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Some Consideration on the Premature Failure of Fully Hardened Roll
Kiyozo SAKABE

Synopsis:

Four high cold strip mill work rolls are fully hardened forged steel rolls which are made of high carbon
chromium steel with an ordinary composition of 0'8—1-15 percent carbon and 0-8—2-6 percent chromium,
subjected to water quenching and low temperature-stress relief at 100—250°C. They have residual
stresses caused by the above mentioned heat treatment, so they are very liable to have troubles in rolling
operations.

Major troubles occurring in the early period of the life of these rolls are fracture taking with time lag after
quenching in storage and fatigue fracture originating at the center bore surface in rolling operation. These
troubles are, it seems, ascribable to their manufacturing conditions . However, as the occurrence of these
fractures is not so frequent, the differences in properties between fractured rolls and sound rolls have not been
clarified yet. Common understanding was that delayed fracture would most likely be the result of quench
cracking due to heavy residual stresses developed during the quenching process of the roll, while the fatigue
fracture might be caused by defects existing in the vicinity of the bore.

A study on the manufacturing processes, properties and residual stresses of the roll has produced the
following result which conflicts with the conventional understanding.

1) The phenomenon of a fracture occurring in the roll with time lag after quenching is a delayed
failure caused by the hydrogen in the material under the influence of tensile residual stresses. It is not
a simple quench cracking. And the occurrence of the fracture is very frequent in the winter time.
This is not because the temperature was low, but because fractured rolls which had been cast in summer when
humidity was high and hydrogen content in molten steel was increased accordingly, were subjected to
quenching treatment in cold winter.

The delayed failure is likely to happen in a roll whose steel contains 35 ppm or more of hydrogen at
tapping.

Some rolls of this steel may incur fracture, but others do not, possibly because of nonuniform distribution
of hydrogen, excessive segregation and varied situation of micro defects from which fracture may originate.

2) Fatigue fracture at bore takes place even if there is no defect. The cause of fracture is that fatigue
strength is lowered by tensile residual stress acting as a mean stress against working stress in rolling opera-
tion. And it is inferred that tensile residual stress at bore is caused through insufficient cooling in bore under
quenching treatment.

(Received 28 1966 Sept.)
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Photo. 1. Typical brittle fracture of hardened roll.

100 ]
;i:i /'/,/
_ *
£ .
3
B v ’
8 60
g o
5 J
g 40 /
(1)
=1
g /A
2 20 ~
= /
’6 [ ]
B _w°/' .
S 0
3 5 10 50 . 100 300
Times 1o frocture ofter heat-treatment (doy)
Fig. 1. Relationship between frequency of the fra-
cture and times to fracture after heat treat-
ment.
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Fig. 2. Seasonal variation of frequency of fracture
of the rolls.
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Table 1. Range of chemical compositions of the
hardened rolls (wt%).

G Si Mn Ni Cr Mo A%

085 |0-2 0-2

17 o2 |4
/0-95|  j0-4] jo-4 09" 0-10*

/21| /040

*  optional addition
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Table 2. Amount of residual carbide and austenite in hardened layer at 5mm depth
from the roll surface.

Barrel dia Chemical composition % Qenching Tempering Residual Residual
Roll No. mm ’ temp. temp. carbide austenite
c Cr Mo °G °C % %
177 420 0-81 1-76 020 850 150 4-1 35
181 405 0-88 1-70 — 845 150 29 3-2
189 546 0-79 1-85 0-28 855 150 38 34
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Table 3. Chemical composition and mechanical property of the roll used in ductile-brittle

el

farnam o dd e & po s ga, ateneq vivendsreo dact
Iransition wmperature ana sircss rupturc test.

Roll No. Barrel dla'hardness

Surface | Chemical composition %,

Mechanical property *

mm Hs C Cr | Mo

Yield str. | Tensile str. | Elongation |Contraction

1188 546 98 079|185 028

43:0%

51'1kg/nnn283-4kg/nnn4 1889

* Nt. Mid-radius of the roll.
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Fig. :6. Vee-notch charpy transition temperature
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the hardened roll.
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Table 4. Hydrogen contents at tapping. Numbers of fractured rolls and expected

defectives of each heat.

Heat number 576 5109 5129 5131 5160 5177 .| 5205 5236 632
H, content (ppm) 2-2 3-1 2-9 2-7 31 36 2-9 561 3-52
Total number of rolls 2 7 6 12 I 9 10 12 2
Normals 2 7 5 11 1 4 8 6 2
Defectives 0 0 1 1 0 5 2 5 0
Fraction defective (%) 0 0 16-7 83 0 556 20-6 41-7 0
Expective value of normals | 133 5-37 4-60 9-22 0-76 6-90 7-66 8-36 1-53
Expective value of defectives 047 1-58 1-40 2- 80 0-24 2:10 2-34 2-58 0'47
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Fig. 10. Stress rupture test on the hydrogenated mid-radius
" material of the roll.
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Photo. 6. Typical axial fracture caused by fatigue in roil bore.
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Photo. 7. Fatigue cracks in cross section of roll.
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Table 5. Chemical composition and mechanical property of the roll used in fatigue test.

Roll No

mm

. {Surface
Barrel dia. hardness

H(s) C Cr

Chemical composition 9,

Mechanical property *

Mo \ A% Yield str.

Tensile str. | Elongation

Contraction

1061

410

98

0-79 | 1-93

0-24 lO'lO 49'2kg/1nnn271‘3kg/rnnﬂl 2480,

58-69%

*¥ at near the roll bore.

(kg/mm?)

Working stress

Fig. 15. Distribution of working stress in the roll
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Fig. 17. Residual stresses in a roll from the normal group.
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Fig. 18. Residual stresses in a roll from the defective group.
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