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Cumulative deformation process for plate
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Abstract: The integrated forming of plates with characteristic ribs was researched, and a cumulative deformation process for plates was
proposed. Then, the principle was to introduce a reverse extrusion punch under the movement of the forward extrusion punch and achieve
the overall forming of workpiece by controlling the deformation zone to achieve cumulative deformation of material. Then, through finite el-
ement simulation, the cumulative deformation process was analyzed, it was found that the instability depression definitely appeared after
the height of the deformation zone exceeded 10. 8 mm, and when the speed ratio of the reverse extrusion punch to the forward extrusion
punch was 3/5, the cumulative deformation effect was good. Based on the research results of orthogonal experiments, the influence rules
and significance of extrusion speed, material temperature, mold fillet and friction factor on the height of the controlled deformation zone
were summarized, and it was concluded that during the operation process of the short-stroke punch, the factor that had the greatest impact
on this process was the heating temperature of material. Finally, the process model was experimentally verified, and the development of
the cumulative deformation process for plate has guiding significance for the integrated forming of workpieces with integrated functions such
as plate forming characteristic ribs.
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Fig. 1 Schematic diagram of sheet accumulative deformation process
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Fig.2  Simulation process of sheet accumulative deformation process
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Fig. 3 Point tracking layout (a) and schematic diagram of point tracking (b)
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Fig. 4 Cumulative deformation process of sheet

3 RERKHEH

WETSCANg, BRI T2 8980 R A TE# R
(T R, DT SE BEAR M B R, BRI, 1) B
AR Y 32 B R X AR TR X ) R s R 2 ke e
Ve, MRIEHBURAEEI, V,/V, = I 1885 M T
FEMCEHATR IE [0 55 FE e RS O ARTR, Rt 2 1)
PR R e, B AN IR I B R R Y 2
PO, HEWE R TP i 2k, I 25,
30, 40 #1150 mm - s™" VBN 4 2 MR A 2 ) 5 Y
Bl iz gl B, dEAT BUB B B, S5 R A 5
Fis

S BF B E 2l 3 B 50 mm - 87T IE [ BF
JEMASATRE A 40% B, BT HH B ARG, Hoftizs
B A E AR R AR M, TR AR A
e, BEE S e S B B RS K, AR TR X AR
Ko R TAEE B e, 3G R e B M RS B
HEE 75 A1 100 mm - s 4% 3 ZAXTE, BCIE [0 BF A
HEATRE 60% , HEERNER 1 f15k 2 s, Hir,
h,, M X BRI

F1AE 2 BoR, MAHXT IS ™A B A TR
W, RSB R M S, 8 X A [R]
JEF ARG X s B, S ARIE X 10. 8 mm B
—Ea MRS M E, WE 6 iR, HrE
AbHERUTRE B, I 4. S, 1R 2 AYX

v, .
%,ﬁﬂ%vcgﬁ,ﬁﬂ%m%ﬂﬁﬁﬂo



108 B

kO OR

U 48 4

MiAZ R /(mm-sT)
[ — |

0 16 33 50
25 I
©aa ) -l I

T A 1o

g | LI | . N
£

=

=

=

Y

% + t t t + +

=1 10% 20% 40% 60% 80% 100%
S TEFHBHEE (AT

T

m

40||

50
- [}

K5 ()R 1) B T T 3 2l i 2 T ) A g A e

Fig. 5 Material strain rates at different motion speeds of reverse
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extrusion punch
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Table 1 Influence of different motion speeds of reverse

extrusion punch on deformation zone at motion speed of

75 mm - s for forward extrusion punch

V,/(mm «s™") h,,/mm

37.5 4. 68

45 5.50

60 7.70

75 12.90 (KE)

®2 REFELKZIEES 100 mm - s~ BHAREKE
R R IE 30 I X X AR

Table 2 Influence of different motion speeds of reverse

extrusion punch on deformation zone at motion speed of

100 mm - s for forward extrusion punch

Vy/(mm - s™") h,,/mm

50 4.98

60 5.58

80 8.01

100 13.10 (%K#&)
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Fig. 6 Heights of deformation zone when instability occurs under

different punch motion speeds
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Table 3 Factors and levels of orthogonal test

7 ABREEE, B bk C PEfE D [ [ 57 FE A
(mm - s7") MR/ C B3 5 £ 242/ mm

1 50 950 0.15 1

2 75 1050 0.20 2

3 100 1150 0.25 3
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Table 4 Schemes of orthogonal test

Sy A %E%TE_/ B 1 KL ik C REBEIR B Dfifﬁ—]fﬁ}iﬂlﬁ
(mm+s™ ) BE/°C 5] ff12F: 42/ mm
1 50 950 0.15 1
2 50 1050 0.20 2
3 50 1150 0.25 3
4 75 950 0.25 2
5 75 1050 0.15 3
6 75 1150 0.20 1
7 100 950 0.20 3
8 100 1050 0.25 1
9 100 1150 0.15 2
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Table 5 Analysis on mean and extreme values of

deformation zone height

Jr ABHREE/ BAREHE CEEEIN DEHEM THEXE

Z (mm-s')  E/C # P42/ mm B/ mm
1 50 950 0.15 1 4.72
2 50 1050 0.20 2 4.73
3 50 1150 0.25 3 5.92
4 75 950 0.25 2 4.60
5 75 1050 0.15 3 6.13
6 75 1150 0.20 1 4. 64
7 100 950 0.20 3 5.76
8 100 1050 0.25 1 4.69
9 100 1150 0.15 2 4.75
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