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Statistical Analysis about Crack and Spalling on Work Roll for Hot Strip

Mill Finishing Rear Stands

Synopsis:

Yoshikazu SANO and Kazuo KIMURA

Concerning cracks and spallings of high alloy grain cast iron roll for hot strip mill finishing rear stands,
we have been trying to clarify their originating processes by the field data of rolls. From the analysis of
reports about types of failure, roll operating and maintenance conditions for 80 pieces of damaged rolls, the
followings became clear ralating to the mechanism of crack and spalling.

When a crack is introduced on a roll body by cobble, quick roll change will result in a small damage.
However, when the cracked roll is used continuously for rolling, we will get a heavy damage such as a large
spalling, which is over 100 mm in width and over 50 mm in root depth. Sometimes, a breaking short on a
roll body took place by the propagation of crack by cobble.

It is important to find out the crack quickly after cobble to avoid the heavy damage of the roll. The roll
material with higher resistance to thermal shock and load caused by cobble has to be manufactured.
Introducing an eddy current testing method to find out a small crack, gives rise to effective decrease in roll

damage.
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Table 1. Relation between breakage of roll body and its source.

. Source of breakage
Rolll:dgi tion Breakage Reference
co Roll material Rolling condition
Defect Strength Residual stress Thermal stress Rolling stress
Normal Body breakage O O (@) O — Fig. 1 b)
Large spalling at center O O O A O Fig. 1 ¢) d)
Large spalling at boundary O O O PaN O Fig. 1 e)
Large spalling from surface Q - - — A Fig. 1 f)
Small spalling at surface O - — — AN Fig. 1 g
Abnormal Large spalling* — — - (@) O Fig. 1 1)
: Small spalling — — - Q Q Fig. 1 g)
Crack by cobble — - — Q O Fig. 1 h)
Crack by mill stopage — — — O — Fig. 1 1)
Remarks : O Strong effect, 4 Small effect, — Little or no effect, * Accompanied with body breakage, sometimes, Photo. 1
1 2 3 RG2S IR R 0354 IS RE R G2 & A~ [ A
N /g(“ 5. %7, —RLTHARBRSEL ASNDRAK—Y ¥
) : reb, BEOHIETN > ORBEHE £ 1 HE
a) Roll view ="8 b} Body breakage GEEICEAD DY, =0fl% Photo. 4 TR,
7

| 6
e\

¢) 'Large spalling at center

d) Large spaliing at center
and body breakage

9

h) Crack by cobble i) Crack by mill stopage

1 Outer view, 2 Sectional view, 3 Shell, 4 Core, 5 Crack
origin, 6 Crack propagation, 7 Spalled part, 8 Roll rotation,
9 Surface crack

Fig. 1. Schematic pattern of breakage in a roll
body for rear stands of hot strip finishing mill.
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a) Origin crack (crack A)

b) Body breakage by spalling starting from
crack A

Photo. 1. Body breakage resulting
from spalling.

a) Spalled face

A: Core, B: Shell with beach mark, C:

Roll surface

b) Axial view of spalling crack
Photo. 2. Large spalling at
boundary separating shell from
core of roll.

a) Casting defect of spalling origin by axial
view (picral etching)

b) Magnified view of casting defect (picral
etching) '
A : Roll surface

B: Defect (Al, Si ete.)

C: Roll material

Photo. 3. Casting defecfé of
spalling origin consisting of
molding materials and others.
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a) Crack A propagating from surface

vy
b) Spalled face starting from crack A
. Photo. 4. Large spalling ori-
ginating from surface crack.
-
e
b
a) Surface view
» b) Axial view
L' Photo. 5. Crack by rolling
‘» trouble called cobble.
b
Last stand Last but one stand
2] 100% 100%
80~ -
Surface I [CJFound at off-line
urfac - S -
> view Z el L Found atin-line |
=3
° w
Axial 2
. [
view o
Crack Small spalling Large spaliing 2
—Rolling direction
0
Fig. 2. Patterns of failure found at surface of roll } ‘
body. spalling spalling
Fig. 4. Outer view of crack and small spalling.
Found at out-line
H (33%)
60 N\{Found at in-lin% - Q
S | (67%) ) 65 |
= Cour_lt 2in case of both crack and | % Crack .
2 spalling existing on a roil.
g
"q; 2 — Rolling direction ,
% Small spalling
= , Surface view Axial view
0 Crack Small Large (Outer view) (Inside damage)
spalling spalling
Fig. 5. Relation between outer view of crack and
Fig. 3. Outer view of breakage at found. two types of inside damage.




1158 s o g

g 73 £ (1987) % 9 5 -

WA Y Y FCREREES D720l a 4 VEEfEE LT
MIBERIZ W, CZODREFIAY ¥ Foa— )Lk
BEBILFOTIRTITENTFEIREEINL DI
PEHEILRL, DWIZRAR=) ¥ ZIRET AR
FEHATVA,

3-1-2 WTEREE

Fig. 5 DX ICHREZ T v 7 L BHENTH DA,
HNETH27F v 27 LTEE2>TwABE LD E, T—)LH
BRE S HAICERL ZAK—) Y ZIZBBELELDTWS
bDENDHD. 1Ty s ERLNIHDTHBTHAR
F—y Y FRICER LT 2 WE41E, Fig 6 IR S
NBLIIIHEBERY » FTIE 73% & HoDHhs, Bkl
A&y FTCEHLTNPIZ15% LAk, ZHIEEIE TR
N7 R UEBTHBES LS.

Crack by -
surface view

4

S Soal ,
<= palling starting
& oo fromcrack
13 -

g L

© a Crack .
£

&

3
T
/A

N

7

Fig. 6. Relation between surface crack and its in-
side damage pattern. '
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Fig. 7. Roll axial distribution of occurring posi-
tion of crack and spalling.
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Fig. 8. Distribution of spalling width.
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Fig. 10. Relation between surface crack length
and its maximum depth.

Last stand, mean depth 15.9mm
[J Last but one stand, mean depth

27.3mm |
30- Min.0.2mm 4
Max. 70mm (except body
2+ .
breakage)

Relative frequency in each stand (%)

0~D  20~40
Maximum depth of breakage (mm)

40~60  60~80 80~

Fig. 11. Distribution of maximum depth of break-
age including body breakage.

r, Last stand
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Fig. 12. Each maximum depth of crack, small
spalling and large spalling.
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Fig. 13. Relation between relative frequency of
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Fig. 15. Relation between relative frequency of
breakage and chance of cobble occurrence.
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Fig. 16. Crack propagating pattern from casting
defect of various subsurface depth.

Table 2. Characters of crack and spalling and the factors of their mechanisms.
Character of breakage Factor of crack and spalling mechanism
- Reference
Item Result Defect Cobble Contact fatique

Outor view Crack > Spalling O @] — Fig. 3,4
Inside damage Spalling> Crack @) @) @) Fig. 6
Propergating direction of spalling Opposition to rolling direction O O O

Position of spalling Uniform distribution along axis @) Q X Fig. 7
Position of crack Uniform distribution along axis @) O X Fig. 7
Size of spalling and crack (Sﬁ:f:lﬁn:glbi%g(:nmmmmlzgft — — — Fig. 8,9
Max. depth of breakage <20 mm most — — — Fig. 11
Number of stand 6>7>5>4 st in 7 st mill — AN X Fig. 13
Upper/bottom in stand Equal O Q O Fig. 13
Roll diameter Large > Small — O X Fig. 14

Remarks : O Strong connection, 4 Small connection, X Counter connection, — Nonconnection
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