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Numerical simulation of electromagnetic constriction of
aluminum/'steel bimetallic tube
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Abstract; The finite element numerical simulation of the coupled structure-electromagnetic fields was carried out
based on LS-Dyna platform for the electromagnetic constriction process of aluminum/steel bimetallic tube, aiming to
guide actual precision forming process of bimetallic tube. The influences of the inner and outer tube wall thickness
ratio, the inner and outer tube gap, discharge voltage, and elastic mandrel on forming quality were studied. Results
show that small wall thickness ratio caused the weak connection of the tubes, while large wall thickness ratio led to
the depression of the inner tube and the crack of the outer tube. As the discharge voltage increased or the distance
between two tubes decreased, the constriction impact force of the outer tube was increased, which resulted in a
drastic increase in the circumferential stress of inner tube and the occurrence of instability and wrinkling, as well as
the crack of the outer tube. On the contrary, with the discharge voltage decreased or the distance between the two
tubes increased, the constriction impact force of the outer tube was decreased, and the inner tube could not bear an
effective deformation and springback process, leading to smaller effective connection area between the two tubes.
The elastic mandrel could restrain macro-defects such as cracking at a certain extent, and appropriately increase the
springback of inner tube. Lastly, the electromagnetic forming rules and defect control theory were obtained based on
theoretical calculation and finite element simulation. With the purpose of increasing the length of effective
connection area and reducing macro-defects, the research parameters were optimized, and it was found that the
forming quality is the best when the inner tube wall thickness remains 1 mm, outer tube wall thickness is 1.5 mm,
the gap between the tubes is 0.7 mm, and discharge voltage is 50 kV.
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Fig.1 Finite element model
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Tab. 1  Mechanical properties of the materials used in finite
element model
s g
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ToE4R 7 860 207 0.30 173

el 8 900 108 0.32 90
5A06 2 680 79 0.33 218
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F2 ARTEE P ERERE
Tab.2 Electromagnetic properties of the materials used in finite

element model
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Fig.2 Simulated and experimental outer tube profiles
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Fig.3  Comparison between simulated and experimental outer
tube profiles
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Evolution of equivalent stress in electromagnetic

Fig. 4

constriction process of tubes

RSN SMETE LRGSR TR IR Ae AL i
FFEEHR 6 A5 sl — AP BRER N AME AR R AL & 1 78
AR DL, N AME [l g 1Y TR 60° HEA , X 4
BN X-Z 1 (B @ = 0°/360° I ) ¥ I ik #1775 1] &
IF, HAT s e LA S,



- 158 - Mok E T K F ¥ Ik 5553 &
M ' LS, b —o— SME LI B —
- | i gl [ S
A '~_ B | —— W& LIRS ED
s NG 0.5k —— RETLEE
LN e | ——mETFREAF
= s S N g
R T : - T ® 0.3
E S E— ~ &
= D P\ | i i B# R Nl
N &
i f \\+\\ 0.1
i : [
H TN F
L2 T T I 1 . 1 ,
, : ; I A 01g 0.1 0.2 0.3 0.4 0.5

0(360) 60 120 180 240 300 360
?/(%)
ESs #METOERURE

Fig.5 Schematic diagram of typical nodes selection
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Variation of velocity vector in inner and outer tubes

during electromagnetic constriction process
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Tab.3  Comparison of forming quality under different inner and

outer tube wall thickness ratios
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Fig.8 Variation of relative displacement of outer tube with the
gap between inner and outer tubes
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Fig.9 Variation of outer tube displacement with voltage
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and its end enlarged area (left) with elastic mandrel
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