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Optimization of drawing parameters for copper tubes with
hollow sinking based on FEM simulation
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Abstract: In order to investigate the influence of drawing parameters on the deformation of copper tubes in hollow
sinking, the nonlinear finite element software was used to simulate the whole copper tube hollow sinking process. The
distributions of the axial stress and radial stress were analyzed, and the mechanism of drawn copper tubes diameter
shrinking was explained. The influences of drawing parameters (the semi-angle of drawing dies o, the transition arc
radius R, the length of bearing part L, the friction coefficient u, the drawing velocity v) on copper tubes hollow sinking
were investigated by using orthogonal experiment. The optimal drawing parameters (¢=9°, R=5 mm, L=2 mm, x=0.05,
v=100 m/min) under certain reduction of area and the influence of factors on analysis indexes were obtained according to
the simulation results by range analysis and variance analysis. Furthermore, the optimal drawing parameters were
simulated by FEM, and the simulation results confirmed the effectiveness of the orthogonal experiment in optimizing
tubes drawing in hollow sinking. It is of great significant for improving the quality of drawn copper tubes and prolonging
the lifetime of drawing dies.
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Fig.1 Schematic illustration of copper tube in hollow sinking
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Fig.3 Axial stress distribution of copper tube in hollow

sinking
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Table 2 Scheme and results of orthogonal experiment
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Table 1 Factors and levels of orthogonal experiment

A B C D E
Level .
a/(") R/mm L/mm u v/(mmin )
Level 1 8 1 1.0 0.05 48
Level 2 9 2 1.5 0.10 100
Level 3 10 3 2.0 0.15 300
Level 4 11 4 2.5 0.20 500
Level 5 12 5 3.0 0.25 800

Single-side diameter shrinking of Maximum equivalent stress of

Experiment number 4 B ¢ b £ F(Blank) copper tubes, d/pm drawing dies, o/MPa
1 1 1 1 1 1 1 20.141 236.967
2 1 2 2 2 2 2 11.26 172.4
3 1 3 3 3 3 3 10.778 166.426
4 1 4 4 4 4 4 5.097 155.727
5 1 5 5 5 5 5 0.0823 123.3
6 2 1 2 3 4 5 30.005 215.495
7 2 2 3 4 5 1 18.505 154.853
8 2 3 4 5 1 2 16.568 172.183
9 2 4 5 1 2 3 4.197 145.487
10 2 5 1 2 3 4 —0.78 129.577
11 3 1 3 5 2 4 37.876 111.659
12 3 2 4 1 3 5 20.873 155.555
13 3 3 5 2 4 1 17.336 184.932
14 3 4 1 3 5 2 8.571 147.906
15 3 5 2 4 1 3 4.267 136.371
16 4 1 4 2 5 3 36.513 226.94
17 4 2 5 3 1 4 21.946 160.581
18 4 3 1 4 2 5 18.983 201.48
19 4 4 2 5 3 1 10.189 156.867

20 4 5 3 1 4 3 1.949 127.943
21 5 1 5 4 3 2 50.739 107.993
22 5 2 1 5 4 3 39.702 230.91
23 5 3 2 1 5 4 21.553 153.14
24 5 4 3 2 1 5 14.729 142.619
25 5 5 4 3 2 1 2.581 119.704
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Table 3 Range analysis of simulation results

Single-side diameter shrinking of copper tubes, d/um

Maximum equivalent stress of drawing dies, o/MPa

K; A B C D E A B C D E
K, 9.472 35.055 17.323 13.743 15.530 170.946 179.811 189.368 163.818 169.744
K, 13.699 22.457 15.455 15.812 14.979 163.519  174.860  166.855 171.294  150.146
K; 17.785 17.044 16.767 14.776 18.360 147.285 175.632  140.700  162.022  143.284
K, 17.916 8.557 16.326 19.518 18.818 174.762  149.721 166.022  151.285 183.001
K 25.861 1.620 18.860 20.883 17.045 150.873 127.379  144.459 158984  161.228
Ry 16.389 33.435 3.405 7.140 3.839 27.471 52.432 48.668 20.009 39.717
Rank 2 1 5 3 4 4 1 2 5 3
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Fig.6 Simulation of optimal scheme of copper tube in hollow
sinking: (a) Equivalent stress distribution of copper tube; (b)
Equivalent stress distribution of drawing die; (c¢) Radial

displacement of copper tube outer surface
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Table 4 Variance analysis of simulation results

Single-side diameter shrinking of copper tubes, d/um

Maximum equivalent stress of drawing dies, 6/MPa

Factor ~ Variance DOF F Foor Significant ~ Variance DOF F Foor Significant
A 737.633 4 1.001 4.220 # 2922.671 4 0.365 4.220 #
B 3317.920 4 4.503 4.220 * 10 082.348 4 1.258 4.220 #
C 32.228 4 0.044 4.220 # 7 743.956 4 0.966 4.220 #
D 191.882 4 0.260 4.220 # 1061.211 4 0.132 4.220 #
E 56.921 4 0.077 4.220 # 4 955.499 4 0.618 4.220 #
Error 4 421.13 24 48 090.58 24

%4 9.523 2 mm, SIS AME IR ZE AN 0.03%.
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1) T8 b6 A A PO R AT BT B, 38 T R
AT AR A AR Al ) S AR I N ) a3 AT,  FEE A
T ARG AR R o

2) R R 4 F A 22 55 T ZE Ay BT Rl A, AR
=2 IS S O 2 D S eV SN NG T =g b= AL a1
Ldp o B3, FLBEA I B I A2 PR 38 n, S ks
(1 BRI 447 A% AR b K5 280N, ) B AE AN W o) 5
v o 0 57 7 A I 1) B A A% e B AL T Y A 1 4
KA 30 5 1 T T AL e AR R R R 18 n 2045 R T A
H 1 B KA RN ) 9/ 6 Bt 55, 30 e 5 D 22 %)
Sy HTHRFR 1 520 AR AR XL/

3) W IEAT SIS b, 193] R &1 K
A RS BB TR M 97, ¥R
A2k 5 mm, EARCREN 2 mm, BEEEIECA 0.05,
PIHGESE N 100 m/min.

4) WAL T AT HAE RS, B bk i i o
7 GBS AMEIRZE N 0.03%,  [R] IR (R 5 K S5 5508
NAELPERIUE, HAE N 114.862 MPa, U4t
F W 1E AT S G 43 B 6 2 b 4 b i S B i
LYq

REFERENCES

[1] KAZUNARI Y, MASAKI W, HIROSHI I. Drawing of Ni-Ti
shape-memory-alloy fine tubes used in medical tests[J]. Journal
of Materials Processing Technology, 2001, 118: 251-255.

[2] TAKASHI K, KEIGO N, TOMOHIRO S. Effect of plug on

[3]

(4]

[3]

(6]

(7]

(8]

(9]

leveling of residual stress in tube drawing[J]. Journal of
Materials Processing Technology, 2008, 204: 162—168.

QUAN Guo-zheng, ZHOU Jie, WANG Meng-han, QUAN
Guo-hui, TONG Ying. Deforming mechanism of non-mandrel
drawing process of circular aluminum tube by simulation[J].
Trans Nonferrous Met Soc China, 2006, 16: s1301-s1304.
BERESR, MW, XI5, RFE, BEEH. £T
ANSYS/LS-DYNA 2 HANE A RIT i [J]. WL LR AR,
2005, 12(5): 74-77.

XUE Long-quan, HE Ya-feng, LIU Rong-chang, DAI Chun-ying,
CHEN Jun-tao. FEA on empty-sunken steel tube based on
ANSYS/LSDYNA[J]. Journal of Plasticity Engineering, 2005,
12(5): 74-77.

fr K, sk L TR SRR SO SO BRSO
i ) S Bl A3 AT ], B TR 244, 2007, 14(1): 89-93.

YU Qing, ZHANG Kan, HE Ya-feng. Explicit dynamic analysis
on the result actions of drawing styles in cold steel tube drawing
process[J]. Journal of Plasticity Engineering, 2007, 14(1):
89-93.

it SR BIEBOBE RERAIM]. Jbat HUBL TP H AR,
1999: 24 —27.

LI Shang-jian. Simulation of metal plastic forming process[M].
Beijing: Machinery Industry Press, 1999: 24-27.

T, ESERE, B 3k, Fh G, HIRM. AIROCIRALEL S
JB BV e 2 e ) A () D). MRk TRE AR, 2000, 7(4):
12-15.

SU Lan, WANG Xian-jin, TANG Di, SUN lJi-xian, TIAN
Rong-bin. A study on contact problem of plastic metal forming
with finite element method[J]. Journal of Plasticity Engineering,
2000, 7(4): 12-15.

M, BREE, $ReRE. SR A RO R S
MAM]. dbnt: 4 Tl s, 2003: 38-39.

LIU Jian-sheng, CHEN Hui-qin, GUO Xiao-xia. Finite element
simulation and application of metal plastic forming[M]. Beijing:
Metallurgical Industry Press, 2003: 38—39.

CHEN Dyi-Cheng, HUANG Jheng-Yu. Design of brass alloy
drawing process using Taguchi method [J]. Mater Sci Eng A,
2007, 464: 135—140.



2252 o E AT (05 R R 2008 4 12 A
[10] F4k, &=5E, k. EMPik RSB Sk mandrel[J]. Journal of Materials Processing Technology, 2003,

[11]

[12]

[14]

NI, BEPE T RE2AHR, 2001, 8(4): 40-44.

WANG lJi-zhou, LI Jin-xia, TAI Zhen-zhong. Inhomogeneous
deformation and residual stress in tube drawing[J]. Journal of
Plasticity Engineering, 2001, 8(4): 40—44.

HDLAR, AR, GRS, gk s sl B Sk R AR
FEARALIOA BROCRE[T]. Pk TRE244H, 2005, 12(2): 61-64.
SHEN Wei-hua, LI Zhang-gang, LIU Hua-min, ZHANG
Shi-hong. FEM simulation of the optimization of the die angle
with the floating plug drawing process of copper tubes[J].
Journal of Plasticity Engineering, 2005, 12(2): 61-64.
KAZUNARI Y, HIROAKI F. Mandrel drawing and plug drawing
of shape-memory-alloy fine tubes used in catheter and stents[J].
Journal of Materials Processing Technology, 2004, 153/154:
145-150.

SADOK L, KUSIAK J, PACKO M, RUMINSKI M. State of
strain in the tube sinking process[J]. Journal of Materials
Processing Technology, 1996, 60: 161-166.

ALEXANDROVA N. Fracture analysis of tube drawing with a

[15]

[16]

[17]

142: 755-761.

KRlE, 200K, L, W/ AZIVBEG SRR
iﬁﬁ*ﬂ?ﬂ%%%ﬁﬂﬁ[ﬂ. o E A8 R E R, 2006, 16(4):
580—585.

CHANG Qun-feng, LI Da-yong, PENG Ying-hong, ZENG
Xiao-qin. Numerical simulation and experimental study of warm
deep drawing of AZ3 1 magnesium alloy sheet[J]. The Chinese
Journal of Nonferrous Metals, 2006, 16(4): 580—585.

Rz, & W, B A U RO R LA TR
T EAFRI]. FHEHLN A, 2000, 29(5): 42-46.

HAN Bao-yun, JIN ming, ZHONG Qian-xia. Computer FE
simulation of steel tube free sinking process with arc die[J].
Journal of Computer Application, 2000, 29(5): 42—46.
SEETHL, LI X P, LEE K S, LIU L Q. Cold drawing of micro
NigoFe,/Cu composite wires[J]. Journal of Materials Processing
Technology, 2007, 192/193: 350—354.

(4RiE  (FE)



