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Abstract: The whole blank holder and segment blank holder were used to study the wrinkling behaviors and rules after
the first discharge forming in electromagnetic incremental forming process of large aluminum alloy curved surface parts. The
effect of blank-holder force on wrinkling behavior and plastic flow was revealed. The results of numerical simulation showed
that the flange zone and floating sidewall zone are easy to wrinkle, which is in good agreement with the experimental re-
sults. Under the condition of whole blank holder, the values of blank-holder force in critical flange wrinkle condition and
floating sidewall wrinkle condition are 8.4 kN and 21. 6 kN. Under the condition of segment blank holder, the value of
blank-holder force on the segment nearest plastically deforming area in critical flange wrinkle condition is 8.4 kN, and the
value of blank-holder force on two symmetrical segments nearest floating sidewall in critical floating sidewall wrinkle condi-
tion is 23. 8 kN. Compared with the whole blank holder, the material flow behavior can be greatly improved by means of
segment blank holder.
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Fig. 1  Schematic diagram of objective part
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Table 1 Materials property parameters of blank
Material grade 5754
Young’s modulus, E/GPa 70
Poisson’s ratio, v 0.3
Enhancement coefficient, K 411
Yield strength, R, ,/MPa 146
Tensile strength, R, /MPa 236
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Fig. 2 Schematic diagram of spherical die
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Fig. 3 Finite element model for the first discharge forming in

electromagnetic incremental forming of large aluminum al-

loy curved surface parts
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Fig. 4  Distribution of stress of blank after the first discharge form-

ing: (a) circumferential stress and (b) radial stress
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Fig. 5 Distribution of the specified paths on blank
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Fig. 6  Distributions of circumferential stress of the specified paths

on blank
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Fig. 7 Schematic diagram for distribution of segment blank holders
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Fig. 8 Experimental assemble in the condition of whole blank holder
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Fig. 10 Indicators relevant to the experiment: (a) The max radial flow distance of flank zone, d,; (b) The max circumferential

flow range, d,, and arc length of flank zone of deformation region, dy; (c¢) The max transverse distance of deformation

region, d,;

region, h
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Fig. 11 Wrinkles of the blank at different loading conditions under whole blank holder ( dashed; flange zone; solid: floating sidewall

zone) : (a) 6.2 kN, (b) 8.4 kN and (c¢) 21.6 kN
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Table 2 Wrinkles and measures of the blank after the first discharge forming under 11 values of blank-holder force
1 2 3 4 5 6 7 8 9 10 11
Torque, M/N - m 90 83 76 69 62 55 48 41 34 27 20
Pressure, F/kN 28.2 26.0 23.8 21.6 19.4 17.2 15.0 12.8 10.6 8.4 6.2
d,;/mm 2.5 3 3.5 4.5 5 6 7 8 9 11 12
d,/mm 430 436 443 451 460 470 479 489 499 504 510
dy/mm 464 472 481 491 503 516 529 543 557 565 574
dy/mm 408 409 409 410 412 410 410 409 410 409 410
ds/mm 328 330 335 332 330 330 329 328 330 334 330
h/mm 50.58 50.26 51.08 52.34 5452 559 567 57.5 582 585 589
Wrinkles on flange zone None None None None None None None None None None Yes
Wrinkles on floating sidewall zone None None None None Yes Yes Yes Yes Yes Yes Yes
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Fig. 12 The variations of measures with the pressure F
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Fig. 13 Photos of the blank with no wrinkles under segment blank holder; (a) flange zone and (b) floating side-

wall zone
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Table 3 Measures values of the blank with no wrinkles under

segment blank holder

Measures d, h d, d,

Value/mm 10 52.9 450 490
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