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Fig. 1 Cross-section shape of hollow profile(a) and initial

design scheme of extrusion porthole die(b) (Unit: mm)
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Fig. 2 Typical defects of profile in extrusion tests: (a) Wall
thickness thinning; (b) Seam weld cracking
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porthole die extrusion

Mesh generation of finite element model in
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Table 1 Contact boundary conditions in extrusion simulation
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Fig. 4 Change of steady shear friction stress with

temperature
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Parameter setting

Extrusion speed of 5 mm/s; extrusion stem temperature of 430 ‘C

Container temperature of 430 °C; full adhesive friction, friction coefficient=1; heat

transfer coefficient of 3000 W/(m*-'C)

Die temperature of 430 °C; full adhesive friction, friction coefficient=1; heat transfer

Boundary Type
Extrusion stem In_flow
Container Solid_wall
Porthole die Solid_wall
Die bearing Bearing

Free surface Free surface

Exit Out_flow

coefficient of 3000 W/(m*- C)

Shear friction type; heat transfer coefficient of 3000 W/(m®-C)

Heat transfer coefficient of 20 W/(m*-C)

Pressure=0 MPa
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Fig. 5 Velocity distribution along extrusion direction on cross-section of profile at die exit
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Fig. 7 Schematic diagram of optimization design of portholes in upper die and drainage channels(a) and cross-sectional

velocity distribution at die exit(b)
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Fig. 8 Schematic diagram of adding baffle plate(a) and cross-sectional velocity distribution at die exit(b)
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Table 2 Sampling distribution of Latin Hypercube method and test results

Sequence Design variable Response
number  L,/mm L/mm Ly/mm Ly/mm Ls/mm 7 /(mmes™") Too/% Fht

1 8.25 6.50 7.00 7.50 7.00 2.111 4 1343.48
2 7.75 6.83 7.33 6.94 6.59 4.009 4.13 1341.53
3 7.63 6.90 7.02 6.47 6.40 4.157 3.86 1333.28
4 8.33 6.86 7.44 7.09 6.55 5.847 4.23 1340.01
5 7.40 6.52 6.36 7.17 6.94 4.535 3.82 1336.60
6 7.55 6.94 6.40 6.55 7.17 6.649 3.78 1333.59
7 7.36 5.90 6.71 7.05 6.71 2.474 3.79 1334.97
8 8.36 6.28 7.48 7.40 7.25 2.398 3.98 1346.77
9 8.48 6.05 7.25 6.86 7.40 7.538 422 1341.63
10 8.40 5.97 6.94 7.33 6.47 6.249 4.18 1337.36
11 7.71 6.32 6.63 7.21 7.36 3.440 4.04 1344.30
12 8.02 6.01 7.09 6.51 7.44 7.994 3.95 1343.17
13 8.44 6.48 6.98 7.25 6.78 4.584 4.17 1340.10
14 7.47 6.44 7.05 6.75 7.33 7.490 3.74 1337.02
15 7.44 5.86 7.36 6.40 6.98 7.793 3.77 1336.77
16 8.29 6.63 6.67 7.36 6.82 3.153 4.02 1342.29
17 7.32 6.25 7.17 7.44 6.86 4.427 3.7 1338.96
18 7.86 6.13 6.90 7.48 7.09 1.532 4.03 1343.08
19 7.51 6.09 6.55 6.36 7.48 7.061 3.75 1333.93
20 8.21 6.36 6.75 6.98 7.29 2.312 3.82 1334.03
21 7.59 6.40 6.47 7.02 6.75 5.166 4.26 1338.92
22 7.78 6.17 7.40 6.78 6.36 5.994 4.19 1342.34
23 8.25 6.71 7.29 7.29 6.32 4.846 4.04 1338.87
24 7.67 6.79 6.82 6.32 7.02 5.530 4.06 1336.20
25 8.05 6.59 6.59 6.82 6.90 6.439 4.05 1337.61
26 7.82 5.94 6.32 6.59 6.63 4.441 4.12 1339.06
27 8.13 6.98 6.44 6.67 7.21 6.181 4.03 1337.77
28 7.90 6.75 6.86 6.90 6.51 5.092 4.17 1336.72
29 8.17 6.67 6.51 6.63 7.13 9.676 4.19 1337.15
30 8.09 6.21 6.78 7.13 6.44 5.0486 4.08 1342.00
31 7.98 5.82 7.13 6.44 6.67 4.032 3.97 1342.25
32 7.94 6.55 7.21 6.71 7.05 6.383 4.06 1338.19

WY BRI, f0) WRBERXTBIMIBEARR o o o BRG] )

PUEVEIE, — B oL T SONHEL. Z(x) A IE
&, ERWITEIRE, B Z(x) AHLL, HAZR
. BRI ERFE N

;—Etl:'j: iajzlaza"',ns ’ R(xi,.xj) %’ff%%/l\*izl‘(/ﬁ
xU R xS A DR T AR, B RE Kriging iU A



H31BE AW

XESL, S RE R 2 BRSBTS R AR LB I Y R 422 11 925

RITRINNE L o2 AITT7%; WEFEAR U ik 5% R £
HABIFHITHE A I MIAE Kriging B R R A,
FAE T

R(x',x") =exp {—"Zd: 0, |x; —x] |2} (6)
k=1

A n, NEOHERINEG 6 RS HL

ASCWEFUR Kriging SERERS B35 FER
FIHHERIES, MR B AR ] v ek K. 2T
R 2 i, B AR RITARE S 3 R H bR
IR AR o 2 3 FT 7R AN R 82 H B Kriging
IR & 25 T Kriging I VSRS ™ 4%
FE i beA s, AR GIRZE. Bk, 8T
BE— B IIE Kriging A0 B2 1) HA R S s
TEMGE 7T, FEBCTHAS (A BN A 5 DA
UL MRV A FAS, 3858 HyperXtrude
B GOR M, KRS HER S Kriging I
BRSO TME L. FHR 4 WA, 7 ELAE S Bl
RPFRIME Z [ R iR Z AL 8%, RHIPTEAL
(] Kriging 3 AU B A 5 i OO PO ARS 2
234 HT L B EIERN S

WAL R T B B AE Y 1 O S
IR TR BRI A% 7 LB AR P dE A0 1o 7 o B B A
M. TSGR FIEAAEE WSO /. SRR
(REE I L. AW TR 2 By AR S0 R ALk ]
REHAT KM . 2 By AL BRVE A BT b 0] FR47 0 Al it

3 WS H B Kriging USRI 25

fEENER SO, St EIEE, BN RS
PEREIFR AR TE 4, AR E 10 fros.
TR 30, B(FEHIIANECH 10, B3tk
MARECR 10, XM p BUE 1.0, BRME p,

|Latin hypercube sampling HModifying sample point|

{

Approximate models for
SDV, 7,4 and F

Yes
Is it credible?

No

Define design variable range, optimization
objectives and constraint objects

!

Defining multi-island genetic
algorithm parameters

!

Calculating objective function

Convergence
crierion

Maximum
iteration

—| Updating parameters | | Optimal solution
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Fig. 10 Flow chart of iterative optimization process by

multi-island genetic algorithm

Table 3 Fitting results of response targets by Kriging approximate model

Objective function B 0, 0 0s 0, 0s 7
SDV 0.5544 0.28206 0.13995 0.025622 0.2647 0.19207 32.644
T 0.03164 1.9834 0.0127 0.073484 0.05828 0.10428 34912
F -0.03522 0.20267 0.000102 0.46942 0.67588 0.24308 18.911

4 Kriging UT LU I 25 R 554045 300 T

Table 4 Comparison of prediction results of Kriging approximate model prediction and FEM simulation results

Test Prediction value Simulation value
L L, L; Ly Ls 3 =
number Flmms)  Td%  Fhi F/mms)  TJ%  Fhit
1 8.1 7 7.1 6.7 6.3 6.028 42 1338.05 6.1434 425 1336.71
2 7.3 5.8 7.5 6.3 7.5 7.478 3.842 1338.46 7.6702 3.84 1337.61
3 7.7 5.8 6.7 7.1 7.5 4.628 4.04 134292 4.4334 4.07 1339.68
4 7.3 6.2 7.1 6.7 7.1 6.764 3.748 1336.01 6.8962 3.77 1338.13
5 7.3 6.2 6.7 6.7 6.7 3.998 3.822 1334.27 3.8955 3.87 1331.03
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Fig. 12 Cross-sectional velocity distribution at die exit after die optimization(a) and extruded profile quality(b)
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Fig. 13 Temperature distribution on profile cross-section: (a) Before optimization; (b) After optimization
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Fig. 14 Welding pressure distribution in welding chamber: (a) Before optimization; (b) After optimization
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Table 5 Comparisons of mean welding pressure, flow stress on welding chamber and steady extrusion force

Ratio of welding pressure

Welding pressure/MPa Mean effective stress/MPa . Steady extrusion force/N
N to effective stress
Position Before After Before After Before After Before After
optimization optimization optimization optimization optimization optimization optimization optimization
A=A, 138.75 167.1 34.5 34.6 4.02 4.83
B, and B, 110.2 128.4 37.1 352 2.97 3.65

Simulation

12.61X10° 13.18X10°




928 hEA O RYR

2021 44 A

15 PYInsi A AR AL ) IR S 2 2R
Fig. 15 Microstructures of seam weld on internal stiffener:
(a) Before optimization; (b) After optimization
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Defects formation mechanism and precision control of
exit flow velocity in porthole die extrusion of
hollow thin-walled aluminum profile

LIU Zhi-wen"?, LI Luo-xing’, FU Chun-ming', HE Hong’, LI Bi-wen'

(1. School of Mechanical Engineering, University of South China, Hengyang 421001, China;
2. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University,
Changsha 410082, China)

Abstract: Taking the automobile collision beam as a typical research object, the formation mechanism of extrusion
defects, such as wall thickness thinning and cracking, on internal stiffener of profile in porthole die extrusion was
revealed. The method for accurately controlling the uniformity of cross-sectional velocity at die exit was proposed.
Firstly, an accurate steady-state finite element model for simulating the porthole die extrusion process of profile
was established based on the arbitrary Lagrangian-Eulerian formulation. Then, the formation mechanism of
extrusion defects was analyzed based on the evaluation of material flow velocity standard deviation (SDV) at die
exit and welding pressure. Finally, to solve the problem of the non-uniform velocity distribution, three steps of the
die optimization were proposed, including optimization of portholes and drainage channels, introduction of baffle
plates and optimizing the die bearings using Kriging approximation model and multi-island genetic algorithm. The
results show that, after optimization, the SDV value in the cross-section of extrudate decreases from 23.75 mm/s to
1.63 mm/s. At the same time, the temperature uniformity on the cross-section of profile and seam weld quality are
improved significantly. The maximum cross-sectional temperature difference is reduced by 27.2 ‘C, the welding
pressure is increased by 16.5%, and the grains of seam weld are basically completely recrystallized.

Key words: hollow thin-walled profile; porthole die; extrusion defects; multiple-step optimization; cross-sectional

velocity control; seam weld quality
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