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Effect of the Hérdness on the Damages due to Rolling

Contact of Back-up Roll Materials.

Hideo SHIMODA, Yutaka ARAXIDA, Kiyoshi HOR1 and Koichi Kupo

Synop31s

~ Spalling of back-up rolls is a _matter of great concern for both roll users and manufacturers because
it makes the unit cost of a roll higher and gives unfavorable effect upon the surface of the rolled pro--

ducts.

In order to make this problem clear, measurements of wear, temperature and mill load are required
and further it seems to be desirable to test rolls in practical mills. But as these measurements and tests
take much cost and long time, the short-cut to the solution of this problem will be to design and
manufacture. a test mill and to observe the development of the' damages by reproducing the spallmg

on the model roll.

There are many factors which affect the generation of spalling of back-up rolls from the stand-
points of both application and materials and such factors seem to act on each other and to make the
phenomena of spalling complex. Of these many factors, heat treatment of. roll materials, especially
their hardness, is considered to be the most important for the roll manufacturing.

With the intention of clarifying the effect of the' hardness of back-up roll materials on the damages
due to rolling contact, a new 3-high-rolling contact testing machine was designed and constructed. '
This testing machine consists of two hardend rolls (Hs 85~90, 140mm § ) and a specimen (70mm §)
with 15mm effective width which is placed between these two hardened rolls and is rolled under
various loads. “Damage index” was defined to evaluate the defects on the surface of a specirhen by

roll on roll under heavy' load.

The specimens are heated to 850°C and quenched in oil. Then they are tempered to various hard-
nesses. The rolling on roll test was carried out under 120kg/mm? of Hertz maximum stress.

The main results obtained -are as follows: (1) As the hardness of materials become higher, resistance

" to rolling contact damages increases. (2) ‘The surface layers of low hardness specimens are Strengthcnd

by rolling contact, so it seems to make the life of these specimens longer.
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Fig. 1. Shape and dimensions of specimen.'

: o] i ——=Upper roll *

e Specimen

! 3 u Lower roll ’
: R
I
, i
gh - i
; . ‘, H
K - i

Fig. 2 3 ngh roll type rolhng contact testlng
machme

/ Photo. 1. Testing machine.

nTW5. |
Fig. 1. BB ORRE XOPETH D, BRI
15mm, EBREOT 54 68 Ths. Thkk—ny

~ieoW Fige 2. HRT X S i AR L. ST

AL, £ -Foe ——ﬂx%i@‘%@%}#@ﬁ%‘f‘&;%

k- Tn—wﬁ@éHs%N%,ﬂﬁl%mm§‘a
kv v HEENL, Fr oL TRET 5L 5
&orua,n—»@@%ﬁm&mmmibk#ofﬁ:

— 24—

¥



4

Iv‘

R\ 4

Wigo ~ VHOBEMIC X B HECK IERTEEOKE s

.
BT, BT B 2 oo P OEME AT BBV,

| BTIE 1L,600Tpm X75%. THEF LN~ 30 02K

OEBTCESEL BT L2 THrTbh, 10t TR

gﬁ_j"‘?‘ﬁvgﬁ)é tw —}v]/in —~NWF =z v 7?‘55)6‘? -

N—DEJa /7%@1@% FORBCLEREDTETT
BESRAESTVS. FREHTAHEN, RBRAL L
Tu U OEMECIT, BB LTy L mner D
5o T\W5b: mm°1mﬁﬁﬁ®%ﬁ1&é
2-2 ﬁﬁﬁﬁo&t

L OBORBR LTS ﬁﬁwvaoa%th,kﬁ@'

ﬁ%ﬁ%fnﬁbhfwéioks -N @iz ko, £
%ovfﬁﬂ@ﬁﬁ%n&vuk#ib—WMT&

’ 5.éf%%oﬁ%n—wfﬁ,ﬁﬂ¢@&éﬁﬂﬁ®,
CREAMZONTED, v~ VDR E~Y U IEHE TR

EEHL SO L OHERBICHT 5 DO THS. £
T L OEBR TR AR ELEE 0K —
OBRE NS DRDT, TORECHT BRI HE
sk BHETHBORE LTS 2 &t L.

FEE ol ElE F RSB A OB HERD VRS

BB ERFEVIE WS LR EDTD, HEDFEIICIEEH

RENTVARWER TS 4%, BEHRESH TN 2,3
DEEEEED i LhiE, ThoVWFhbak) o
SERHD, LRLHHINIIE 400~2,500 t REOEH
FHichH Y, FEENBEIEDO 2 T _A‘f‘pj:, ELEED
B b OV 1,250~1,650 t THDT 400 t OHEIFITDH

H. Hertz [T X2 THLRICENTE D, NV DRRK

?%ﬁﬁ%l““jj Ppmax &.LT%{]’B%"C\/‘%)

W&,
L= R7 //H:, P %Eﬁﬂﬁﬁ, EvE, v v J3E
Rth%Mﬂ@¥&,klol%Hﬁ@&%Lr
WHEX &@4%& Pmax b‘i?j\'ﬁf%bgh%} ‘

P =\/ 1 P (1/Ry) +(1/Ry)
max r(l—p?) | (1/E1) +(1/E2)
SROBHEE -

p=03, E;=E:=E TH 55 b
Pmax=0418V'PE/IX {(1/R)) + (1/R2)}
x5,
ZORBREWTCERDOw — VTP 5 pmex ZRKD D

&, P=1450t, Ry=600mm, Ry=320mm, [=1,100
mm, E=2" 1><1o4kg/mm2 DEE pmax—140kg/ mm?

L8 %.
O%Vﬁﬁ%mﬁvkﬁﬁﬁf,ﬁ%ﬁbiiéAw

Y DREKEIST] pmex & 140kg/ mm? LT HiodIT
¥, Ry=70mm, Ry=35mm, /=15mm, E=2°1X10*

CHELEEE T v (IR K~

kg/ mm? T B, HE 1,870kg [E EOMERLE

. &‘@46- %ﬁ%ﬁ%@%*ﬁiﬁ—lv?a ‘77’ _i:p")vy fﬁ
R EOBRERFEL T, EfE 1,200kg L. T

LT Z DR T RIER EOBRER DTV
DR B D IR ERIEZ 27 '
Tbh, N 40mm, SME 70mm, [F 15mm O
SRELY o7 oM BEEES X CREEECEEO TR ~
Y (F-vES4mm, 7 -UR 2 11£15%) B3O
b DEFMERE) VL L TRV ZOY V7T,

30 t FRERBRIE CEMMEZ I THE—EROBIRE

sk, DOWCREBRISBICHRA A TESES 300kg 38
Lisid 2,100kg FTMATEELLESRER—FHE -
ORGSR E KD, TOBIEIC K VESE 1,200 kg O,
B iCRBR A b 2 EIE 1,380kg TH Y,  Zhik

AV QIR PERMIS NCIRE 35 & 120kg/ mm? 2 7x

L EBALRER Y, BEFHOEGEWESE LR
7z. : '
2-3 EEICKZWEOTMAE _

SR O WCIT b i Fa ﬁ%@ﬁ%%&ék,
WER B D DIESDEBRL, T OFHOMES
DhICELEOTERLS>THD. TOBDE DO
28T, Weibull plot ¥e# vy, 10% WEEFG, 50%
ST PREE L TV 5280, RICIGEE R
R T L DD L RBREREHESE, ThbbS-N

CEBORERVTWBEL B B, WEMITOWTIE,

LA EDEA S-N #ROFR L bR TVED. T
R EAE & - OEHEIMESN S E T OMEE L EID
y o) fEE
7 EOBBRE KD TEMAEL Ty ahldd 5.
ERRFTE S KD TRDLFR LR, WHs#E
HIELZ LOHETH % COBORRTILBEO
EHRBCE T B XS 7 BRES REA © B e
®, PECRL L5k LB RBLEYCERL T

R BV, WEATE, RREORDCEEE

FIB L CHBWKY ZhzfTeoTndflis s, i
B TS L DBERETHE v F T 20bWnhrL
2 BT TP FHEB L BT B,

FREC BT BNZTELRIAET 5 LR E2HiA
7%, Fig. 3. CAO—FlETT I T, BHFHOED

R ESRTCEBREORS ETET S T LI ETHEE

BES5TH5. BMZMTOVWTLLOBRESLTLLFE
&l —HEWRERCDLEE VR VEY S BEDD

'_50%;r$ﬁ TREALOFHEETDHELTDH, 3
AT BHEOEHEERPE XBF L L WIFIREE
k. ?&b%fﬁ;&bi&#i’ébﬁ‘m o T, BB RE



26

B X M52 (19%6) 18

130

120

‘Phon number
S

~

100

20

30

Number of rolling confacts ( xIC®)

' Fig. 3;. Increase of noise with the number of

rolling -contacts.

Kuiﬁﬁhﬁﬁiu%@ﬁ%ﬁbr@<,cm%h@
MDD DR EPDTIS L, HHEELETHELE
LOTHBE LS ISTHEMT5EMEERLTLES D

DLH5. VEHBRTLIEEENOK S IESMEL, &

NENWORAEMEKEZ A VAR L HICS WL
TV &, 7o b 2iF Table 1. Ok 5 niEEAELR
5. ZCTEEEFNOKRE STHU 728 Rk 48
BiCHT CAH 5. Table2. TiRFNFNO BEEFD
BOEOERER L. ORI Grade4 i+ 5
w1 L1, REENWOKAS SOETCHAIT HHE
LTHRDIDDTH L. Lo TIERICKENTIED
525, TRTOWHEOEHE N OMEBKIGETL TERL
REEXDZENTELY. UTCO XS LTERS
NIERZWEEREIPLE LT 5. ZOERTIE,
EESNIWELRID “100” 12 L 2R OME LT

EoT, EREREEHT S LIl ESHE

‘Table 1. .Number of each defect which corresponds to grade. -

3 4 5 | 6 7 8 | 9 10 | 11 | 12 | 13
1°0~ |1°56~ [2°0~ 2°5~ |30~ [3°5~ [4°0~ [4*5~ [5°0~ [5°5~ |60~ b

15| 270 2'5| 3°0 ~3°5 40 4'5{ 5°0 55 60 65
0 — = = = =] =] = = = - = | = 0
06 26 5 L — = = = — | — | = =] = 32
0°8 49 |9 2 Ll = = ot = = = =] = 62
1°0 51 | 15 1 2 | — | = 1= = =] = | = 70
102 62 | 21 | 3 6 1 L= = = = =] = 94
1°4 63 | 31 7 6 3 t ] = | = — = | = 111
16 72 | 29 8 9 2 = = = = == 121
1°8 83 | 36 9 | 12 1 T e -1 = | = 142
2°0 42 | 38 9| 14 3 2 N e e e 109
22 52 | 39 | 15 | 12 6 2 T R - 1 1 1 130
2°4 50. | 41 | 27 | 11 4 7 3| — | —  — 1 2 146
2°6 84 | 60 | 38 | 23 5 9 4 | 2 |1 — | =] 2 228

B § Length of defect C: Gra‘d‘e‘of defect D : Total number of defects

Table 2. -Representation of damage index.

3 4 5 6 7 8 9o |10 | 11 | 12 | 13

— ~ ~ D

0°51 | 1°00 [1*655 | 2°47 | 3*45 | 4°60 | 5°91 | 7°38 | 9*01 |10°81 [12°77
0 - = = = = =] = = = = = - 0.
0°6 4*68/ 2°55 1°000 —| —| —| —| —| — | — | — | — 8°23
0°8 8:82| 459 2°00| 1*66| — | —| 460 — | — | — | — | — | 2167
1°0 918/ 7+65 1°000 3*31) —| —| 460 — | — | — | — | — | 2574
1°2 11°16/ 10771 3+00 9-93| 2°47| 345 — | — | — | — | — | — | 4074
1°4 11°34 15*81) 7°00 9°93| 7+41) 3+45] — | — | — | — | — | — | 54°94.
1°6 12796/ 14°79| 800 14°90 4°94[ 3°450 —  — | — | — | — | — | 59°04
18 14°94| 1836/ 9°00 19°86| 2°47| 3°45 — | —| — | — | — | — | 6808
2°0 7°56 19738 9700 23°17| 7°41] 6790 4°€0| — | — | — | — | — 78°02
22 9:36| 19°89| 15°00| 19°86| 14782 6790 460 — | — | 9+01 | 10°81| 12°77| 123°02
24 9+00| 20°91| 27°00| 18*21| 9+88| 24°15 13°80| -—.| — | — | 10°81| 25°54 15930
2°6 15°12| 30760 38°00] 38°07| 12735 31°05 18°40| 11°82| 7*38 | — | — |25°54| 22833

A Number of rolling contacts . B ; Coefficient C: Grade of defect D Damage index
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Table 3. Chemical compostion of specimens.

C | si |Mn]| P ] S 'Ni(h Mo| V

0%76 | 0°37 ‘0‘60‘ 0°016

1°09l0°24| 0°08

Table 4. Rockwell hardness & tempering
temperature of specimens.

Group Hardness (HgrC) [Tempering temp. (°C)
a 23°3 ‘ 850 (F. G)
b 24°6 « -700
c 33°6 650
d 40°7 600
e 46°4 ) 500
f 50°4 A R 400

Photo. 2 Microstructure of each specimen.
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