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Abstract: Based on the electromagnetic forming process of SA02 aluminum alloy reducer pipe, the influences of coil turns and discharge
voltage on the forming accuracy of reducer pipe were studied by numerical simulation and forming experiments combined with fracture mor-
phology analysis, and the reasons for the performance changes of SA02 aluminum alloy after electromagnetic forming were explored. The re-
sults show that with the increasing of coil turns, the range of magnetic field action increases. When the number of coil turns n is 20, the pipe
fittings could achieve good mold adhesion. As the voltage gradually increases, the combined effect of work hardening and pulse electromag-
netic field leads to increase first and then decrease in the elongation of material. The tensile strength and hardness almost unchange after in-
creasing. When the discharge voltage is 8 kV, the maximum die gap of pipe fittings is 0. 12 mm, which is less than 0.2 mm meeting the
forming requirements. Simultaneously, with the increasing of voltage, the number of ductile dimples on the tensile fracture surface of pipe
fittings gradually decreases. However, when the voltage reaches 8 kV, the number of ductile dimples increases to some extent.

Key words: 5A02 aluminum alloy; electromagnetic forming; reducer pipe; coil turns; discharge voltage; mechanical properties
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Table 1 Element contents of SA02 aluminum alloy
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Fig. 1 True stress-ture strain curve of SA02 aluminum alloy
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Table 2 Main material parameters of SA02 aluminum alloy
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Fig. 2 Finite element model used for simulation

(a) Finite element model
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(b) Geometric dimensions

(¢) Comparison of coils with different turns
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Table 3 Main thermal parameters in simulation

Fig. 3 Current curve used in numerical simulation 2H SR LA/ R/

‘ ‘ (W (-0 (W (kg-T)7) (g em™)
TR 0~250 ps (Y HLIR B oA D5 BLARPE, RIEH 5 505 0,879 s
ABRBAHSARIR (2)~R% (4), F0E L .o o o

SERTIHES R 2l el R ) NS Sy I TR & 2 N G
J T i ol P 2 P L TR R

i = Uﬁexp( — at)sin(wt) (2)

1.3 LBiEE5T%H
S H R OB ALY S 2 HMF-30/213-150, fi%
KAk AER R 192 k], FCHEHEEN 0~30 kV, B

o =R/2L (3)  #M 426 wF, AT 4550 bR T R e BB 3 B 106. 5,
w=1/JLC (4) 213 1426 wk 3£ 3 P44

A TR R B R U NIRRT C
NBIE ARG R R L AE ;L OB BT &
GURSFACRRE; o NEIREG o ARG,

TGS INIE 4 Fr7s, EEAAFE UL
MU, 2B, TR, SCEEAEFNE IR 45, i
IR THR A L PR S A RE U MU 5

B
G

LR
i

BTEAR R

@

®)

K4 B RUOE A T

(a) =HEfERY

(b) ScHliEl

Fig. 4 Die tooling used in electromagnetic forming

(a) Three-dimensional model
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Fig. 5 Nephograms of magnetic induction intensity of pipe fittings with different coil turns at different discharge moments
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Fig. 6 Equivalent plastic strain nephograms of pipe fittings with different coil turns at the same time
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Fig. 7 Simulation results of pipe fittings forming under different

discharge voltages
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Fig. 8 Experimental results of pipe fittings forming under different

discharge voltages

(a) Concrete figure  (b) Diameter-distance curve

(c¢) Forming accuracy at discharge voltage of 8 kV
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(a) Change curve of temperature with time at node G

(b) Temperature distribution nephograms of pipe fittings at =250 ps
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Fig. 11 Equivalent plastic strain and principal stress change curves of pipe fittings under different discharge voltages

(a) Equivalent plastic strain-time
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