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Strength Evaluation Method for Roll Neck of Rolling Mills

Noviaki Inoue and Takaaki Ismkawa

Synopsis

. There was no technical data on stress concentration of deform cross section such as a roll neck shaft, that has a plane

on both sides. Accordingly, we had conventionally estimated maximum stress by using a stress concentration factor
data of the inscribed shaft in a plane. However, there was a fear to overestimate stress concentration by this method.
Therefore,we have done stress analysis of the roll neck by the three-dimensional F. E. M. (finite element method) and
stress measurement by the strain gauges on the roll neck model.

In our research, we have developed an experimental equation for estimating a stress concentration factor. As a
result, it was cleared up that the stress concentration factor, calculated by the conventional strength evaluation method,
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was excessive. And, it could be possible to design a rolling mill drives which have better strength balance.
stress concentration ; structural analysis; fatigue ; allowable stress; F.E.M.; measurement ; machine element ; roll
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Fig. 1. Practical shape of roll neck.
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Fig. 2. Simplification of roll neck.
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Fig. 3. Roll neck model for stress analysis.
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Fig. 4. Divided model for F.E.M..
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Fig. 7. Divided model for F.E.M. (Oval shaft).
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Table 1. Maximum stress of oval shaft.

Okubo 69.6N/mm? (7.1lkgf/mm?)
Load: 49.0X10*N-m (5,000kgf-m)

F.E.M. l 68 6N/mm? (7.0kgf/mm?)
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Fig. 8. Strain gauge location for stress measurment.
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Fig. 10. Calculated shearing stress distribution of
inner direction by F.E.M..
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Fig. 11. Roll neck shearing stress measured and
calculated by F.E. M. (Practical load, Deep
combination).
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Fig. 12. Calculated shearing stress distribution of
roll neck by F.E.M. (Deep combination).
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Fig. 13. Relation between radius of curvature and
stress concentration factor.

Table 2. Comparison with maximum shearing stress.

N/mm? (kgf/mm?)

Radius of : Shearing Stress Shearing Stress

Curvature Stress Concentration Factor By Conventional Method by Improved Method

p (mm) Nishida Peterson Nishida Peterson F.EM. Measured
5 1.85 1.71 128.5 (13.1) 118.7 (12.1) 101.0 (10.3) —
9 1.55 1.50 107.9 (11.0) 104.9 (10.7) 87.6 ( 8.93) 83.8 ( 8.55)
13 1.42 1.38 99.0 (10.1) 96.1 ( 9.80) 80.3 ( 8.19) —
17 1.35 1.31 95.3 ( 9.72) 91.2 ( 9.30) 76.1 ( 7.76) 75.8 ( 7.73)
25 1.25 1.22 87.1 ( 8.88) 84.9 ( 8.66) 71.8 (1 7.32) 71.0 ( 7.24)
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Fig. 14. Improved equation of stress concentration
factor.
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Fig. 15. Work roll neck(Oval neck).
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Table 3. Stress analysis of work roll neck. (175% over load)
Stress Concentration Maximum Shearing
Maker Etr;s/s of 9 ‘(/El fi?haftz) Equation for 7z, | Factor: a » Evaluation for a | Stress ??flg’?t'i;fecmr
o N/mm” {kgl/mm Notch Factor: 8 Tmax N/mm? (kgf/mm?)
; _ An Average of Peterson

A 216 (22.0) Okubo?® a=1.37 and Maker Method 295 (30.1) 0.70

Approximate to _
B 191 (19.5) Circumscribed Square a=1.50 Peterson? 287 (29.3) 0.72

ﬁpproxim?te to an 155

verage 0 a=1. C .

c 204 (20.8) Circumscribed Square B=1.26 Nishida'® 257 (26.2) 0.80

and Inscribed Oval
D 216 (22.0) Roark'? @=1.54 2 5

. oark =147 Peterson 317 (32.3) 0.65
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