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Abstract: The precision simulation problem of the temperature field of hollow profile during the whole extrusion process,
including the dividing and welding stages, was solved by mesh reconstruction technology of welding zone. Taking the
porthole die extrusion of a typical aluminum hollow profile with large cross section as an example, the effects of billet
temperature and extrusion speed on the maximum temperature of profile near the die exit and the temperature distribution
on cross section were analyzed, and the reasonable billet temperature and extrusion speed were obtained. The results
show that, the influence of the extrusion speed on the inhomogeneous temperature distribution of the cross section of the
profile near the die exit is significant, while the influence of the billet temperature is not obvious. When the constant billet
temperature is 500 ‘C, the difference of the highest and lowest temperature (maximum temperature difference) on the

profile cross-section increases from 28 C to 60 ‘Cwith the extrusion speed increasing from 0.6 mm/s to 3.0 mm/s. The
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changes of maximum temperature difference on the profile cross section are not more than 3 ‘C with the billet

temperature varying from 480 °C to 520 ‘C at constant extrusion speed. The extrusion conditions are that when the billet
temperatures are 520, 500 and 480 C, the reasonable extrusion speed ranges are 0.63~0.93 mm/s, 0.87~1.14 mm/s and

1.10~1.34 mm/s, respectively.

Key words: hollow profile; porthole die extrusion forming; meshes reconstruction; temperature field
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Fig. 2 Schematic diagrams of welding zone and porthole die

mold: (a) Welding zone; (b) Upper die; (c) Bottom die
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Fig. 3 Temperature distribution of metals at dividing stage (A—A: shown in Fig. 2(a); billet temperature 500 ‘C, extrusion speed
1.0 mm/s): (a) Stroke: 24 mm; (b) Stroke: 42 mm
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Fig. 4 Distribution of effective strain and velocity at stroke of 24 mm (Billet temperature 500 C, extrusion speed 1.0 mmy/s): (a)
Effective strain distribution; (b) Velocity distribution

W Be m e ARG R, Herh iR B AR IR T

Temperature/ ‘C
493 BEALIOHG PREEPEOH. SRS TR M#vES
B 495 HCH L 8 A SR [ R A e S o S0 38 T
C: 497 (W P)SEEHCIE fRE, kb THIRER A, JLFEARR
D: 499 PERBRIAE T, R, SRR T RN B e
£ 501 I B IR A RBLE R SO S — R, HA
1 by T 5 AL PR A T A58 W S

B BRI P3~Ps) T B IR A RE, S
P AR LR A /b, DAL, BT AN 2
PUWT R R B, Ho b AU LI A R R AR

S PR Z ARG, SRR BT RS A TE R
B 5 FrIRATRN 24 mm I G ) 3 AL BHAFSALLE TR Py, (EASTEHR BEBHGAIT
Fig. 5 Inner temperature distribution of metals at stroke of 24 A IEZESERT, BE LA —EN T,
mm (B—23: shown in Fig. 2(a)) SR IG FEARAR RS




5523 5 10 1

RS0, A A a0 UM 2 RS I R 4o Rt S 1) B A

2773

505

s o By
P, P2P3 Ps @)
(@) g
__________________ - s 495
2
B
=
490 |
Py P}
485

500 | gl
N

(b)

6 IR A B AR AN A B 5 1t R B e AT R ) 224k

1
10 20 30 40 50

Stroke/mm

©

Fig. 6 Temperature changes of different metal points on billet (Original temperature of point is 500 C): (a) Location of points at

stroke of 0 mm; (b) Location of points at stroke of 42 mm; (c) Temperature changes of points
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Fig. 7 Temperature distributions of metals on
bottom surface of welding chamber during
welding stage (Billet temperature 500 °C,
extrusion speed 1.0 mmy/s; 1 and II are welding
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Fig. 8 Effective strain and velocity distribution of metals at stroke of 64 mm (Billet temperature 500 ‘C, extrusion speed 1.0 mmy/s):

(a) Effective strain distribution; (b) Velocity distribution
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Fig. 9 Inner temperature distribution of metals in welding
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Fig. 10 Calculation results of temperature increase during extrusion process (Billet temperature 500 ‘C): (a) Change of maximum

temperature of metals; (b) Influence of extrusion speed on maximum temperature increase of profile near die exit
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Fig. 11

stable profile during extrusion process (Billet temperature 500

C): (a) Mesh reconstruction method, v=3.0 mm/s; (b) Steady-

state simulation, v=3.0 mny/s; (c) Influence of extrusion speed

Calculation results of temperature distribution of

on maximum temperature difference of cross section of profile
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At IS
Table 1 Effects of billet temperature and extrusion speed on

temperature distribution of cross section of profile near die exit

Extrusion Billet Maximum temperature
velocity/ temperature/ difference of cross
(mm-s ™) C section/C
480 26
0.6 500 28
520 28
480 32
1.0 500 35
520 33
480 33
1.2 500 34
520 36
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WS H ORI R R I 12(a) v %0, 3l 2 55 AR
AU H AR BRI % a5 PR R 1.14 mmys,
R IR 0.87 mm/s

KHE 12T 7R~ J715:, ARG ARSCAAE T A0
TR G BRI % P AR R Y T, &l 12(b) Bt
TR o B PR BH S DX s B Ok SRAE A AL S 1 Ak 2R A E A
520~570 °CGH| A B RRE B2 AEE o A 1. K
12(byr] 1, 4 IRRHEFE M 480 C _LFHE] 520 “CHY, i
SR AL H 1 A 2R i 82 5K PR 45 H ik S L 2331
#H 1.10~1.34 mm/s %] 0.63~0.93 mm/s.

5 Z5ig

1) Zrim A B b 5 s R 5 TRCR i Rk
5 AR T PR A I B 2 (R RS AT g 5 5 M A
FLH F AR BRI R AR Wi B o A A A,
AN JEA TN A R (A S BLNEAH L, A% HAY
B 7250 A AT e a R B 3 RS 5

2) 5% s TS T 2R A A T L R 2 AT AN A PR
REMRLR, TR B2 SR/ o 4 ORHR B2 4 500
T\ HrHHEH 0.6 mm/s B4 K # 3.0 mmy/s B, $ 4
A A T TR vl PS8 5 e MR 8 P 2 B (e KR 22 ) 28
CTHERE] 60 C; U4 s g —E - WORHE 1 480 C
BN 520 CHF, RO RO 22 AR AN B it
3°C,

3) R 6005A HtHs AL AL H 1AL Y A R T
[2h 520~570 CEK, i AW FUAAE T 85 B
(B IR P RS 56 R ORI 520 CH, B IRTE
FEJE A 0.63~0.93 mm/s; WEREFE 500 CH, Hk
VSR 0.87~1.14 mm/s; HRREEE 480 CHEF, #f
JEIEFE VSR 1.10~1.34 mm/s.
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