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Metallurgical Factors Affecting Thermal Shock Cracking Resistance of
Work Roll for Cold Strip Mills
Shuzo OHHASHI, Tohru ISHIGURO and Hiroshi GOTOH
Synopsis :

A frictional thermal shock simulator of drop weight type, by rubbing mild steelbar reproduces slipping
accident occurres on cold strip mill work rolls and imposes a thermal shock on a specimen, was made and
used to study thermal shock cracking phenomenon on high carbon high chromium hardened steel.

A thermal shock produces two heat affected layers below the roll surface, one is rehardened layer and

the other is succeeding tempered layer.

The maximum depth of crack (d,..) occurred in a thermal shocked

area, as a criterion for the resistance to thermal shock cracking, correlates to the thickness of the

tempered layer.

The initiation site of thermal shock cracking is the upper position within the tempered
layer where just below the boundary between these two layers.

There seems to be coincidence of the

position between above initiation site and a peak of tensile residual stress generated in the tempered layer.
When a martensitic specimen, with greater degree of supersaturation with carbon results from higher
quenching temperature or lower subzero treatment temperature, is imposed a thermal shock on, d,,,, become

larger.

While high temperature tempering decreases d,q,.

The degree of supersaturation with carbon of

martensite is considered to be the governing factor of thermal shock cracking resistance.
Key words : thermal shock cracking ; heat affected layer; roll; high carbon high chromium hardened steel ;

supersaturation.
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Table 1. Chemical composition of steels used
(wt% ).
C Si Mn P ‘S Cr Mo \Y

A | 1.58 059 070 0.019 0.004 5.02 1.01 0.82
B 1.5 061 0.70 0.018 0.007 8.04 1.04 0.84
C 1.58 0.63 0.71  0.020 0.006 12.30 1.05 0.85
D | 1.57 060 070 0.018 0.006 18.48 1.07 0.88
E 1.55 0.61 0.72  0.025 0.006 8.35

F | 0.58 0.91 0.46 0.008 0.004 4.95 0.46 0.25

g
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— ~<Mild A ‘
'ls'est _ Steel Rod
men .
L 52 Omm pec ;
Polished with Polished with _@_ {%}
Emery Paper #400 / ‘Emery Paper #240
Cutting Fig. 1. Schematic illustration
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_8l N Erictional & N b & of thermal shock simulator
_gﬁ §§4 Trace (named “Drop weight type
k< i Pinion frictional  thermal  shock
= - simulator”).
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Fig. 2. Schematic diagram of heat treatment conditions.
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Photo. 1. Example of thermal shock crack
occurred on steel A (by 5% picral).
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Fig. 3. Example of hardness distribution in

thermal shock area (steel A).
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Fig. 4. Relation between thermal shock cracking characteristics and Cr contents.
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Fig. 5. Relation between maximum crack depth
and depth of heat affected layer as a function of Cr
content.
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Table 2. Hardness and volume fraction of retained
austenite (steel E, condition Il of Fig. 2).

Austenitizing Subzero treatment | Hardness Retained
temperature temperature HRC austenite 7g

(R.T.) 63.6 12.8%

950°C —40°C 64.2 11.4%

—90°C 64.3 7.2%

(R.T.) 63.4 23.9%

1000°C —40°C 64.4 15.8%

—90°C 65.5 9.0%

o (R.T.) 60.0 46.0%

1050°C —10°C 64.2 23.9%

o (R.T.) 41.2 100.0%

1100°C —40°C 58.5 49.5%
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Fig. 7. Relation between quenching temperature

and maximum crack depth as a function of subzero
treatment temperature.
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Fig. 8. Distribution of residual stress, hardness
and half value breadth of X-ray diffraction profile,
measured in thermal shocked area on steel F.
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Fig. 9. Effect of tempering temperature on

thermal shock cracking characteristics (steel C).
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Fig. 10. Effect of subzero treatment temperature
on thermal expansion behavior with rise in temper-
ature.
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