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Fracture Mechanics Characteristics of Cast Roll Materials for Steel Hot Rolling
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Abstract:

In the hot rolling, the rolls are generally consumed by wear under normal operation. However
mechanical or thermal cracks generate and propagate, when accidents occur in rolling operation.
Therefore, fracture toughness and crack propagation characteristics were investigated using COD
and CT test specimens for the typical materials of hot rolling rolls, such as alloy cast steel (CS),
adamite (AD), nihard cast iron (IC), high chromium cast iron (HCR) and multi-component white
cast iron (HSS). Fracture toughness decreases as eutectic carbides crystallized. The Paris-Erdogan
relation, da/dN=C(A K ;)™ holds between the rate of crack propagation (da/dN) and the range of
stress intensity factor (AK ), and the relation between the constants C and m was expressed by
C=1.88 X10-5/10.6™. The constant m has a large value over 2 mass% C where the carbides exist,
and the higher hardness, the larger of constant m. Then, the crack growth becomes faster in the order
of CS, AD, HCR, IC and HSS.
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Table 1 Chemical composition of test specimens.

Material Chemical composition (mass%) Heat
(process) C Ni Cr Mo \% w Oth. | treatment
CS (SO) 06 [ 19 [ 14 |05 Tr. | Tr. DP+NT
AD (SC) 1.6 |05 | 1.0 |05 Tr. | Tr. DP+QT
IC 33 (44 [ 1.7 |15 Tr. | Tr. - St

HCR 27 |13 | 17. | 13 02 | Tr. A+NTT
HSS 20 | Tr. | 5.0 | 5.0 50 | 5.0 | Co | A*NTT

Notel) Material; CS: Cast steel, AD: Adamite, IC: Indefinite cast iron,
HCR: High-chromium cast iron, HSS: High speed steel type
cast iron ( Multi-component white cast iron),

Note2) Manufacturing process; SC: Static casting, CF: Centrifugal
casting, CPC: Continuous poring process for cladding.

Note3) Heat treatment; D: diffusion annealing, P: spheroidizing
annealing, N: normalizing, T: tempering, Q: quenching, St:
stabilizing, A: annealing, N: normalizing.
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Fig.1 Schematic drawing of test specimen for fatigue crack
propagation test.
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(a) Cast steel (b) Adamite

Fig.2 Microstructures of schematic materials for hot rolling mill
roll.
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Table 2 Metallurgical and mechanical properties of test

specimens.

Mat. Microstructure Mechanical property
erial Car* GI:«;' Cgr' Hardness T8

bide phite bide - (MPa) EL (%)

(area%) | (area%) | (area%) | HV(HB) | HS

cs | none | nene ]Einaihte HB260 | HS36 | 804 | 05
AD 0.8 none géﬂfme HV380 | HS50 | 698 05
IC 30 2 Bainite | HV680 | HS80 | 353 =01
HCR 25 none | Marten. | HV620 | HS75 | 854 =01
HSS 15 none | Marten. | V750 | HS83 | 912 =01

Note 1) Material; CS: Cast steel, AD: Adamite, IC: Indefinite chilled cast
iron, HCR: High-chromium cast iron, HSS: High speed steel type
cast iron ( Multi-component white cast iron).

Note 2) Equivalent Vickers hardness of HB260 is HV274.

Table 3 Mechanical fracture properties of test specimens.

Crack propagation property
Fracture ( d logC are in Paris-Erdogan’s
i m an -
Material toughness g 1 g
equation)
Kic Kige
(MPa-m®*) logC m (MPa-m®3)
CsS n.a.(79<) 7.6 2.64 3=
AD 59.2 -8.8 4.0 53
IC 22.6 -12.6 8.0 19
HCR 24.5 -13.7 8.7 21
HSS 25.9 -19.4 14.2 19

Notel) Material; CS: Cast steel, AD: Adamite, IC: Indefinite cast iron,
HCR:High-chromium cast iron, HSS: High speed steel type cast iron.
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Fig.3 Relationship between fatigue crack propagation rate and stress intensity factor range.
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Fig.4 Relationship between constant m and logC in Paris-Erdogan
equation of schematic hot rolling mill roll materials.
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Fig.5 Relationship between constant m in Paris-Erdogan equation
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Fig.7 Relationship between constant m in Paris-Erdogan equation
and micro-hardness of schematic hot rolling roll materials.
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Fig.8 Relationship between constant m 1n Paris-Erdogan equation
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and fracture toughness of schematic hot rolling mill roll
materials.
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