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Forming equation about multivariate mixed metal
powder by electromagnetic compaction

GAO Ge', HU Jian-hua', CHENG Cheng', WU Xuan', ZHANG Da’

(1. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. Wuhan Sunny Strip Processing Technology Engineering Co., Ltd., Engineering Management, Wuhan 430074, China)

Abstract: The multivariate mixed Ag-Cu-Zn-Sn metal powder used in the preparation of cadmium-free silver-based
intermediate temperature filler metal was investigated. The relationships among pressed compact density and the pressing
pressure, pressing modulus and suppression rate were explored. Through the combination of theoretical analysis,
experiments and software fitting curve research methods, the high rate pressure type equations under the conditions of
electromagnetic compaction were built. A mathematical model and corresponding parameters for numerical analysis of
electromagnetic compaction process are provided, the accuracy and reliability of the numerical simulation are improved.
The results provide theoretical value and practical significance of engineering for designing the electromagnetic
compaction process of the multivariate mixed metal powder in the Ag-Cu-Zn-Sn system.
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Table 1 Chemical compositions of BAg45CuZnSn powder

Mass fraction/%
Alloy No.
Ag Cu Zn Sn
Bl 44 28 25 3
B2 45 27 25 3
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Table 2 Main discharge parameters of electromagnetic forming

machine WG-III

Maximum Capacitance/ Rated  Discharge angle
stored energy/kJ uF voltage/V  frequency/kHz
18.368 14350 1600 2.248
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Fig. 1  Low voltage electromagnetic compaction test
installation diagram: 1—Nut; 2—Flat coil; 3—Amplifier; 4—
Shim; 5—Lower fixed plate; 6—Cushion block; 7—Blank; 8—

Die; 9—Punch; 10—Driving plate; 11—Upper fixed plate
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9.0 | (a) Table 3 Density of pressed compact with different voltages
Calculation value and capacitances
Regression curve Density/(g-cm )
8.0k Voltage/V
d 8200uF 10250pF 12300pF
) 600 6.463 6.658 6.737
70k 700 6.754 7.218 6.811
800 7.249 7.445 7.013
900 7.538 7.701 7.331
6.0r ;. , , , , 1000 7.661 7.866 7.570
-04 -0.2 0 0.2 0.4 0.6
lg(In g) 1100 7.775 8.005 7.878
9.0 1200 8.094 8.108 8.046
b
®) 1300 8.334 8.226 7.938
Calculation value
g0k Regression curve _ . .
. x4 AR RS20 A2 07 7
. Table 4 Regression line equation through regression
=]
- analysis with different voltages
7.0
Voltage/V Regression line equation
600 In(c—Meg")=3.94605+1.775721In &
60F 7 700 In(o — Mé") =25.55616—0.562791n &
06 04 <02 0 02 04 800 In(c — Me") = 42.27604—2.334781In &
lg(Ine) 900 In(o — Me™) = 47.62404 — 2.875811n &
2 AFEESI 1gF 5 1g(lne)ff) % & 1000 In(o — Me") = 36.40041-1.67633In &
Fig. 2 Relationship between IgF and lg(lng) at different 1100 In(o — Ms") = 12.62068 + 0.80841n &
pressures: (a) 50 kN; (b) 80 kN 1200 In(o — Me") = —139.15647 +16.44027 In &
1300 In(c—Me")=170.88899—15.51115In¢&
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Table 5 Analysis blank of pressed compact error
Component Voltage/V Capacitance/pF Actual density/(g-cm °) Calculated density/(g-cm ) Error/%
Bl 1100 10250 7.878 8.831 12.1
Bl 1100 12300 8.005 8.793 9.84
Bl 1300 8200 8.334 8.820 5.83
B2 1100 12300 8.012 8.845 10.4
B2 1300 8200 8.306 8.833 6.34
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