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FEA of Pipe Rolling Process Using Planetary Rolling Mill for Stainless Steel
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Abstract: Pipe rolling process using the planetary rolling mill for AISI 304 stainless steel
has been studied by using finite element method. Mannesmann method using three-roll
is applied to this rolling process. Commonly, rolling process has started from the cold
working and finished to the hot working. This rolling process has more advantage that
make reduction of process and cost than existing extrusion process. This process
includes various and complex process parameters. Each of the process parameters
affects forming result. Therefore, all of the process parameters should be considered in
FEA. In this study, possibility and productivity of forming pipe for AISI 304 stainless
steel had been investigated. Also, preheating process and variations of rotation velocity
and product thickness were considered in FEA. Rolling process for AISI 304 stainless
steel pipe was successfully simulated and it should be useful to determine optimal
rolling condition.
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(b) twist angle(3)
Figure 2: Tilting angle and twist angle of roll

(a) tilting angle(a)

Table 1: Analysis conditions of planetary rolling for
AISI 304

Friction factor 04~1.0
Rotation speed(rpm) 80~230
Revolution speed(rpm) 0

Wagon speed(mnys) 5~10
Tilting angle 43°~50°
Twist angle 4°~9°
Forming thickness(mm) 25~10
Area reduction ratio(%) 73.3~943
Pre-heating temp.(C) 850

Table 2: Environment condition of simulation con-

trol for rolling analysis[7]

Initial temperature (C") 20
Convection coefficient (W/m’” + C°) 0.02
Radiation constant (W/m’ - C**) 5.669x10™
Heat tranfer coefficient with 5

inter-object (W/m’ * C°)
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Figure 3: Relation between the strain-rate exponent
and temperature[8]
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(a) experiment(6)
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Figure 4: Deformation process of planetary rolling
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Figure 5: Analyzed results with variations of friction
constant(t=2.5mm, «=50°, 5=7.5°, 7,=207C)
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Figure 6: Analyzed results with stroke of wagon

planetary rolling(¢t=2.5mm, p=0.9, «=50° @

=7.5°, w,=130rpm, V,=8mm/s, 7,=20C)
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Figure 7: Temperature distributions according to tube
forming thickness for 20°C initial temperature(y,=0.9,

£=7.5°, w,=130rpm, V,=8mm/s)
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Figure 9: Temperature distributions according to tube
forming thickness for 850°C initial temperature
(1,09, =7.5°, w,=130rpm, V =8mm/s)
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Table 3: Rolling load according to the area reduct-
ion ratio for 850°C initial temperature(y,=0.9, 0

=7.5% w,=130rpm, V,=8mm/s)

Forming thick. Area reduction Rolling load
(mm) ratio(%) (kN)
5 88.0 661.9
7.5 81.0 789.4
10 73.3 980.7
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Table 4: Analyzed results with variations of rotational
speed(¢=2.5mm, p,=0.9, B=7.5°, V,=8mm/s, 7;=2

0C)
Rotational speed w,(rpm)
State variable 80 | 130 | 180 | 230
Max. temperature(C) 1240 | 1190 | 1230 | 1250
Rolling load(kN) 913 | 641 | 520 | 359
Rolling torque(kN-m) 155 | 10.8 | 9.18 | 4.57
Strain-effective 36.1 | 66.9 | 51.6 | 67.6
Stress-effective(MPa) 869 | 947 | 918 | 7%
Rolling speed(mnvs) 64.7 | 824 | 569 | 66.3
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