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Analysis of the Factors Affecting the Fracture of the Slab
Mill Roll by Electron Fractography

Synopsis:

Kotsumi Suzuki, Tadashi NisHi,

Tsuneo SA1Td, and Hiroshi KoHIRA

Fracture surfaces of the rolls have been examined with an electron microscope in relation to the size
of cracks and bending stress at breakage, in order to have a technical aspect for the development of

materials for slab mill roll.

The results obtained are as follows:

1. The roll life is increased with the decrease of the proportion of the region of brittle fracture to

the fracture surface.

2. The fatigue strength reduction factor of the slab mill rolls is smaller than 15, and the notch

sensitivity of cast steels seems to be very small.

3. Following three types of fractures are found;

(1) fracture by fatigue crack initiated from heat crack.

(2) fracture by thermal stress.

(3) fracture originated at the inner defects introduced during casting.
(4) fracture originated at the inner defects introduced during overlay welding.
(Received March 23, 1974)
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Table 1. Chemical compositions of slab mill roll examined.
Chemical compositions (wt %)
No of roll Roll material - - :
C Si Mn P S Mo Ni Cr- Cu
96 Ni-Cr cast steel 0-54 0-48 0-79 0-013 0-017 0-34 0-53 0°53 0-04
P R57 ” 0-67 0-43 0-69  0-°009 0-011 0-35 0-64 0-46 —
P R 51 4 0-65 0-44 0-68 0-011 0-011 0-35 0-63 046 —
P DI18* |alloy steel forged | 0°89 0-37 1-02 0-028 0-008 0-37 — 1:03 —
* finishing back up roll

Surface Middle : Center

(a) Surface part (x50)

Photo. 1.

{c) Middle part (x50)
(b) ” (x 400) (d) ” (% 400) () ”

(e) Center part (X50) (4/5)
(x400) (4/5)

Microstructures of the various parts of the Ni-Cr alloy cast steel slab mill roll.
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Table 2. Welding materials and welding conditions of overlayd slab mill roll which was

shown in Fig. 4

Chemical compositions (%)

Compositions
(wt %)
Base metal

and welding materials \ c Si

Mn P S Mo Ni Cr \%

Base metal l Slab mill roll 0-58 0-47 0-72 0009 0-07 041 070 0-57 —
Welding Mn-Mo steel solid wire 0-11 046 1-29 — — 019 — — —
material Martensitic composite wire | 0-27 060 1-70 — — 400 — 300 1-50

Welding conditions

. . - . Welding -
Welding material . Welding Welding Pitch :
Pret:}egtmg current  voltage speed distance Post-weld heat
Wire Flux ") (A) (V) ((r:::r/l ) (mm) | treatment.

Mn-Mo steel solid | Fused flux for o

wire 4-8mm ¢ hardfacing use 250~300 550~600 30~32 55~-55 10 - 1250~1300°C —
Martensitic _ (320~360°C ) x
composite wire ” 300~350  450~470 7 #5~47 10 6 hr slow coaling
505
wsS bs

(b) Rough fracture

surfcce

///

Fme fracture @ :

surfoc@ L

{mm)

(c) 1 370

Photo. 2. Surface of the fracture part (a), position of the fracture (b) and sampling positions for electron

microscope (c¢) of the slab mill roll No. 96.

roll diameter at breakage is 1 142 mm.
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The total rolling amount is 253 159 ton and the
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wSs (TOP) p1 2455 D.S (Bottom)
-~1 700—]
4055™™
(b)

(c)

ST

Photo. 3. Surface of the fracture part (a), position of the fracture (b) and sampling positions for electron
microscope (c) of plate mill roll No 51. The total rolling amount is 367 117 toa and the roll
diameter at breakage is 1195 mm.

-l 850—-1 {mm)

(b)

Rough fracture
surface

Fine fracture
_ . surface

(c)

Photo. 4. Surface of the fracture part (a), position of the fracture (b) and sampling positions for electron
microscope (c) of finished back up roll No PD18. The total rolling amount is 704 749 ‘ton‘
and the roll diameter at breakage is | 516 mm.
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Fig. 2. Relation between amount of rolled slab
(ton) and proportion of brittle fracture
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(a) : striation,

Photo. 5. Fatigue and brittle fracture surfaces in the slab mill roll No 96.

No 1 as shown in Photo. 2.

(b) : dimple and river patterns.
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(a) : striation, (b) : dimple pattern.

x3000 (3/4)

Photo. 6. Fatigue fracture surfaces in the slab mill roll No 96. Sampling position

No 2 as shown in Photo. 2.

(a)
(a) : river pattern, (b) : dimple pattern,

(c) : striation.

X 5000 (4/5)

Photo. 7. Brittle fracture surfaces in the slab mill roll No 96. Sampling position

No 7 as shown in Photo. 2.
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Fig. 3. Appearances of fracture surface of the
roll PR 57 and sampling positions for
observations,
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a

(a) : x300, (b) : %300, (c):x 1000 (4/5)

Photo. 8. Scanning electron micrographs of brittle and fatigue fracture surfaces in the slab
mill roll No 51 and sampling positions.

(a)
(a) : Sampling position @ a.
(b) and (c¢) : Scanning electron micrographs of positions (b) and (c) respectively, wlnch were mdmated in Fig. 3.
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LEbRTWAN., LB 2OTIoACEELTHEL
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THMBEORELE, HRE»CRE LA oEE
REFIHEMEIC X 58 &% Photo. 9(b)RX T (c)iT
Y. EEREEEITI/NX 7 dimple pattern, FAREE I
X OF striation 23380 Hh, B S LEHEEED
HAOHEED & LTOEYK & dimple pattern 3

Showing rock candy pattern two-step replica.

(b)
% 3000

X 300 (3/4)
Photo. 9. Fracture appearances in the plate mill roll PR 57 which was fractured by the thermal stress.
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(2) : Sampling position No 3, showing striation. 5000 (3/4)
(b) : Sampling position No 5, showing river pattern. %5000 (3/4)

Photo. 10. Fatigue and brittle fracture surfaces in
the back up roll PD 18. Sampling
positions No 3 and No 5 as shown in
Photo. 4.

< 7 oI RO OETF %, Photo. 10 T RT.
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Sompling position
(b)

Fracture position
) 2 2098 (min)

jELJ o C

e
800 ! ~Overlay

(c)

Fig. 4. Schematic diagrams of fractured surface
(a), sampling positions (b) and fractured
position (c) of the slab mill roll which
was shown in Table 2.
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(a) (b)

(a) : Sampling position No 1, showing striation.
(b) : Sampling position No 5, showing striation and river pattern. % 3000 (7/10)

(c) : Sampling position No 2, showing dimple pattern.
(d) : Sampling position No 4, showing striation.

x 3000 (7/10)

x 3000 (7/10)
x 3000 (7/10)

Photo. 11. Fractured surfaces in the hard faced slab mill roll which was fractured by the propagation
of crackinitiated at the defects. The sampling position was indicated in Fig. 4.

Table 4.

Relation between calculated stress concentration factor and crack length in the roll. The Stress

concentration factor was obtained from the diagram shown in reference (27).

Diameter of the Effective diameter

roll at breakage of the roll d/D Notch radius r/D Stress concentration
D (mm) d (mm) r (mm) factor a¥*
1150 1148 0-998 1-15 0-001 3
” 1140 0-99 4 ” 5
v 1130 0-98 ” " 6
” 1120 0-98 ’ ” 67
“ 1110 0-97 ” # 7.8
” 1100 096 4 Y 86
” . 1 000 0-87 4 v 11'8

* Obtained using the diagram shown in ref. 27.
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Photo. 12. The cross section of heat check caused
by heat check test of the newly
developed Ni-Cr-V cast steel slab mill
roll material. x 100 (9/10)
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Fig. 5. Relations between stress concentration factor
a and fatigue notch factor g which was
obtained by the rotating bending fatigue
testing of the specimens cut out from the
various slab mills, at various temperatures.
(3% See the treatments in Fig. 1).
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