searched in certain range in a constrained minimization function method with the comprehensive regression model as objective

function, and the orientation of parameter improvement was given. The optimal parameter combination turned to be: diamond

content of 16 g/L, cathode current density of 0.6 A/dm” and deposition time of 1.5 h. The orientation of parameter improvement

was given in the method of experiment design: additional experiment designs shall be performed in the area where diamond

content was =16 g/L, cathode current density <0.6 A/dm* and deposition time < 1.5 h to get more optimal parameter com-

bination. Quality tools, quality improvement method and statistical analysis method being applied to material preparation

process can improve effectiveness of optimal process parameter selection, reduce the blindness of experiment design and

achieve the possibility of a overall optimal parameters.

KEY WORDS: multi-response parameters optimization; response surface method; free-standing diamond-nickel composite

film; electrotyping; experiment design; constrained minimization function method
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Tab.1 The orthogonal experiment data

Trial Factor Respond

n0. /(gL xp/(Adm™)  x3/h  p/(x10mm)  y,
1 12 0.6 2 0.22 0.2
2 14 0.6 1.5 0.17 0.2
3 16 0.6 2.5 0.27 0.2
4 12 1 1.5 0.28 0.4
5 14 1 2.5 0.42 0.4
6 16 1 2 0.32 0.2
7 12 1.4 2.5 0.44 0.6
8 14 1.4 2 0.4 0.6
9 16 1.4 1.5 0.32 0.4
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Tab.3 Regression analysis
Y1 V2
DOF SS MS F P DOF SS MS F P
Regression 1 0.062 0.062 83.28 0.000 2 0.201 0.100 27.87 0.001

Residual error 7 0.005 0.001 6 0.022 0.004

Total 8 0.067 8 0.222
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Fig.3 Main effect diagram of y,
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Fig.5 Straight-line diagram between y; with x, and x3
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Fig.6 Straight-line diagram between y, with x; and x,
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