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Fig.2 Schematic diagram of self-bending extrusion process

BER, TR, B AL AR A 2
5t SPBUMM G R SRR M, TS AR
=5 i R -

1.2 HEELF R ERRA
AR SCR FH R B H 3 B SR BN, R TR
it BEXMkaRETE, FEBUTGIL
g0, DN, WX F BT IEAN S R, gk
BPATIZH . B RES TR NE 3 B,
LEEREARE, RERK—NLRREETH, RE
N JETE ORI, WO IR PR AE RN, A
B Al s A 3 FiR. B 3@~@PTR A BN RN RIL . S
Fig. 1 Structural diagrams of self-bending extrusion die: TR GTH TR BRI ER. B RS R
LB — IR A% A S5 1R PR R 2047 1

(b)

(a) Section view of die; (b) Distribution of portholes
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Fig.3 Metal shunt welding process and mesh reconstruction: (a) Metal flow into shunt hollows; (b) First welding; (c) First repair of
penetrating mesh; (d) Second welding; (¢) Second repair of penetrating mesh
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1.3 FEXWSSHENE

LI REHE R AAG063 & &85, HALERR
HUINER 1 R, AEBREGE AL wmT, a4
By R S MR BB, X AA6063 45 A 4 B BE T
480 ‘C FHEAT 6 h I EILACEE, 5 8 TURIEE N
470 'C, HEHEFHIRIE N 460 C.

R1 AA6063 HE etk 2 Y

Table 1 Chemical composition of AA6063 aluminum alloy

(mass fraction%)!'"?

Si Femax CUax Mn,ax Mg
0.2-0.6 0.35 0.10 0.10 0.45-0.90

Crinax ZNax Timax Al

0.10 0.10 0.10 Bal.

SKH 1000T IE 7] S HF EALEAT 5 ke . 5%
H TS iR, SR B ARGV EIE AT AR S 5%,
PN 15% (R 73 80 1 = SR 5 ToK CRERTIR &
WL AR 10:50, ERHEEN 10 V, il [E
43 min, KM IE200M ZY5% 2% A A7 oM 41 21
MR, RSP ARTE 2 A RAE BT 7 45 i
(RS R RS d (d=1.74L, L ALK,

2 BEREMIESR
ARERLL L50 mmX 3 mm(3L L FoRibK, ¢

FKoREF T AT RN SR, WEEHBERN 140
mm ] AA6063 55 S, HEMEHEH HI3 LA

®2 MR SEE TEEMB Y RE

W, HppErEgelt Pk 2 for. $FEN 27.3,
BIFRHGEEE A 480 'C, AA6063 F5E 41N fy N AE A
MR 22 JESCHR[ 1] P B S B Bidls, ORL S R) R
FHBT U BE SRS, EEAR O BN 0.7, WoRHS TAE
VISR A R ARRY, BRI S ol 0,301, g
RME SRR ABRCEEA, WE 4 FioR. A ROE
RAREFIER A FERE. R, BRI 20
AR, ARSI ERER, ISP A
(172 FEATERIY, B AR Rk 43 S DY T A SR
ﬁ[18*23] .

AR ARG RS R S B R AR A, B R
FROE S SRS SN AR IR AR LI 0 AT, SR
JE K o TRAT R B BN 3.3°, 4.9°, 6.5°, 8.1°
A11.30, HPHEE MR EN 0.5+ 1 A5 mmy/s, #f
TR RBE RIS TR [ 25 i A r
(IRCIRAE . R T 23 50nE 3 i,
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Fig. 4 Finite element model of profile extrusion process

Table 2 Physical properties of materials used for billet and extrusion tools

4 Thermal conductivity/ Heat capacity/
Material ~ Elastic modulus/Pa Poisson’s ratio Density/(kg'm ) R L e
(N's-C™) (N'mm ~-C™)
AA6063 6.9%10" 0.33 2700 180.2 2.27
HI13 2.1x10" 0.30 7760 28.4 5.6

®3 AWRTCHMERE T ZSH

Table 3 Process parameters used in numerical simulation

Billet Tool Extrusion  Shear friction Coulomb friction  Inclination angle of Ram velocity/
temperature/'C  temperature/C ratio factor factor shunt bridge/(°) (mm-s ™)
480 470 27.3 0.7 0.3 3.3,49,6.5,8.1,11.3 05,1,5
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Fig. 5 Flow behavior of metals during extrusion: (a) Dividing stage; (b) Welding stage; (c) First welding; (d) Second welding;

(e) Extrusion stabilization stage; (f) Velocity vector of metal flow
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(a) Effective stress/MPa (b)
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Fig. 6 Contours of effective stress at different extrusin stages: (a) Dividing stage; (b) Welding stage; (c) Extrusion stabilization

stage
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Fig. 7 Contours of effective strain at different extrusin stages: (a) Dividing stage; (b) Welding stage; (c) Extrusion stabilization

stage

33 SRMHASHEREMBTHFHEREN

AL

MR A AR O A A AR R i 8 fr
o B 8(a)~(e) BT /A RV AR B ARt B4 AR 7 F
(FFHEEEA 1 mm/s). HE 8 AIAl, fE— & MHER
FET, AR AR, e 2R U iy
ERM. BEESRIEUAIEKR, SRR SR
FEXEIN, BRI R R B Rk i A
[FIBE R AL, 15 B0 il 26 P12 5 20 R IURY A 1 %
AMAWE 9 fros. S RprmuRt A S5 o R 3G N
BIRest KRG BRI SR s, AEH A Rl 24t
/N s TR S 5 s X R A il e 242 1Y 5 ) S B
RRARLEAR L, R IR A BN, & R Y
Mt AR R BURE, O RS BB R
I — e MG, U S % R B AR T
YR OLRFELW, SRR SFREEILT
CUEE” , B AM RIS ARIA RS — R E” B
VT o BT ma ST E T il 2 B AT i 2 T, 19
Fma S AL A 10 fios, ARG T REW R

8 AFEAMBUA TR BT R R SR

Fig. 8 Schematic diagrams showing deformation of profiles
at different inclination angles of shunt bridges: (a) 3.3°; (b) 4.9°
(c) 6.5° (d) 8.1° (e) 11.3°
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Fig. 9 Effect of ram velocity and inclination angle of shunt

bridge on curvature radius of extruded profiles
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diversion bridge inclination angle and radius of curvature of
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Fig. 11 Square tube self-bending extrusion experiment: (a) Experiment of extrusion process; (b) Extruded curved square tube

profiles
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Fig. 12 Self-curving square tube stabilizing segment profile: (a) Experiment result; (b) FEM simulated result
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Fig. 13 Metallographs on different surfaces of curved square tube profiles: (a) Outside surface; (b) Side surface; (c) Inside surface
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Self-bending extrusion process for square tube aluminum profiles

MIN Fan-lei', ZHU Guang-mingl, CHANG Zhengz, YUE Bo-wen', GUO Nana,
WANG Zong-shen', YANG Zhen-yu', ZHAI Xiao-qging'

(1. School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China;
2. School of Computer Science and Technology, Shandong University of Technology, Zibo 255049, China)

Abstract: This paper concerned a novel method for curved square tube profiles self-bending extrusion forming. By
designing the inclined shunt bridge structure, the metal can generate internal differential flow, thereby directly extruding
the curved square tube profile. Using external mesh reconstruction methods, the numerical simulation of shunt welding
extrusion process was realized. The metal flow behavior, stress and strain field distribution in the self-bending extrusion
process were obtained. The effects of inclination angle and extrusion ram velocity on the self-bending forming of square
tube profiles were studied. The bent square tube profiles were obtained from the extrusion experiment. The results show
that the regular and stable bending square tube can be extruded by the self-bending die structure. The distribution of stress
and strain is uniform. With the increase of the inclination angle or extrusion ram velocity, the curvature radius of the
profile is nonlinearly decreasing. After extrusion, the grains on the upper surface, side surface and lower surface of the
curved square tube are uniform and equiaxed, and the grain sizes are 64.3, 61.7 and 58.3 um, respectively.

Key words: shunt welding simulation; self-bending extrusion; inclined shunt bridge; profile microstructure
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