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Evaluation of the Fatigue Damage of Rolls for Strip Mills below
the Surface by X-ray Diffraction Method

Hiroshi TARECHI, Kazuo NAMBA,

Koichi Kawasakr, and Keizo FUjIwARA

Synopsis:

Technique of the X-ray diffraction line profile analysis has been applied to the study of fatigue
damage below the surface of the work and the backup rolls of cold strip mill and the backup rolls of
hot strip mill. Half value breadth has been taken as a measure of fatiguing.

Fatigued zone below the surface of rolls is well correlated with the half contact length of roll,” L;
0.03 L in the work roll of cold strip mill and 0.1 L in the other rolls. Changes in the half value
breadth with increase in cycles of roll contact differ in accordance with the surface hardness of the
rolls: continued cycling results in decrease of the half value breadth at surface in hard rolls (Hs=60)
and increase in soft rolls (H,=<50). The technique of X-ray study of fatigue can be extended to
prediction and prevention of accidental failure of rolls due to fatigue fracture such as spalling. Fur-
thermore the amount of surface dressing at regular maintenance of rolls can be saved significantly on

the basis of accurate evaluation of the depth of fatigue damaged zone.
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Table 1. Specification of tested mill rolls in the surface layer.

Chemical composition

Size of
Shop Roll barell (wt.%) Process Ha(rI(_iIrsl)ess Structure
(mm) C Si |Mn | Cr | Mo
Cold rolling | Work roll 50%3‘*‘1%’13 1.0] 0.3| 0.3| 2.0| 0.3| Forge 80~97 | Martensite
” Backup roll 1400;§f¥gg¢ 0.5 0.3 0.3 2.0| 0.3 ” 55~72 | Bainite
Hot rolling p
(Rough) 4 4 0.7| 0.4| 1.0} 1.0| 0.4 Cast 43~-50 4
Hot rolling
(Finish) 4 4 0.7 0.4 0.7| 3.0, 0.4 Forge 50~-68 4
Table 2. Rolling results of rolls.
Maximum Number of Half contact
Shop Roll [Number Mill Slt\?gd pressure rolling contact | length V\Eeri;lde? th
1P leg/mm?) [V (cycle) L _(mm) ¢
Cold rolling | o™ g P sandtandem ) g 105 4~24 5104 3.7 <0.05
v Dackup | ¢ ” 4, 5 106 O~1.4 108 3.6 <0.1
Hot rolling P Single stand
(Rough) 4 2 4HL 4 130 1% 108 7.0 1.2
Hot rolling 7 stand tandem
(Finish) 4 5 4H; 2~6 120 2~4x 105 5.5 0.4
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Table 3. Measurement conditions.

1 | X-ray Cr K,
2 |Filter V, at the receiving slit
3 |Diffraction plane |aFe (211)
4 |Slits Parallel beam, 0.4°
5 |Irradiation mask |8 mm X4 mm
6 |Irradiation area 12 mm X2 mm
7 | Tube voltage 30kV
8 | Tube current 10mA
9 | Counter Scintillation counter
‘ 10| Counter scan speed|1°/ min (2°/ min)
. 11| Time constant 16s (8s)
12|Range of 26 145°—169° (148°->164°)

( ) : for backup rolls
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Fig. 1. Distribution of half value breadth below
the surface of work roll of cold strip
mill before service.
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Fig. 2. Distribution of half value breadth below
the surface of backup rolls of hot strip

mill after dressing over 2mm#.
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Fig. 3. Distribution of half value breadth below
the surface, (1) work rolls of cold strip
mill. (N=9x10%4 N is the number of
rolling contact of the roll at a chance.)
(2) backup rolls of cold strip mill. (N=
4% 105 for Hs 55, N=6x 105 for Hs 64.)
(3) backup rolls of hot strip mill. (N=
1x 105 for rough, N=3x 105 for finish)
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Photo. 1. Transmission electron microscope obser-
vation of the work roll of cold strip mill.
(a) damaged by fatigue : 10y from the
surface, (b) undamaged : 1 mm from the

surface. (Hs 90, N=9 x 104)
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A O N I HICEEL L iz LTuvb., Shick L
BEEOEVHEER HBR 3e — LAE OEEH
DOTEBRARCHERTL5MER LTS, HAHEOMHE D
Wi 4.1 TEZEENZ 5.

2.2.3  FKEOFAHE O ELER X 51k
KEROFECE W TEEHHEIZ < iR LB 0%
FEIEZ & oFef ¥ & &R T i FBHE CHlE Lok
fiitg & DBgfR% Fig. 4, Fig. 5 wfhlind 5. CWR
BEBHIE 0.15mmé L E) OBFELHEIEELT A b
B 0.05mm? W U7 A&% R Lic. Wiho Be
b EAREIR OHRIC & b7 v — A K O LR T 25
FDHOHID, REIEEL 0.05mmé iR U-Ba B
I B OB AT LEMHIEME T LT\ %032 MRS
BV L B REEEE OLMEE TS RB Lickd L&z
bihs.

CBR 3 CWR (R EER OB 5> KH
AAMIE OE T 2S7BD b s,

— 88 —

A




X EHIC X 5 EE R — 4 0 BEE Y 805 E G 2071

Table 4. Specification of specimens for model test comparing the mill roll.

Chemical composition (wt.%) Heat treatment

Har(d}rll:)ss* Structure*
C Si Mn| Cr Mo | Ni Soak | Quench |Temper | Cool

Specimen | 0.4 | 0.34 | 0.34|0.73|0.17 | 1.72| 75 | Bainite ??S?ninw&?;cosriigl*i%% V\C’gﬁirng
Baﬁ:kufp - Furnace
roil Ot 0.5/0.3 [0.3 {20 |0.3 — 60 Bainite | 900°C | Jet water| 450°C | cooling
cold strip
mill

* at surface layer
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Fig. 6. Change of distribution of half value breadth
at rolling contact model test.
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Photo. 2. Optical microstructure of specimen of

model test. (N=9Xx105, cross section
normal to tangential direction)
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Fig. 7. Patterns of half value breadth distribution
occurred by contact rolling. The dashed
lines represent patterns before changing.
(b is half value breadth and x is depth
from the surface.)

THRLEMEBET, 2BEBORER IO 7 =
BROTHMLISBHE IR,

. 5

41 FEHETCELBSFEMBOEIL
2 HEORAHE A OB RS Hs v <A flic KRk
L Fig. 7 wiid. 828y X 52440 i o & 1k
%, B3I 2R LB X b kRan 7
5 AINIBOEETRT. HABCITEH L b5
BAMEZL D & 4 7 HE Liedd Z AL B AR E2EA X iR
MRBER IR ERE 20RO 0HIHE S . Al
3 BrbEsgin, B 3EBERBA R RT. AN TOELRE
2dh &SRR L.
(1) Hs 60 Ll Eor— v TEHICE S I\ EAHIE
DT B (Bx A7), Hs 50 LITFCix
LTS (Ax17)

| S—

1p
Photo. 3. Transmission electron microscope observa-
tion of specimen of model test. (a)
damaged by fatigue, N=9X105: 10y
from the surface, (b) undamaged,
N=0: 1 mm from the surface.
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Fig. 8. Causes of change of half value breadth at
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