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Fig. 1 Stress diagram of micro-element on profile in cylindrical coordinate system
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Fig. 2 Die outlet velocity distribution of ideal self-bending

extrusion forming of sheet profile
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Table 1 Extrusion process parameters
Billet . Billet Tool Ram Shear Coulomb Thermal
. . Extrusion . . - ..
Material diameter/ ratio temperature/  temperature/  velocity/ friction friction conductivity/
mm C C (mm-s™) factor factor (N-s-C™h
AA6063 120 20.7 480 450 1.5 0.7 0.3 180.2
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Fig. 5 Schematic diagram showing extrusion self bending process of sheet profile: (a) Billet filling stage; (b) Extrusion

initial stage; (c) Extrusion stabilization stage; (d) Curvature radius measurement
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Fig. 6 Velocity distribution and streamline distribution of extruded profiles: (a) Extrusion velocity distribution; (b) Material

streamline distribution

IS 2 02 AR XHRZE N 6.54%, 1 W
A BHER;  H ) o B L A 2 2
R R, B R ot ae e it &
J& AN ) B B LR A R, BrBl B %
ARG B B e B B o Fril
FasE e M BRI & 6(b)FTa, T DA H 25 h
B L R BT TAT, BREM P AR AR
WA, HAKE R E R LSS, SR AT
AR £t R 9T R I BA AL s i 2
B B4R PRI A RS AN, b R R
BB UL A ML 2

23 R BEHATAES

B 7()~(b) 5 B 8 Fron 35l A R A 555 i
ZIFI AR R 70 B, ARSI 0.001 571 57
HFIE R A BVEASTE, BETTHrakoss B 25 5 AL

TEHINLER .

BRI T B 25 i R B A R i, Y
MBI BE A A5, B RIS 552 AR YY)
LR R AR AR T, AR 17 3 FEAH 0 5/ —
s, il 7(a)Fin. BABH A TE R A
VAR TE, FEAR TR Ik A% v A 0 BY U0 g A8 6 2 11 95 5
BE & R AN B R S AR T, W 8(a)~(c) I
Ne TR — BN G, BB B R T TH A 2
PAURAEBIYIAR T, BOR48 THD BE AN R AR AR AL,
I B R AN TR AR N R 8 B T R AS T, PR AR
T DX R 48 A L 1 e — BERE S, A 7(b) AT
e FrEHEANREM B, UhJE B BT R R T
4 BRI, RAENIPEFRE, i 7(c)fmNl
Avrami 58 B 75 30 1450 He A4 3R A R AR 1 o ) T T
555 ) (00 PN 82 7 LA BR AR I 7 1 2k A7 7E T B Y
M



331 4558 12

BT, e A SR A R R R B 3513

(a) Effective strain (b) ten 132
Step 13 rate/1073 s SEp
1.0 |
Die exit surface 1
05"

J

B 7 FrEIIAFRBBCS RN AL

Avramic Grain model-

Effective strain (c) Retained strain

rate/1073s™! 6 0
Common 1'OI i
boundary 1 -

0.5 1 3 I

OI A ()I

Fig. 7 Different stages of extrusion and residual strain: (a) Extrusion initial stage; (b) Begin to stabilize stage; (c) Residual

strain after stabilization
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Fig. 8 Schematic diagram showing process of self bending extrusion of sheet profile: (a) Step 73; (b) Step 118; (c) Step 130;
(d) Step 132; (e) Step 409; (f) Step 462
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Table 3 Simulation test results

Variable al(°) d/mm v/(mm-s™)

Value range 3-9 20-35 1-10

TestNo. o/(°) d/mm v/(mm'ss!') K R/mm
1 556 3457 257 0.020 2904.62
2 6.54  25.76 520  0.136  898.12
3 453 30.16 8.67  0.080 2439.08
4 3.67 2621 652  0.118 1348.72
5 514 20.09 397 0348 481.28
6 501 23.96 558  0.191 85771
7 730 2824 319 0.055 142233
8 7.00 2474 952 0273 85171
9 6.86  22.67 996 0415 646.07
10 348 3392 723 0.037 3870.1
11 322 3116 220 0.017 2102.9
12 578 3139 356 0.034 2213.78
13 441 2351 189 0.076 851.17
14 843 2732 6.16  0.111 127436
15 8.75 3249 7.71 0.073  2553.27
16 408 3322 8.58  0.054 34239
17 765  29.34 432 0.060 1208.11
18 8.19 2183 466 0258 251.46
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Fig. 9 Velocity distribution of extrusion die exit in

sampling test
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radius: (a) Influence of inclination angle and width on
bending radius of sheet profile; (b) Influence of extrusion

velocity and width on bending radius of sheet profile
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Forming mechanism of extrusion self bending of aluminum alloy
sheet profile and optimum design of die

MIN Fan-lei, ZHU Guang-ming, GAO Xu-jie, YUE Bo-wen, LIU Hui-ping, GUO Na-na, ZHAI Xiao-qing

(School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract: Based on the theory of continuum mechanics, the relationship between the exit velocity distribution and
the radius of curvature of the plate during the ideal self-bending process is obtained. A new process for the
self-bending extrusion of aluminum alloy plates was proposed. By designing the structure of special-shaped guide
cavity, the uneven flow of metal in the die cavity was produced, so the bent profile is directly extruded. By using
numerical simulation, the self bending deformation mechanism, metal flow characteristics and distribution of
residual strain in the process of sheet profile extrusion were analyzed. The response surface prediction model of
each variable to the radius of curvature of extrusion self bending was established by using the Latin hypercube
sampling method and the finite volume method. Under the condition of a specified bending radius of 1900 mm, an
objective function optimization model with a penalty function was established. The algorithm obtains the optimal
cavity structure and process parameters, and conducts trial experiments. The experimental results show that the
self-bending sheet extrusion is stable, the measured radius of curvature is 2071 mm, the grain size inside and
outside of the curved sheet is uniform.

Key words: aluminum alloy; bending sheet profile; self bending forming; relation derivation; mechanism analysis;
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