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Optimization of triple TP2 copper tube drawing process based on
numerical simulation
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Abstract: The triple tube drawing process plays a significant role in large deformation and high-quality tube drawing
program which can still be optimized when the elongation coefficient and deformation were computed depending on
some company’s existing triple TP2 tube drawing process. The relationships among temperature, equivalent stress and
deformation rate, drawing passes, drawing velocity were obtained by using the FEM software MSC.Marc. The optimized
FEM model can stand for the real process, the deformation temperature of the original process was measured and
contrasted with FEM result. The optimized process strategy was putted forward by the support of above mentioned
analysis and corresponding theory. The optimized tube drawing process is proved to have a high pass-deformation rate
which causes an apparent temperature rising, but exerts a little influence on the equivalent stress. Whatsmore, it is
improved that the drawing process project is feasible.
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Fig. 1 Force condition of floating plug in deformation zone:
1—Die; 2—Deformed tube; 3—Floating plug
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Fig. 2 Initial FEM model of tube: 1—Original tube; 2—Die;
3—Floating plug
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Table 1
copper tube

Thermal expansivity and yield strength of TP2

Temperature/ Thermal expansivity/ Yield strength/

C (pmm K" MPa

0 17.0 260
100 17.0 240
200 17.3 230
300 17.7 210
400 17.9 192

222 MREMASHRE

T 14.8 Mg/m®, FAPERIE: 700 GPa, I
FALL: 0.21; JHARMY f7: 142 GPa, #EHK A% 4.5
pm/(m-K).
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Table 2 Original and optimized process project of tube

Process  Tube dimension/ Cone angle/(°)
project mm Die Plug
Original 40X 1.85 15 10
process 33X 1.5 14 10
project 28X 1.2 13 10
Optimized 39185 15 10
process 30X 1.45 14 10
project 25X 1.2 13 10
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Table 3 Distribution of elongation coefficient of tube at

different drawing processes

Elongation coefficient

Process
Pass 1 Pass 2 Pass 3
Original drawing 1.68 1.49 1.47
Optimized drawing 1.73 1.66 1.45
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Fig. 3 Temperature change curves of original and optimized
tube forming process
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Fig. 4 Location of temperature extremum value of TP2
copper tube: (a) 300th increment step at 95 C; (b) 1220th
increment step at 109 °C; (c) 2340th increment step at 114 ‘C
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Table 4 Drawing speeds of tube in different processes

Drawing Drawing rate/(m-min ")
velocity Pass 1 Pass 2 Pass 3
Low 40 60 90
Middle 60 90 120
High 90 120 150
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Fig. 5 Effect of drawing speed on temperature field at

different processes: (a) Original process; (b) Optimized process
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Fig. 6 Change curves of equivalent stress of TP2 copper tube
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Fig. 7 Effect of drawing velocity on equivalent stress of TP2
copper tube: (a) Original process; (b) Optimized process
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Table 5 Experimental temperature
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Temperature/ ‘C

Average

Test position

Test one Test two Test three Test four Test five temperature/'C

Entrance of drawing one 349 35.4 35.8 36.0 35.9 35.6
Outlet of drawing one 48.5 46.7 42.7 50.5 49.1 47.5
Plug of drawing one 64.5 62.7 67.0 66.4 68.9 65.9
Entrance of drawing two 50.7 49.9 52.8 52.5 53.5 51.9
Outlet of drawing two 67.4 72.7 62.4 74.7 77.1 70.9
Plug of drawing two 90.2 85.1 84.9 82.8 93.3 87.3
Entrance of drawing three 41.6 43.0 43.7 46.7 46.6 443
Outlet of drawing three 79.0 80.2 86.9 87.3 79.3 82.5
Plug of drawing three 113.1 110.4 106.0 107.4 105.5 108.5
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Fig. 8 Microstructures of longitudinal section of TP2 copper tube by original process: (a) Three-roll planetary rolling; (b) 1st

drawing pass; (¢) 2nd drawing pass; (d) 3rd drawing pass



464 A G

201542 H

B9 DL TEN TP2 % F Ak ¥ B R

Fig. 9 Microstructures of longitudinal section of TP2 copper tube by optimized process: (a)Three-roll planetary rolling; (b) 1st

drawing pass; (c) 2nd drawing pass; (d) 3rd drawing pass
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