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Simulation of electrodeposition process based on
electromagnetic coupling with flow field

WU Meng-hua, LIU Xin-gong, WANG Yuan-gang, JIA Wei-ping

(College of Mechanical Engineering, Dalian University, Dalian 116622, China)

Abstract: The mathematical models of the electromagnetic field and the flow field in process of electrode positions were
established by COMSOL Multiphysics. The simulation analysis of coupling electromagnetic field and flow field was
realized by combining finite element and finite difference. The influences of the magnetic field on the flow field,
distribution of current density, morphology of coating surface, grain size and SiC content were studied. The prediction
and validation were conducted. The results show that the magnetic flux density between the poles is uniform distribution
and the solution appears irregular movement in the parallel magnetic field, and the predictive value of minimum error of
coating thickness is 1.84%. The grain size of coating is refinement with the increase of magnetic flux density. The
magnetic flux density between the poles is stronger, and the solution presents the swirl flow and the flow rate increases
with the magnetic flux density increasing in the vertical magnetic field. It is obtained by XRD analysis that the magnetic
field has no significant impact on the grain orientation in the studied range of magnetic flux density. The SiC content in
the coating increases with the magnetic flux density increasing.
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Fig. 2 Simulation results of electromagnetic fields: (a) Original
magnetic field; (b)Vertical magnetic field; (c) Parallel magnetic
field
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Fig. 6 Distribution of coating thickness on cathode: (a) Distribution map of thickness; (b) Partial enlargement of Fig. 6(a); (c)

Surface roughness of coating in non-magnetic; (d) Surface roughness of coating in parallel magnetic field
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Table 1 Composition of micro-electroforming electrolyte

Composition Concentration/(g'L™")
NiSO,46H,0 300-500
NiCl,-6H,0 5-10
H;BO; 3045
C,H,5sNaSO, 0.1-0.3
SiC 8
Saccharin 2-3

F2 OERLERNERR

Table 2 Levels and factors of orthogonal test

Level A/(A-dm?) B/% T D/W
1 5 10 0.2 180
2 6 20 0.4 240
3 7 30 0.6 300

F 3 EEITIIAE 5 S X Bl
Table 3 Contrast between predicted values and measured

values of coating thickness

Sample Experimental Predicted Relative

value/um value/um error/%
1 101.6 97.5 4.04
2 105.4 108.2 2.66
3 107.5 110.1 242
4 104.8 106.8 1.91
5 107.4 104.6 2.61
6 111.2 109.2 1.84
7 105.2 108.7 3.33
8 109.1 116.3 6.60
9 114.8 119.2 3.83
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