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Optimization of drawing parameters for
20/316L bimetal-lined pipe based on FEM simulation

LU Xiao-feng, ZHENG Xin

(College of Mechanical and Power Engineering, Nanjing University of Technology, Nanjing 210009, China)

Abstract: By means of the finite element analysis software ABAQUS6.5, a drawing forming process of bimetal-lined
pipe made of 20 carbon steel as the base tube and 316L stainless steel as the liner tube was simulated to analyze the axial,
radial and hoop stress distributions in the forming zone during the stable drawing stage. The reasons of transverse and
longitudinal crack on the liner tube and die wear were found. The distributions of drawing force and residual contact
pressure between the inner and outer pipe were discussed. The effects of drawing parameters(the semi-angle of drawing
dies a, the transition arc radius 7, the length of bearing part /, the friction coefficient x, the drawing velocity v, the
diameter of drawing dies d)on drawing 20/316L composite tube were investigated by using orthogonal experiment. The
optimal drawing parameters (o=11°, =3 mm, /=7 mm, x=0.05, v=0.03 m/s, d=17.3 mm) under the maximum residual
contact pressure and the influence of factors on analysis indexes were obtained according to the simulation results by the
methods of range analysis and variance analysis. Then the drawing process was further studied by using these optimal
parameters, and the results confirmed the effectiveness of the orthogonal experiment on optimization of drawing
composite tube parameters. Compared with the non-optimized parameters cemented carbide drawing dies, the application
experiment result shows that the working lifetime of the optimal cemented carbide drawing die can be increased 6 times.
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Fig.1 Schematic illustration of drawing forming pipe
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Fig.2 FE model of lined 316L composite tube in drawing
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Table 1 Mechanical properties of pipe materials

Material os /MPa oy, /MPa E /MPa u
316L 255 600 1.95x10° 0.26
20 300 485 2.06x10° 0.30
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Fig.3 Schematic diagram of mesh structure of FE model
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Fig.4 Axial stress of stable drawing
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Fig.5 Radial stress distribution of stable drawing

S, 833 \

(Ave. Crit.: 75%)
Pressure/MPa
+444 .8
+379.4
+314.0
+248.7
+183.3
+117.9 i
+52.55
-12.82
-78.19

-143.6
-208.9
-274.3
-339.7

B 6 AT Rk N A 1 N ) o A

Fig.6 Hoop stress distribution of stable drawing
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Fig.8 Changing curve of drawing force of composite pipe

forming process
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Table 2 Factors and levels of orthogonal experiment

Level A, B, C, D, E, F,
No. o/(°’)  r/mm  [/mm u  vA(ms) d/mm
1 8 2 6 0.05 0.01 17.1
2 9 3 7 0.10 0.02 17.2
3 10 4 8 0.15 0.03 17.3
4 11 5 9 0.20 0.04 17.4
5 12 6 10 0.25 0.05 17.5
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Table 3 Scheme of orthogonal experiment

Experiment No. A B C D E F Residual contact pressure/MPa ~ Drawing force/kN

1 8 2 6 0.05 0.01 17.1 7.46 3.667

2 8 3 7 0.10 0.02 17.2 15.78 8.713

3 8 4 8 0.15 0.03 17.3 15.38 14.357
4 8 5 9 0.20 0.04 17.4 13.21 21.518
5 8 6 10 0.25 0.05 17.5 4.62 28.321
6 9 2 7 0.15 0.04 17.5 13.66 18.292
7 9 3 8 0.20 0.05 17.1 5.20 6.467

8 9 4 9 0.25 0.01 17.2 11.07 16.979
9 9 5 10 0.05 0.02 17.3 17.02 8.021

10 9 6 6 0.10 0.03 17.4 18.01 12.063
11 10 2 8 0.25 0.02 17.4 11.59 23.895
12 10 3 9 0.05 0.03 17.5 14.9 10.963
13 10 4 10 0.10 0.04 17.1 7.15 4.760
14 10 5 6 0.15 0.05 17.2 13.73 10.845
15 10 6 7 0.20 0.01 17.3 15.57 17.152
16 11 2 9 0.10 0.05 17.3 16.49 11.546
17 11 3 10 0.15 0.01 17.4 17.77 17.725
18 11 4 6 0.20 0.02 17.5 14.13 21.074
19 11 5 7 0.25 0.03 17.1 5.60 7.295

20 11 6 8 0.05 0.04 17.3 18.15 7.877
21 12 2 10 0.20 0.03 17.2 2.40 10.121
22 12 3 6 0.25 0.04 17.3 13.36 17.670
23 12 4 7 0.05 0.05 17.4 18.24 9.135

24 12 5 8 0.10 0.01 17.5 14.74 14.553
25 12 6 9 0.15 0.02 17.1 7.22 5.568

R4 ELERER
Table 4 Results of orthogonal experiment
Residual contact pressure/MPa Drawing force/N
. A B C D E F A B C D E F
ky 11.29 1032 1334 1515 1332 6.53 153152 13504.2 13063.8 7932.6 140152 55514

ky 1299 1340 13.77 1443 13.15 10.75 12364.4 12307.6 121174 10327.0 134542 11664.5
) 1259 13.19 13.01 1355 11.26 16.00 13523.0 13261.0 13429.8 133574 10959.8 12770.5
ky 1443 12.86 1258 10.10 13.12 15.76 13103.4 124464 13314.8 152664 140234 16867.2
ks 11.19  12.71 9.79 9.25 11.66 12.41 114094 141962 13789.6 18832.0 13262.8 18640.6

Ay 3.24 3.08 3.98 591 2.06 9.47 3905.8 1888.6 16722 108994 3063.6 13089.2
Rank 4 5 3 2 6 1 3 5 6 2 4 1
Optlmal A4 B2 C2 D1 E] F3 A5 B2 C2 Dl E3 F1
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Table 5 Variance analysis of simulation results
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Fig.9 Simulation curve of residual contact pressure of inner

and outer pipe under optimized condition
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Fig.10 Simulation curve of drawing force of composite pipe

forming process under optimized condition

Residual contact pressure/MPa

Drawing force/N

Factor Variance DOF F Foos Significant Variance DOF F Fyos  Significant

A 35.710 4 0361 2.78 # 43 280 039.440 4 0.261 2.78 #

B 31.115 4 0315 2.78 # 12 183 821.84 4 0.075  2.78 #

C 49.583 4 0.501 2.78 # 7 939 945.04 4 0.049 2.78 #

D 141.083 4 1.426 2.78 # 359 988 200.24 4 2220 278 #

E 18.589 4 0.188 2.78 # 32 066 983 044 4 0.198 2.78 #

F 317.363 4 3209 2.78 * 518204 696.14 4 3.196 278 *
Error 593.44 24 972 763 686.14 24
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Fig.11 Test equipment of drawing composite pipe
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