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Abstract

The finite element method has been widely used in the analysis of ring rolling. For ring rolling it requires a high
computational expense due to the non-steady state material flow characteristics of the process. The high computational
expense causes the finite element analysis to be impractical for industrial applications. In the current study, we aim to
develop a practical implicit finite element modeling method for ring rolling. This method uses a step-wise steady state
assumption and is called the “Stepped method”. The stepped method divides the whole process time of unsteady-state flow
model into a finite number of steady-state models. It then solves the process at several specific time steps until convergence
is reached. In order to confirm the performance and validity of the newly proposed stepped method, the result from the
stepped method were compared to the results from a Lagrangian finite element method and to results from experiments

reported in the literature.
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Table 1 Boundary condition of stepped model
Substep-1 Substep-2
ut | vz [urs| u1 | U2 | UR3
Mandrel 0 View | 0 0
Main roll 0 0 0 W

Main Roll

Ref. Point
X

Fig. 3 Reference point and coordinate illustration of
stepped model for boundary condition

30
Actual process
Model-1 —e— Stepped method
25 Model-2
= Model-3
1S
— Model-4
g 20
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c
x
2 Model-6
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Model-7
10 Model-8
T T T
0 1 2 3 4 5

Time [sec]

Fig. 4 Comparison of Thickness reduction for actual
method and stepped method
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Table 2 Process condition of ring rolling

Case 1 Case 2
. Rate Work
Material Property .
dependent | hardening
] Full-time .
Comparison reference Experiment
FEA
Mandrel feeding velocity
3.00 0.092
[mm/s]
Process - .
Main-roll rotation
parameter . 60.0 31.0
velocity [RPM]
Process time [s] 240 62.7
Ri Inner diameter [mm] 55.0 76.2
in
. g Outer diameter [mm] 110 127
dimension -
Width [mm] 100 25.4
Roll Main roll diameter [mm] 500 228.6
dimension | Mandrel diameter [mm] 40.0 69.9
175
150 2 —
125
‘© /
g 100 —
Ay
g s .
= .
50 —a— Strain rate = 1/s
25 —a— Strain rate = 0.1/s
—e— Strain rate = 0.01/s|
O T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Strain

Fig. 7 Stress-strain curve for case 1
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