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Some Considerations on the Life of Work Rolls for Cold Rolling

Synopsis:

Satoshi IKETAKA and Kaoru NOHARA

The life of work rolls for cold rolling has a very important role on productivity.

Factors affecting the life of the work rolls are considered in three categories; (1) resistibility to
cracking, (2) thickness of the hardened layer, and (3) resistibility to spalling.

The results of this investigation are as follows; (1) The frequency of the “burning’” when the
strip was broken reaches 13:5% of the total times of roll changing, and the sum of ground thickness
attributable to the cause of burning amount up to about 709 of the total ground thickness. (2) The
improvement of the quality of rolls by changing the chemical composition and the heat treatment
resulted in the reduction of the average grinding loss to 609 and the increase of rolling tonnage to
twice. (3) The roll with thicker hardened layer shows better rolling tonnage and good surface ‘qua-
lity of strip and button marks, nonmetallic inclusions, dendrite structure, etc. are minimized. (4)
"The spalling phenomena of rolls are different by the type of the rolling mill. Band-type fatigue fracture
is chiefly seen in cold rolling and in rather large diameter roll, and on the other hand, shell-type
fatigue fracture is seen in temper rolling and in small diameter roll. Moreover, the spalling occurs
easily in winter and especially in thermally by unequivalent conditions when the roll 1s warmed up in
operation and when the roll is cooled down after operation.

(Received Oct. 19, 1970)
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Table 1. Dimensions of rolls.

Mill type Rolling speed Roll dia.xlength ( mm)
4-high 5-stand tandem cold reduction mill I 360 mpm 533¢ x 1422
4-high single stand temper-rolling mill 505 495 x 1 422
4-high 2-stand tandem temper-rolling mill 1 520 533 & 5841220
4-high 2-stand tandem cold reduction mill 605 533 x 1220

3. RERRLEER

3.1 RSN @SR CDN0T

3-1-1 FHEOFEERR

W EER T 4T 5 S\ iI AR L« (1) MHETRR
(BEFR, FBER77 v v 2 M) 2 IRR, 3K,
NS, B, R —Ovil, B, BF AR, Biih,
R4, BAARFE, AU, B, o&5hind),
(e)EREZ A (BHEKD, RIEKY, FrrvaraoX,
HET R, EEEZY, N5 AFE, BEENRRE),
CVERERME (e ~v—4, KEre—~0,Kh<—2,
o —JVif, XY v, FEFE, #Eo—-voF g, 58
O—DFNR - 25y, §5 BEI—, NED,

MAER E), (=) Tofth (Y4 XEE, {E@jo—
VEREE, BERER, BIRER BRI -V H
WIEEIL &) Hd 5. Fig. 1 iTHBEFERIOMHER & H4E
RERT. 20534 VML X 2N ERIIe — v
DWFEEEH 196 mm/[E] LIEFITHL GlEOFHM
FEEX 0-37 mm/[6]), 2 OFROFEAER (13:5%) 7
LONCHEAMERD 5BE (69'7%) &L, o—oD
FarBELLETEIELVWHIEAKRELREREE2>TW
5. FRBY 2 - S XSEHIER 1 B ) OFfEE
EII/hE W (0009 mm/[8]) 23, FEEOFERNFHL (34
%) LI D THERMEED SHRIZ8 1% & HEME
{, 0~ DOFGEETEXEIHE2OER & K 2>Tw
5. EFHERIRIETH 2 B, S8y XZLEFEME

100 *ébi’ D—)l’%éﬁ?{&—F%%é
90 120 BERELT3, 4BV
80} Percentage of ground dia. LITEED 5 FR IEDOE O
= 70l for each cause of roli change 189« 7:7%, 5°29% Liro T 5.
= X (=]
8T ool 1s0 35|  Birorsc@soREmH
S ==
2£ sol laong| FEEDLHNTLT bYIBESR
e 22| ro © & E TR
: 5 40} /'\ . ] 305—5 FELIEE oﬁ]‘;)cﬁﬁf@
S5 4 50| LV o—UORREIEENDD
€o 30 Percentage of the °g
S 20 L number of roll changes 4208~ UTH3%.
o
€ ol "~ 1o 3.1-2 T D54+ 5
o N e . o 29y, EREFIHD
] FEAEREO™D
5 O B XD RETSH 55 2
[=%
c;“g 1ol (FUVEDIXEERD 314 VDR
Do
2% os DRI & BRI RE T 5
c v b~
g8, n [ . |_| BT 0 — AV EE SR B
- s R R B = 0 g, TR At hov—
5 & = el 8 _|. |8 € ZEA bNEHBEL, Fo
o 2 2 2ls8l.e 5|0 |28/ 8| 8 s e .
25| ,|8E 50/ °%i8g| € [Lo|ES| 2| B @ & AT B ILBERE L A 2
O = c gl 5 |3=82=|es ow|lo= 2 o
LS ] c |l S = rTel = 3 = 8 3] = T Z
élz¥| S |£58%(a% 2 |87]3%) 5| & 8 7 7 Y ORETORELZRE
nNTkH, Ebito—roBEY
Fig. 1. Relationship between causes of roll changing and ground dia. per JE A% X OSSO T BA A

each dressing or percentage of the number of roll changes.

W ER T35z LIk hF

— 104 —



AHMEERESHr —LOEGITOVWTOEE 797

25
g e
8 ™
g% 20
S £
52 \
4]
a3 1 I~
©E \°
3 0
o |
G o~
(035)
100 o8 96 94

Initial hardness of the work roll (Hs)

Fig. 2. Relationship between initial hardness and
the ground dia. of burnt rolls.

(x10%)

25

)

AN

(RN

u
/]

\\\§

/

Q
o

Rolled tonnage per mm grinding
(t/mm)

100 98 96 94

Initial hardness of the work roll (Hs)

Fig. 3. Effect of initial hardness of the work roll
on the rolled tonnage.

BEVWCE, OVERLBfEED/NSWT & (s
=T L), (DDRBOBAISH EHISN) H/hswnwL
Tl EDHR e O Tl < TR B IRV

Fr, —MRIIC o —VRESCE & HFREOBRIRIT

(c) Cross-section of the transmuted layer. . DWW, REPT-EIHE NG EitEi LS v, Fig.
Photo. 1. Micro-cracks and the transmuted layer 2R AT A ER S FITRT B RE—FHNTER L
on roll surface caused by the burning. I v — VIT DT, WIEEE Hs 100 3780 v —F,

WIEE Hs 98 §igo vy —F, WigE Hs96 fiizo o
fERETHHDOLEEZ SN T WS, Photo, | KXDRE WV~ HE XUFEE Hs% g0 srrv—Fiioni v
BHIEZTRT. COFE(b), (c)ThMbX5L, B —VoBEMRERO | BN ) FHEEVIEEOESE
RAEMIEENE, BSC I VEELELRY, £0F RLAEDOTHDH, WO X 5 CEEEDIE S A X

MR LBKILESRAEL T 5. BIEETRLTWA L &dbnrd! ZhUdE s L THILHE

LIeioT, EREDOM LA 5 7cDicit, (M ORECI>TETS o —VEREORHICHTOEC LS
FORERBEAS D2 &, (DMBOBERKEE borEXLATVS.

—
<o
o



798 & & @

#® 57 4 (1971) 552

L, TOXSKER»SE TS - LIXfHEHk
HEED 1 DOFA TS S5, THhTRILSHE,
MHEEREMED3E D, Fig. 3ITRT & 5 W FERAIMMET 3
50T, BERMSHEBITITILS V.

b X5 i Ro b, MEREO I v e —%
BT 5720, u—vxt —h—pb{bks (LT
Cr, Mo, V %53 Con &) BIUEMMYHREL
7o fEe — v oftkeE 5, F£/EEF A b, FAERT
Lol kER, WLEE, TEEFEHE, BAMSEMRL For
74 PR EDETT Ch, LRI EcEss
NBCHEShI e — VOB T T4, ThB05L
AFA[RE & Te Dz

BFohopo—volEE2ENT 5.

3-1-3 ME¥te — VvOBLIEE, FIOL¥ERS

Z Dt v — v OB L EEih ffo—#|% Fig. 4
RY. ANo — VB LIRE S5 A& <, ARKCAD
ThHe EDETB I, BOjEve—rind T E

T MBTES.

BEA, B, CO32D%4 FOu—wvBHIEEhF
AP THED, THHRFERLEBSORORFEUNRS Y,
WHELER & L RN SERFBEE S VWA C a4 Fo
—BEHRATH Y, FEELERE LU CIREEES X

100 {-_ _
98> s
T:E o _\W Crack resistant roll
I \\%\
g 94 é?oe\\\ NN
.g \\ \
2 oz . \
T N
20 Ordinary ~ s
roll ‘\\
88 s
\\
86 . L ' -
9] 2 4 6 8 10 12 14

Depth from the roll surface {mm)
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Roll type c Si Mn P | s = o | Mo | v
A maker’s ordinary roll 090 | 030 | 026 | o014 | 0010 23 | 03 | —
B maker’s 7 0-82 | 035 | 040 | 0010 | 0017 | 22 | 025 | 007
A maker'scrack resistantrol] 061 | 0-61 | 0-28 | 0-014 | 0-010 30 | 03l —
B ‘maker’s 7 085 | 033 | 040 | o010 | 0017 | 22 033 | 017
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(b) Crack resistant roll %5000 (6/7)

Photo. 2. Electron microscopic structure of the crack resistant roll compared with the

ordinary roll.

(a) Ordinary roll
Photo. 3. Dendrite structure in section of the crack resistant_roll compared with the
ordinary roll. ’

(b) Cra

ck resistant roll x1 (3/4)

Table 3. The result of cold rolling with the crack resistant roll.

Roll tyge Numbers t/ mm [ Ground dia. per dressing
Ordinary roll 54 1230t | 2.29 mm
Crack resistant roll 23 : 1760 1-29

Table 4. The result of cold rolling with the crack resistant roll in case of only wearing.

Roll type Numbers t/ mm Rolled tonnage per grinding t/time
Ordinary roll 86 2410t 433
Crack resistant roll 62 5040 694
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{EBRE, F7VF74 MIBOESI R I UIEMAAEL
T BIEmDH 5.

T FIA4 MEROHEIZ, BIIBLSA v X EDVED
XowERAMKD v E¥ TRk b DTV CiE, FIE
RLORMELRFEE 75 L, 2 v FROVWCE
DEFOERELCHEbN, SV EOHEZETIRD
DT, WHIEEDH Lo —vicid, BONXIWEEBE o
—VEBICTFRI4 VEBROXE Vo -k, Z0fF
& G kaniEic s,

Fig. 6 I, (KHE v — VASEIEE o — it kN, F o

g High hardness roll

¢ 800 {— (initial Hs 98<)

8 g 700f %

& & 600 7772777 g

E §_ Low hardness roli 77

8= 900 (initial Hs 96>) "y
A

8 400

3

© 300

) 2 4 & 8 10

Depth from the roll surface (mm)

Fig. 6. Difference of maximum rolled tonnage in
hardness rolls, due to developed dendrite
structute.

— 108 —

S

o1



ﬂ)

R

CHREERESH s —LOFEGIC OV TOELE 801

12-5mm from the surface

15mm from the surface
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Photo. 6. Dendrite structure at each distance from the work roll surface.

X 1

Photo. 7. Dendrite structure of the work roll
surface.
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Fig. 7. Relationship between hardness and roughness
of the work roll surface.
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(a) 3 mm from the surface

(b) 6mm from the surface

x 6000 (3/4)

(c) 10mm from the surface

Photo. 10. Electron microscopic structure of the
spheroidal carbide.
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rolling performance.
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(a2a) Good roll
Photo. 11. Electron microscopic structure of tke
with the bad roll,
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(d) ZCrack caused by preceding burning
A

(f) Appearance of the band-type fatigue fracture

(e) Fatigue f{racture caused by the rotationally
Photo. 12. Band-type fatigue fracture.
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(a) Origin of the crack

(b) Appearance of the shell-type fatigue fracture

Photo. 13. Shell-type fatigue fracture.

(a) Origin of crack

type W5 T EBTES.
A (31 DETHlA/ type DH O
47¥AB : Photo. 12(a~e) W3 & 5 (1) IEEEN
T, (e)WIEES 5 v &, ONRY) v FPEIE
X295y, (DDHEIOBESRIGX DYDY
S92, (REEEH 2T v rEOn—E
WHEERZ #2441, Photo. 12 (£) WiRT X 57
FIROFEFWEAE T type DB D
38 C @ Photo. 13 (a) WRT X 9 ik o0 — v NERICH
S BEENED, b5V EeEalc
Photo. 13 (b) (TR & 5 7x Bk 0O 3 T 5
ZREZ T type DH D
45D : Photo. 14 (a) iR T X5 fno — . LFLEE
DifE %S4 Photo. 14(b)ITRT & S 7y
EE R T type OB D
ZZTHFEAT DWW, G- ETHEMEBRTE
D, ZEDIICLEhAE R THEOTEKEL, $DIT
SHEB, ClLoWTih~R5.

(b) Appearance of the spalling
Photo. 14. Fatigue fracture generated at the center hole of the roll.
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Fig. 12. Numbers of the spalling.
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Fig. 13. The spalling of work rolls in cold folling
and temper rolling.
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Fig. 14. Numbers of the spalling in different rol-
ling conditions and' the month.
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Fig. 15. Relationship between the spalling and the
depth from the roll surface.
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