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Research on reduction of residual stress on bearing steel tubes
Takayuki Kasai and Ichiro Takasu

Synopsis: Bearing steel tubes in Sanyo Special Steel have been dedicated to customers as long steel tubes or cut rings

(formed and fabricated materials). They are processed into bearing races at the customer. While the long steel

tubes are cut in rings, they are sometimes distorted. This causes inferior goods because of roundness failure.

In order to improve the roundness of cut rings, effects of each process after cold pilger rolling were investigated.

Consequently, the followings were found;

* In order to improve roundness of cut rings, changing the set-up condition of the multi-roll straightening to large

offset and small crash was effective and made residual stress of tubes reduced and roundness of cut rings.

* As a result of CAE analysis with stress and strain in the multi-roll straightening, axial direction strain was mainly

influenced by the offset of the multi-roll straightening conditions and circumferential direction strain was mainly

influenced by the crash conditions. Moreover, it became theoretically clear that residual stress can be reduced by

the set-up condition of large offset and small crash.
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Fig.1. Definition of roundness.
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Fig.2. Schematic diagrams of radius method and
diameter method.

Tablel. Chemical compositions of specimen

O massO L
(@ Si Mn P S Ni Cr Mo Cu

0.984 0.18 0.40 0.008 0.006 0.08 1.40 0.02 0.14
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Fig.4. Roundness of tubes and rings.
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Fig.3. Measuring method of roundness.
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Fig.5. Slitting method.
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Fig.6. Relationship between changing rate of round-
ness and sensitivity of outer diameter.
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Fig.7. Tube forming process.
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Fig.8. Roundness and residual stress in each processes.
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Fig.9. Schematic diagram of offset and crash.
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Table2. Test conditions of offset and crash change

Sizing . . . . .
Condition 0 Cold pilgerling processC] Multi-roll straightening 2-Roll Straightening
Reduction of diameter Offset Crash Crash
1 Small Normal
2 ] Normal
arge
Normal 9
3 Normal Sl
4 Large
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Fig.10. Effects of offset on residual stress and roundness.
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Fig.11. Effects of crash on residual stress and roundness.
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Fig.12. Characteristic diagram in roundness.

Table3. Test conditions of the reduction change in straightening

Sizing . . .
Condition U Cold pilgerling processl] Multi-roll straightening 2-Roll Straightening
Reduction of diameter Offset Crash
5 Normal Normal
small Large Small
6 9 Normal
7 Normal Normal
Large
8 Large Small
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Fig.13. Effects of reduction and straightening condition on roundness.
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Fig.14. 3D-Analysis model for multi-roll straightening.
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