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Finite Element Analysis of copper tube rolling process using the Planetary rolling mill
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Fig. 1 Assembly of Planetary rolling mill

(a) tilting angle
Fig. 2 Tilting angle(«) and twist angle(3) of Roll

(b) twist angle

Table 1 Analysis conditions and material properties

Copper tube thickness(mm) 30
Tilting angle(°) 40
Twist angle(®) 8~14
Analysis Revolution speed of Roll(rpm) 230~380
condition Rotation speed of Roll(rpm) 60~160
Wagon speed(mm/s) 20
Mandrel diameter(mm) 26
Simulation steps(step) 4000
Material CDA 110
Hardness(HRF) 40
Material Modulus of elasticity(GPa) 115
Property Yield strength(MPa) 69
Ultimate tensile strength(MPa) 220
Poisson’s ratio 0.33
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(b) inside of formed billet by  (c) inside of practical formed
simulation billet

Fig. 3 Forming mechanism of Billet
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Fig. 4 Vibration by eccentric of roll

(a) existence of eccentric (b) nonexistence of eccentric

Fig. 5 Roll mark of billet by existence and nonexistence of eccentric
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332.8mm

282rpm

(a) rotation : 110rpm, revolution : Orpm

333.1mm

(c) rotation : 110rpm, revolution : 310rpm

Fit. 6 Forming speed of billet by revolution speed of roll

Table 2 Results of billet by twist angle of roll

15 14° 11.6° 9.2° 8°

forming speed 240mm/s | 237mm/s | 229mm/s -
temperature of billet | 784 C 752.5C 653.5C -
stress of billet 223MPa | 252.5MPa | 282MPa -
strain of billet 25.35 20.35 18.3 -

Table 3 Results of billet by rotation of roll

rotation speed 160rpm 110rpm 60rpm
forming speed 231mm/s 229mm/s 180mm/s
temperature of billet 735C 653.5C 622.5C
stress of billet 262MPa 282MPa 300MPa
strain of billet 20.75 18.3 12.55

Table 4 Results of billet by existence and nonexistence of step in roll

step in roll existence nonexistence
forming speed 229mm/s 221mm/s
temperature of billet 653.5C 704.5C
stress of billet 282MPa 273.5MPa
strain of billet 18.3 22.8

4. B

E3te] it sherk.
A EYe s
o) Aagoss A el

i
10
N
|
e
o
o,
ki
N
i
1o
ot
X,

ot 9,

o

o

Horlo oy
e b

e 2

=2, 1o

oX rlo

=
N ool oft
a2
)
e
r ol
i)
o L
i
fo
o,
ul

(98]
i
Lo
N
N
L

= §g4o] FolAM $ol i

slovt £He)

{0

N
- T

i
™ o

Mo o
H
N

0]
of K
[o ofy |
N
ro
k)
uls
=Y
o
2
Y
]
4

o,
2
o,

o
i
Lo
>
)
I *
ko ®
DR

obAe] % v}aie)
=B AHEE
o ooz

8

2173} o] 7}
off u] &S A%, oF 160mpm ] 418l
2o AAEEI FohekE Ao ABA
JFst 42 Aolr

5 2ol Av)9h @4 0 Be adle] HEAl 2 dFS
Al 2 Aol vk F7h 918 2ol who] Wadl slow
ek,

2

e

B ERe ANFARY ARoz AT U4 Y

A el AT AT
Hame

1. K. Aoyagi, K. Ohta, "Material deformation, rolling load and torque
in three-roll planetary mill", J. Jpn. Soc. Technol. Plasticity 24,
pp-1039-1047, 1983

2. W.J. Ammerling, H. Brauer, "Application of 3-roll technology for
rolling specialty rod and bar products", Iron Steel Eng. 65, pp.22-27,
1988

3. T.Nishio, T. Noma, S. Karashige, H. Hino, T. Tsuta and K. Kadota,
"Development of three-roll planetary mill(PSW)", Kawasaki Steel
Tech. Rep. 84, pp.81-90, 1995

4. R.J.Montecinos, E. S. Arauco, "An investigation into rolling process
of copper tubes", Journal of Materials Processing Technology 95,
pp-139-144, 1999

7. C. K. Shih, C. Hung and R. Q. Hsu, "The finite element analysis
on planetary rolling process", Journal of Materials Processing
Technology 113, pp.115-123, 2001

8. S.J. Wu, Y. M. Hwang and M. H. Chang, "A three-dimensional
finite element analysis of the three-roll planetary mill", Journal of
Materials Processing Technology 123, pp.336-345, 2002

482





