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Numerical simulation of deformation behavior for ring rolling process
HHIRE R 2 *

Morihiko Nakasaki

Synopsis: Ring rolling is one of useful processes for bearing race production. CAE analysis is useful even for the ring rolling

process to solve various problems, although the analysis requires long computational time by using Lagrangian

mesh through all processes. In this study, ALE (Arbitrary Lagrangian Eulerian) mesh was applied to 3-D CAE

analysis of 2-roll type and 3-roll type ring rolling, where non-deformed area was excluded from the calculation. In

the 2-roll rolling analysis, predicted velocity for rolls and rings showed good agreement with the experiment and

predicted diameter growth could be explained by Hayama's equation. In the 3-roll rolling analysis, the predicted

deformed shape of cross section and the predicted forward slip shape on the side of the ring showed good

agreement with the experiment. Forward slipped shape in the center of ring outer caused by the difference in

peripheral velocity of drive rolls was observed in 3-roll type ring rolling, the analysis also showed this phenomenon.

The calculation time with the ALE mesh was half of that with the Lagrange mesh. Consequently, it was found that

ALE mesh was practically useful for the CAE analysis of ring rolling processes.

Key words:cold ring rolling process; bearing steel; 3-D CAE analysis; ALE method; hot ring rolling process; 3-roll rolling
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Table 1 Cold rolling conditions

Condition 1 | 2
Material SUJ2 (spheroidized annealed)
Bearing type 6210
Drive roll diameter /mm ¢ 195
Mandrel diameter /mm ¢37
Mandrel drive roll diameter /mm ¢ 200
Angular velocity of drive roll /rad-s™ 6.28 1047
Angular velocity of mandrel /rad-s” 12.30 20.68
Feed speed of drive roll /mm-s™ 047 0.13
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Table 2 Measurement of cold ring rolling conditions

Condition 1 2
Feed speed of drive roll (measured) /mm-s” 0.35 0.13
Angular velocity of drive roll /rad-s™ 58 10.2
Peripheral speed of drive roll /mm-s” 563.0 993.0
Angular velocity of mandrel /rad-s 21.8 372
Peripheral speed of mandrel /mm:s™ 436.5 7433
Ring revolution number 13.8 70.7
Rolling time /s 5.6 152
fhvalue X107 9.4 2.1
Mandrel reduction ratio /% 338 44.8
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Table 3 CAE analysis conditions of cold ring rolling

Condition 1 2
Angular velocity of drive roll /rad-s” 5.77 10.18
Feed velocity /mm-s™ 1.010 0.369
Mandrel control Torque 0
Ring size $65.5X ¢50.5x20.0L
Friction factor m=0.4
Flow stress /MPa AISI52100 cold
Mesh Brick mesh
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Table 4 3-roll type ring rolling conditions

Material S45C
Temperature /'C 1000
Drive roll diameter /mm ¢ 370
Mandrel diameter /mm ¢ 72
Drive roll axis gradient angle ¢ /deg. 20
Angular velocity of drive roll /rad s’ 12.5
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Table 5 CAE analysis conditions

ALE
Mandrel torque 0
Friction coefficient m= 0.7 (Shear)
Feed speed of mandrel /mm-s’! v=45,6.0
Mesh type 8-node brick mesh
Number of elements 12000
Number of calculation steps 4000~7000
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Fig.14 Forward slip shape of three-roll-type ring
rolling (side)
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