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Design of ceramics powder compaction process parameters (Part 11 : Opti-
mization)
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Abstract In this study, the process parameters in ceramics powder compaction are optimized for getting high relative
densities of ceramic products. To find optimized parameters, the anaytic models of powder compaction are firstly prepared
by 2-dimensiona rod arrays with random green densities using a quasi-random multiparticle array. Then, using finite
element method, the changes in relative densities are analyzed by varying the size of Al,O, particle, the amplitude of cyclic
compaction, and the coefficient of friction, which influence the reative density in cyclic compactions. After the andytic
function of relative density associated process parameters are formulated by aid of the response surface method, the optimal
conditions in powder compaction process are found by the grid search method. When the particle size of AlLO; is 22.5um,
the optima parameters for the amplitude of cyclic compaction and the coefficient of friction are 75MPa and 0.1103,
respectively. The maximum relative density is 0.9390.
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Table 1
Factors and levels for experimenta design

Factor Coded variable

-1level Olevd 1leve

Naturd &, AlO,Paticesze[pum] 75 15 225
variables &, Pressure amplitude [MPa 125 100 75
&, Friction coefficient 01 0.3 05

Factor name




pressure
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Model 1

Model 3

Fig. 1. FE mesh of rod array model for powder compaction simulation.

Number of cycles

time

Fig. 2. Schematic diagram of the cyclic pressure.
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Fig. 3. Formed shape and Principal stress obtained from process simulation no. 1.
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Fig. 4. Formed shape and Principa stress obtained from process simulation no. 14.

1 cycle

100 cycle

1000 cycle

Fig. 5. Formed shape and Principa stress obtained from process simulation no. 27.
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Table 2 Table 3
Three-way factorid design and experimental result Analysis of variance for the regression model
Simulation Naturd varigbles Coded variables Response Sourceof  Degreeof  Sum of Mean F
1 0
No. 1 2 B xd 2 3y vanance- freedom squares squares
1 75 125 01 -1 -1 -1 02397 Regresson 9 0.118352 0.01315 204.43
Error 17 109E-07  6.43E-09
2 75 125 03 -1 -1 O 0.2389 Tota %6 0.118352
3 75 125 05 -1 -1 1 02315 ° ;
4 75 100 01 -1 O -1 03121
5 75 100 03 -1 O 0 0.3108 Table 4
6 75 100 05 -1 O 1 0.3027 Optimized functional parameters
7 75 7 01 -1 1 -1 0384
F N
8 75 75 03 -1 1 0 0383 actor . Coded values Natura values
9 75 75 05 -1 1 1 03743 AlLO; particle size x1 -1 {1 225um
10 15 125 01 O -1 -1 01642 Amplitude of cyclic compaction x2 1 (2 75MPa
11 15 125 03 0 -1 0 0.164 Coefficient of friction x3 -0.9485 (3 0.1103
12 15 125 05 0 -1 1 01572 Relative density y 03850 0.9390
13 15 100 01 0O 0 -1 02189
14 15 100 03 O 0 0 0.2181
15 15 100 05 0 0 1 0211 W Waleke) 2A ST, vRRAG} Holdel ut
16 15 75 01 O 1 -1 02739 -
2 o] —1ahH = A : Hileke ¥ Ty
17 5 75 03 0 1 0 02725 Hose) 1) L}E}Ltt g Mshds . =
18 5 75 05 0 1 1 02645 U TSR] ¢ttt ol 534S SiME & S ot
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Fig. 6. Response surface model and contour map for x1 and x2.
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Fig. 8. Response surface model and contour map for x2 and x3.
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