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Stress Analysis of Grooved Rolls Having Closed Passes and Discussion on

Their Groove Shapes by photoelastic Methods

Synopsis:

Kenji Mivazawa

There was a breaking accident of a solid grooved roll having closed passes, which seemed to be broken at

a groove bottom mainly by mechanical stresses.

The stresses were analyzed by a three-dimensional photoelastic method and the cause of the breakage
was studied. The effect of groove shapes on the stress distribution of the grooved roll was investigated by a
two-dimensional photoelastic method. The main results obtained are as follows:

1) As a result of the stress analysis of the solid grooved roll having closed passes, it became clear that
the breakage was caused by too large mechanical working stresses.

2) To prevent the breaking accident of the grooved roll at a groove fillet, it is most effective to make the

diameter of the groove and collar as large as possible.

Key words: stress analysis; photoelastic method; grooved roll; closed pass; breakage; groove shape;

mechanical stress.
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Fig. 2. Several shapes and dimensions
of groove fillets of two-dimensional top
roll models (1/5).
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a : Top roll model
b : Bottom roll model
Fig. 1. Dimension of three-dimensional models of

grooved rolls (1/10).
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Fig. 3. Method of loading on three-dimensional
roll models.

Photo. 1. Appearance of a set of three-dimension-
al roll medels.
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a : Isochromatic fringe orders in top roll model
b : Isochromati¢ fringe orders in bottom roll model

Fig. 4. Distribution of isochromatic fringe orders
in three-dimensional roll models.
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a : Fringes in top roll model
b : Fringes in bottom roll model

Photo. 2. Isochromatic fringes in three-
dimensional roll models.
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a : Fringes in A type roll model
b : Fringes in D type roll model

Photo. 3. Isochromatic fringes in two-dimensional
top roll models.

a : Isochromatic fringe orders in original roll model
b : Isochromatic fringe orders in A type roll model
¢ : Isochromatic fringe orders in D type roll model

Fig. 5. Distribution of isochromatic fringe orders
in several groove shapes of two-dimensional top
roll models.

a : Isochromatic fringe orders in F type roll model
b : Isochromatic fringe orders in bottom roll model

Fig. 6. Distribution of isochromatic fringe orders
in two-dimensional F type and bottom roll model.
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Table 1.
roll models.

Stresses at groove fillets of three-dimensional

Position a b 07 d e f h
Fringe order 1.1 0.6 0.6 2.2 2.7 0.7 0.7 2.4
Stress (kgf/em?) | +0.51|+0.28 +o.zs}+1.oz +1.25]+0.32| +0.32{ +1.11 &b cdet gh
Position i j k 1 m — — n
- Top roli model
Fringe order 3.1 1.7 3.0 4.7 5.2 — — 4.6
Stress (kgf/cm?) —1.44(—0.79(—1.39|—2.18|—2.41] — — |-2.13 i kKt m
Position o p — —
Fringe order 3.6 5.2 — —
Stress (kgf/cm?) ~1.78 —2.58 — —
Bottom roll model
Position q r s q r s t
Fringe order 0.6 1.1 1.2 1.
Stress (kgf/cm?) +0.29 +0.54 +0.59 +0.49
k)
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r
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a : Whole view
b : Fracture surface

Photo. 4. Breaking condition of a top grooved roll
having closed passes.
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a : Circumferentially cracked grooved roll
b : Circumferentially notched round bar
¢ : Circumferentially notched round bar with axial hole

Fig. 7. Relation between a cracked grooved roll
and notched round bars.
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&t

FHE2RLO—NVETFNOFRICB I AERBERE
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Table 2. Stresses at groove fillets in the tensile
side in several two-dimensional roll model (load
757 gf ).

Groove shape Tensile stress (kgf/cm?)
Original 062 [0.24]|0.29] 119 152 )0.48/0.43| 138
A 0.62)062[0.38[0.48| - 110|133 ]095|057]052| - |10
B 0.62[048[0.33/048| - |110{138] - lo57l0s52| - [110
c 048[0.62[0.33]052[1.00{ 1.29 [1.43]0.710.62]0.95[0.81
D | o052 [oi9fo24| 090 [ 110 [o3slaszs| 105
E 0.48 0.86 119 114
F 0.68 092 0.95 0.81
Bottom roll
model 0.67 091 094 0.81
a
b

a : Closed pass in original rolls
b : Open pass in the rolls of improved strength

Fig. 8. Two types of pass.
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