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On the Rolling Contact Fatigue Test of Back-Up Roll Materials

Synopsis:

Koichi Kupo

In order to know the spalling phenomena and to develop the material for back—up rolls, the rolhng con—
tact fatigue strength of the back-up roll materials is examined by using 3 high roll type rolling contact testing

machine. The problems tested here are the effect of microstructure, of forging ratio, of direction of flow
caused by hot working and of the surface defects on the resistance to spalling. The results obtained are as

follows:

(1) The specimen with martensitic structure shows better rolling contact fatigue resistance than those

with bainitic and pcarliiic structures. -

(2) 'The materials with high yield strength is good for back-up roll materials from the point of resistance

to spalling.

(3) The effect of forging ratio on the resistance to spalling is very small; i.e. the resistance to spalling
slightly deteriorates with increase of forging ratio, but this tendency is indistinct.
(4) On the surface where metal flows cross to this surface, resistance to spalling is brought lower than else

where.

(5) Ghost spots behave as ductile part as same to matrix on the rolling contact surface.
(6) Surface layer of rolling contact is work hardened Within this layer, matrix flows plastically in

the direction of rotating direction.

(7) Initial crack of spalling generates on the surface and grows obliquely along the plastic flows and finally

spalls by radial ‘brittle fracture.

(8) Defects caused by casting workmanship, if they are located within the surface layer flown plastically,

will become the source of crack initiation during rolling contact.
(9) The defects near the surface layer of the specimens make the resistance to spalling low, but it depends

on the size and location of the defects.

(10) It is very difficult to apply the results of rotating bending fatigue test to those of rolling contact fatigue

test.

structure, high yleld strength and sound surface.

From these results, itis suggested that the back-up rolls with high spalling resistance have martensitic micro—

(Received Feb. 23, 1970)
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Fig. 1. An example of microstructures and hardness distribution of the cross section
of back-up roll.
Table 1. Chemical composition of material.
C Si Mn P S Ni Cr Mo v
0-74 0-35 0-59 0-022 0-016 015 1-09 0-25 0-10
Table 2. Hardness and heat treatment of each group.
Group Microstructure Heat treatment Hardness(Rc)
a Tempered martensite [ 850°C x 1 hr—0Q 620°Cx 2 hr—AC 38-0
b Tempered martensite | 850°Cx 1 hr—»>0Q 700°C x 2 hr—AC 24-5
c Bainite 850°C x 1 hr—350°C Pb bath X 2 hr—AC 38-0
d Bainite 850°Cx 1 hr—350°C Pb bath X 2 hr—>AC680°C x 2hr—AC 25-0
e Pearlite 850°C % I hr—650°C Pb bath x 2 hr—AC500°C x 2hr—AC 25-0
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2.2 REBRAHE

TABDENRI OB, 3 EKne — VRERERAERE
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TETeolz. FenDHBIIHEIEH 100 Ligoc & D
BEEIRD TfTeot. EAREEOREABRBROEREE
TOWVWTh, LRRENLTIEHBIRDTHBL 7.
SISREAERVT 30t GREREAMEIC X o TT v, ENE
ER i3/ NEF X ElER g T RRAER I (10kgm) Z v /c.
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Table 3. Mechanical properties of each group.
Hardness 0-29, offset Tensile strength . Reduction of area
Group (Re) (kg/mm?) (kg/mm2) Elongation (%) (%)
a 386 1345 139-5 13:6 35-0
b 27-2 92-2 96-2 22°3 54-2
c - 38-1 103-0 134-0 107 25-0
d 24-2 682" 921 24:0 55-4
e 267 56-2 99'1 21-4 54-6
w00 (2) EURENFENAR
N e HrC 25 @ 3@EADOKBA oW T S-N flifiz Ko
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Fig. 2. Isothermal transformation diagram of
Cr-Mo-V steel.
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Fig. 3. S-N curves of the specimens with various

microstructure.
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Fig. 4. Rolling contact results of each group
(Influence of microstructure on the roll-
ing contact strength).
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Table 4. Chemical composition of specimens of each group (%).

Group G ' Si " Mn P S ‘ Ni Cr Mo
A - 0-40 0-33 0-80 0-023 0-022 0-15 2-86 0-52
B 0-45 0-30 0-60 0-017 0-006 0-13 0-97 0-26

Table 5. Specimens with various forging ratio
(Group A). ’

Specimen mark Forging ratio Hardness (Rc)

RI~R3 1:0 (as cast) . 34-2
SI~S2 1-25 33-6
TL1~T3 4:0 33-8
X1~X3 16:0 33-8
Yl~Y3 32:0 344

(with upsetting)
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Fig. 5. Location and direction where the specimens
are taken from rim material.
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Fig. 6. Relationship between forging ratio and
rolling contact strength.
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Fig. 7. Definition of “equator’” and “pole”.
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Table 6. Influence of fiber structure by forging on the distribution.
Group Bl Damage intensity Group B2 Damage intensity
No of No of
specimens Equator Pole Total Specimens Equator Pole Total
1 26 10-5 131 17 108°9 4-4 113-3
2 2-6 0-7 33 18 41-8 1-2 43-0
3 59 0-9 68 19 55 3-3 8-8
4 36.8 4-5 413 20 4:2 11-1 153
5 25.9 7-4 33-3 21 24.2 35 277
6 14.3 5-2 19°5 22 13-7 11-9 256
7 6-0 19 7°9 23 13-7 0-2 139
8 44-8 0-7 455 24 8-4 9-3 17-7
9 22-7 2-7 254 25 269 ~9-9 36-8
10 48.2 38-8 870 26 2-9 6°6 9'5
11 8-5 8-4 16°9 27 73 3:2 10°5
12 9'9 0-4 10°3 28 44-1 -5'5 49'6
13 39-2 1-0 40-2 29 99-4 257 125°1
14 111-7 16:6 128-3 30 10-3 34 13-7
15 57 00 57 31 3-6 35 7-1
16 15-4 04 15-8 32 6-1 - 23-4 29-5
33 605 12-5 73-0
34 406 22 42-8
35 17:9 20-2 39-1
Mean 250 63 313 Mean 28-6 \ 84 37-0
' o OOO N (A P 0 ° ¢ o] ’ | @] 8,
(0) O o 4 O ‘
] 0 o) ,
- ) =3 2000
e 2 2G0 0
b % Y 4 b vo o’ L vy
(0') b o Dl? e o 14 B o D
(a) Distribution of surface domages
{@) Sulphur print (ghost rich)
ool o |e . o o %
(b) 00 O o
N 0
(b’) e " e ° ﬂ o ag
o o

(b) Distribution of surface damages
{b’) Sulphur print (ghost poor)

Fig. 8. Comparison of the locations where ghost spots are revealed and the positions where

the surface damages are appeared.
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Table 7. Relation between ‘““damage intensitx” Rolling direction
and number of rolling contact in -—
[ < ¢ & ]
;\\\3\20x1m 2:4x 105 | 2-8x 105 g
w A m - > = < L s
3\ 4 3-1 16-6 415 i
“ 5 2°4 118 33'3 (A) : Surface of the specimen
H 6 52 209 462 (B) : Cross section of the specimen
» 9 22 90 194 Hatching shows spalled area
, 12 02 11'5 25-3 Fig. 9. Initiationjand development of spalling on
Ghost-rich i 15 61 18-0 16-8 the specimen.
specimens | 16 0 4-2 10-2 p
1 17 23°6 217 40-2
P19 49 27 57
] 20 0-2 34 15-7
l Mean 4-8 11-9 254
Lo o5 | 90 | 131
: 2 1:9 . 1-4 3-3
' 3 0-9 | 2-2 6-8
L7 09 | 184 | 257
Ghost-poor @ 10 4-5 | 4-6 7-9
specimens | 11 9-3 | 29-1 ! 45-5
P13 23-3 |  43-6 79-5
f I8 185 | 397 | 1282
oe | v I el
[ Mean | 75 | s | ows AR e
T : Number of rolling contact Photo. 2. Surface flow of the tested specimen.
S : Specimen number %25 (3/5)

Photo. 1. Macro-etched pattern of cross-sectioned

surface of tested specimen. x1-4(2/3)

FRELTHLLERECETERVWEREETH LT
WHETHAEV. Fihre —~VERRERERFREICRSTDH
BERABEIC LSV E S LTHMAPDRRERFELEL R
FLIb., £ To—wzRETIHRIELI XS5
RIBIZ2WT, TNOBZARVENBRITED XS
EERZBIETHrERARELL.

$rERMIE 0°49%C DRFEHT 80§ oIEITEEE,

Photo. 3. Crack initiated from the blowhole.
x 100 (3/5)
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NR—54 FTHY, BWSIT He 180 TH 5.
RIEELTIE, Tu—v, ¥OEREOBERICELCK
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Fig. 11. Results of rolling contact test of the
specimens with defects.
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