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Abstract

The Strain rate effect in electro-magnetic forming, which is one of the high velocity forming
methods, is studied by the finite element method in this paper. The forming process is simplified
by neglecting the coupling between magnetic field and work-piece deformation, and the impulsive
magnetic pressure is regarded as inner pressure load. A rate-dependent elasto-plastic material
model, of which tangential modulus depends on effective strain rate, is proposed. The model is
shown to well describe the transient increase of yield stresses, the decreases of the final displace-
ment and yield stress, the decrease of the difference in the distribution of deformation along the
axial direction, and the change of deformation mechanism due to strain rate effect. As a resuit,
displacement, final deformed shape, radial velocity, deformation energy, and the changes of
effective stress, effective strain and effective strain rate through plastic working are given. Based
on the results, the effectiveness of this model and the strain rate effect on the deformation process
of the work-piece are discussed.
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of work-piece, compared with those of Suzuki®

Model Element Bending m Final displacement
1. EXPERIMENT - - - 5.95mm
2. SUZUKI membrane no — 5.50mm
3. Km0 2-D axi, yes 0.000 5.30mm
4, Kml 2-D axi, yes 0.005 4.89mm
5. Km2 2-D axi, yes 0.010 4.48mm
6. Km3 2—D axi, yes 0.020 3.80mm
7. Km4 2-D axi, yes 0.030 3.25mm
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Table 3 Maximam stress at the center of work-piece before the 1st unloading.
Model m ] € € Rk Time
(MPa) (1/sec) (usec)
1. Kmo 0.000 67.10 0.1173 6.6 1.000 237.5
2. Km2 0.010 72.33 0.0992 178.4 1.155 203.0
3. Km3 0.020 78.24 0.0836 224.2 1.340 181.5
4, Km4 0.030 84.37 0.0706 214.5 1.549 167.0
45 2Y-HHYE-BHEE £z J7HiAMe 4.6 RAESYH-FEYHHE
38z Fig. 160l 71gA FAl Al FaHEE ot
Fig. 150 $3-wgE-4gE &= F7lAY £ FrE3He Wss Jeldlz, Table 33 Table
71 ERAZE Jepiich Az Wye] A" A 4ol 77t Hof & S35} 13 A5A)Y FJES
AAA QAR BF Frbee Bgez $4dE € YA H¥E 4= Ed 99 §139

AAg wolchr), WHE 57} Rasl A &
He) Aapsh AzA =6, Aol ool & 4
g2 Wl WYE 451 ()] AN WY
gl FolEn $9e ¥A4 Radeh olF, B
4 9 BAEH} AF A¥el o ABs A
oA ARUNE AL R A (re-
unloading) 7+ W83kl oAl Sz, AL 9
3§ 28 AR FUA Bt 2HE 2l
o, 49 4= WBAG A4S wARA
54 g4o] Frloln WHESES AP Eol
2w, 13 Ae olFs AR WFo] AWL
4 gk .
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Fig. 15 Working trace in the stress-strain-strain rate
space at the center of work-piece through

plastic working
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Fig. 16 Signed effective stress vs. effective strain at
the center of work-piece through plastic
working
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Table 4 Yield stress at the center of work-piece at
the onset of the Ist unloading.

Model m o € € Time

(MPa) (1/sec) | (usec)
1, Km6| 0.000 | 67.10 | 0.1173 | 6.61 | 237.5
2, Km2| 0.010 | 62.96 | 0.1005 | 28.84 | 217.0
3. Km3| 0.020 | 58.94 | 0.0856 | 45.61 | 199.0
4, Km4| 0.030 | 55.04 | 0.0725 | 76.44 | 184.0
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Fig. 17 Effective strain rate vs. effective strain at the
center of work-piece through plastic working
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Table 5 Deformation energy per unit volume at the center of work-pice

Deformation energy W, to W, to each Each Ist
Model m each lIst unloading time Ist unloading time unloading time
(MJ/m®) (MJ/m?®) (usec)
1. Km0 0.000 5.592 5.592 237.5
2. Km2 0.010 5.257 4.460 217.0
3. Km3 0.020 4.894 3.555 199.0
4. Kmy4 0.030 4.515 2.810 184.0
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Table 6 Radial velocity characteristics at the center of work-piece

Model m 1st peak Time 1st half period 2nd half period 2nd peak Time
(m/sec) (usec) (psec) (usec) (m/sec) | (m/sec)
1. Km0 0.000 41.65 106.5 237.5 31.0 3.183 283.5
2. Km2 0.010 38.59 102.0 217.0 30.5 4.021 260.5
3. Km3 0.020 35.49 98.0 199.5 29.0 4.457 243.0
4, Km4 0.030 32.37 94.0 184.5 29.5 4.488 228.0
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