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Fig. 1 Stress diagram of the 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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(a) Structure of cavity; (b) Self bending extrusion die
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Fig.4 Finite element model of self bending extrusion of sheet profile
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Table 1 Extrusion process parameters

Material ~ Billet Extrusion  Billet tempera-  Tool tempera- Ram ve- Shear Coulomb Thermal con-
diameter ratio ture/ ture/°C locity/ friction friction ductivity/
/mm °C (mm *s) factor factor (N st eoCh

AA6063 120 20.7 480 450 1.5 0.7 0.3 180.2
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Fig. 5 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
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Fig. 7 Different stages of extrusion and residual strain

(a) Extrusion the initial stage; (b) Begin to stabilize stage; (c) the residual strain after stabilization
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Fig. 8 The 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

3 BEHFTERESHNIZT
3.1 [T IR

A S MPTRER R, 2R TEMAATIE, 85 B 2 At AT 0 it B
BB RS W S, ASCRAC SRR N T B S iR SOE I T2 B, I8 R E A
=l AR B B R, LR S 2L

RO L@ T EMHFR5H DEEPASRENKR, HEBMYCRBEOATEE, Jrel, o)
CLEON B2 i BRSO H AR R s aQO) MR B 25 BB ALEE R 1, R/ d A I A B g g
oA, RIVRTHNARURT ) B 25 it R oA, B KA BME S ik, A IRIABNEA 2 T SR B A
AR, HORMH AR LA BRTIER 235, BTEL, ERE R AL BT o T LLR A IR R
PRI, s SR T L 3 o 5 0 A 30
® 2 ERRSIERER

Table 2 Optimized variables and value range

Variable o/° d/mm v/(mm-s™)

Value range 3~9 20~35 1~10
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Table 3 simulation test results

Test o/° d/mm v/(mm-s™) K R/mm
1 5.56 34.57 2.57 0.020 2904.62
2 6.54 25.76 5.20 0.136 898.12
3 4.53 30.16 8.67 0.080 2439.08
4 3.67 26.21 6.52 0.118 1348.72
5 5.14 20.09 3.97 0.348 481.28
6 5.01 23.96 5.58 0.191 857.71
7 7.30 28.24 3.19 0.055 1422.33
8 7.00 24.74 9.52 0.273 851.71
9 6.86 22.67 9.96 0.415 646.07
10 3.48 33.92 7.23 0.037 3870.1
11 3.22 31.16 2.20 0.017 2102.9
12 5.78 31.39 3.56 0.034 2213.78
13 441 23.51 1.89 0.076 851.17
14 8.43 27.32 6.16 0.111 1274.36
15 8.75 32.49 7.71 0.073 255327
16 4.08 33.22 8.58 0.054 34239
17 7.65 29.34 4.32 0.060 1208.11
18 8.19 21.83 4.66 0.258 251.46
19 6.05 28.70 1.01 0.017 1480.04
20 7.92 21.20 7.94 0.465 269.5
250
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>
50 E
0 . ‘ .
0 20 40 60

B 9 5 il AR Y 13 E ) A

Fig. 9 Velocity distribution of extrusion die exit in sampling test
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Fig. 10 Response surface of variable and sheet bending radius

(a) Influence of inclination angle and width on bending radius of sheet profile; (b) Influence of extrusion velocity and wid

th on bending radius of sheet profile
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Fig. 12 Experimental die for sheet profile self bending extrusion

(a) Deflector plate; (b) Deflector die.
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Fig.13 Bending profile obtained by industrial grade extrusion experiment.
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Fig.14 Metallographic structure of inner and outer sides of sheet profile

(a)Outside of sheet profile; (b)Inside of sheet profile
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The Forming Mechanism of Extrusion Self Bending of Aluminum Alloy Sheet Profile and Op-

timum 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 ex-
trusion of aluminum alloy plates is proposed. By designing the structure of special-shaped guide cavity, the uneven flow
of metal in the die cavity is produced, so the curved 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 are analyzed. The response surface prediction model of each variable to the radius of curvature of ex-
trusion self bending is 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 func-
tion was established. The algorithm obtains the optimal cavity structure and process parameters, and conducts trial ex-
periments. The experimental results show that the self-bending sheet extrusion is stable, the measured radius of curva-

ture is 2071 mm, the grain size inside and outside of the curved sheet is uniform.
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