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Improvement of Resistance to Breakage of Hot Work Roll with High
Rolling L.oad on the Basis of Fracture Mechanics

Makoto SAITO, Sadao OTA and Hiroshi ToyoDa

Synopsis :

Mechanism of breakage of hot work roll with high rolling load was analyzed on the basis of fracture
mechanics. It was revealed that the process to the breakage of hot work roll could be represented as a cir-
cumferential fatigue crack growth from the fire crack to the critical depth, where stress intensity factor
was equal to the fracture toughness of the roll material. Simulation of the circumferential fatigue crack
growth was carried out on a continious billet mill roll using fatigue crack propagation properties (f.c.p.p.) of
the roll material. The simulation results could explain the breakage pattern of the roll on actual rolling ser-
vice, and made it clear that the life of hot work roll before breakage highly depended on the f.c.p.p. Test
rolls (ultra high carbon steel roll) with superior f.c.p.p. were manufactured on the basis of the previous
study made by the autors. From the performance results, it was found that resistance to breakage of the
test rolls was remarkably improved and that the total rolling tonnage of the test rolls could be increased by
50% with the help of the improvement of wear due to the massive carbide which was intentionally intro-
duced for the improvement of f.c.p.p.

Key words : breakage of hot work roll ; circumferential crack growth ; ultra high carbon steel roll ; fatigue
crack propagation properties.
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(a) Slab mill roll (¢ 1 050)
(b) Continious billet mill roll (¢ 600)

Photo. 1. Typical appearance of fracture surface
of hot wrok rolls with high rolling load. Arrows in-
dicate circumferential fatigue crack.

A 4

Axial direction

Photo. 2. Typical surface crack appearance of hot
work roll (color checked).
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: Fire crack depth

: Circumferential crack depth

: Circumferential crack growth
length / 10 revolutions

. Initial bending stress

: Bending stress

: Stress intensity factor of the
circumferential crack

: Fracture toughness of
the roll material
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scrapped
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STOP

Fig. 1. Flow chart of simulation for circumferential
fatigue crack growth on actual rolling service.
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Fig. 2. Dimensions of test roll.

Table 1. Typical rolling force and initial bending
stress of the billet mill roll used for simulation for
fatigue crack extension.

Billet Tem;():zrature Force Initial bending stress

(MN) (MPa)

~ 1030 2.20 (120)

0.5 C steel 980 2.80 19(152)
Cr-Mo steel 1030 3.00 21(168)
980 3.40 23(184)

() : Bending stress at the bottom of the kaliber
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Table 2. Constants used in the simulation of
circumferential fatigue crack growth.

14 MPa, 19 MPa, 24 MPa
25000t

Initial bending stress

Scheduled rolling tonnage
per one cycle

Number of revolution
per tonnage

Reduction of radius of roll
due to dressing

2.2 revolutions (1 st cyc\e‘)
2.7 revolutions (final cycle*)
6 mm per one cycle

Fire crack depth 2 mm
Cfor da/dn=C{AK)™ 1.33x107 1
m for da/dn=C(AK)™ 3.74

Fracture toughness 57 MPam'"2

* One cycle : The rolling service from one dressing to the next dressing
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Fig. 3. Results of simulation showing circum-
ferential crack growth of conventional billet mill
roll in actual rolling service condition.
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Fig. 4. Results of simulation showing the effect of

fracture toughness (K;¢) and fatigue crack propaga-
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life of hot work roll to breakage.
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Photo. 3. Microstructure of ultra high carbon steels tested for fatigue crack propagation properties

(eutectic carbides are shown in light contrast).

Table 3. Manufacturing conditions of the test
materials.

Cooling rate

. Nominal compositions during Forging ratio
Material (wt%) solidification (s)
(c/min)
A 1.6 C-3 Cr-0.3 Mo 20 3.5
B 1.6 C-3 Cr-0.3 Mo 3 3.5
C 1.6 C-3 Cr-0.3 Mo 3 1.5
D 1.9C-3Cr-0.3 Mo 2 3.5
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Fig. 6. Effect of carbide orientation on the
fatigue crack propagation properties.
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Table 4. Comparison of material properties
between conventional roll and the test roll.

Roll T. S. Y. P. Elongation Fracture toughness
(MPa) (MPa) (%) (MPa m'"?)
Conventional roll 850 580 4.5 57
Test roll 780 520 1.5 438
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Fig. 7. Results of simulation showing circum-
ferential crack growth of the test roll on actual
rolling service condition ((1) and (2)), and the result
on the new condition where scheduled rolling ton-
nage per rolling service cycle was increased by

50% ((3)).

(a), (b) As removed from the roll stand
(c), (d) After dressed 5 mm in radius
(a), (¢) Conventional roll

(b), (d) Improved roli

Photo. 4. Appearance of circum-
ferential fatigue crack at the bottom
of the kaliber of tested rolls after
the first rolling service cycle

(25 000 t).
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Photo. 5. Appearance of the crack at the bottom
of the kaliber of the improved roll after 42 000t
rolled. Arrow indicates slightly extended circum-
ferential crack.
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