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Numerical simulation on extrusion forming for large ribbed thin-walled circular
tube aluminum profile
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Abstract: For a large ribbed thin-walled circular tube aluminum profile, a finite element numerical model of perforated needle extrusion
forming for the large ribbed thin-walled circular tube aluminum profile was established, and based on the numerical simulation results, the
induction chamber contour and working belt length were optimized. The research results show that the large ribbed thin-walled circular
tube aluminum profile has the problems of extremely uneven material flow rate and cross-section temperature. The material flow rate in the
rib part of profile is extremely fast with the maximum value of 724 mm - s™' | while the material flow rate in the arc part of profile is very

slow with the minimum value of only 3. 079 mm - s™'. Afier the induction chamber contour is optimized, the material flow rate is con-

trolled within the range of 20. 4-59.23 mm - s™', and the cross-section temperature is controlled within the range of 500. 8-518.3 °C,
showing the significant effect of improving the material flow rate and temperature distribution. After the working belt length is optimized,
the uniformity of the material flow rate and the cross-section temperature is further improved. The material flow rate is controlled within the
range of 25.76-44.40 mm - s~', and the cross-section temperature is controlled within the range of 504. 5-517. 5 °C , achieving the ide-
al material flow rate and uniform temperature distribution.
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Fig. 1 Section diagram of profile
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Fig. 2 3D drawing of perforated needle extrusion die
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Table 1 Thermodynamic parameters of 5052 aluminum alloy and H13 steel

B W/ (kg m™) WA/ (kg K7 BERE/(W - (m- K7 ARIKRE/K  BIRBHE/MPa RN
5052 #héd: 2680 880 137.0 0. 00001 40000 0.35
H13 7870 460 24.3 — 210000 0.35
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AR SCR T IE SZ T U pR B R AR Bl T

é=A[sinh(aa’)]"exp(-%) (1)
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Table 2 Setting of process parameters

e Hf
ML/ °C 460
BEREHE/ (mm - s7") 1.0
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Table 3 Setting of boundary conditions
WoRME BEHATR LR W/
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Fig. 4 Flow velocity distribution of extrusion profile section for initial die
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Fig. 5 Temperature distribution of extrusion profile section for initial die
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Fig. 6 Shapes and structures for four kinds of diversion chamber

(a) Scheme 1 (b) Scheme 2

£4 SHEWEWSH (mm)
Table 4 Structure parameters of diversion chamber (mm)
VES H A B
1 50 19 20
2 50 15 20
3 30 17 30
4 30 15 30

(c¢) Scheme 3 (d) Scheme 4
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Fig. 7 Flow velocity and temperature distributions of profile sections based on different diversion chamber outlines
(a) Scheme 1, flow velocity (b) Scheme 1, temperature  (c) Scheme 2, flow velocity  (d) Scheme 2, temperature

(e) Scheme 3, flow velocity  (f) Scheme 3, temperature  (g) Scheme 4, flow velocity  (h) Scheme 4, temperature
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Table 5 Numerical simulation results of different diversion

chamber schemes

A R AR RIRRES B/
E (mm-s™)  (mm-sT) T < MN
1 80. 00 12.79 554.0 532.2 327
2 73.29 12.28 529.0 498.7 326
3 68.34 16. 82 518.8 498. 1 316
4 59.23 20.40 518.3 500. 8 311
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Fig. 8 Shapes of four unequal-length working belts

(a) Scheme A (b) Scheme B

R6 FAERIEFSH (mm)

Table 6 Parameters of unequal-length working belt (mm)

Wi H1 H2 H3
A 8 18 22
B 8 18 25
C 8 18 28
D 6 13 28

KT FAEFERIEEEOBEEDLSER
Table 7 Numerical simulation results of different unequal-

length working belts
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D 44. 40 25.76 517.5 504.5
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(¢) Scheme C (d) Scheme D
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Fig. 9 Flow velocity and temperature distributions of profile sections under different unequal-length working belts
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Fig. 10 Large ribbed thin-walled circular tube aluminum profile
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