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Evaluation of Rolling Contact Fatigue Damage of DCI
by X-ray Diffraction

Han-Young Lee

ABSTRACT

Evaluation of rolling contact fatigue damage as well as material development for roll of rolling mill is being studied
until quite recently. In this paper, a focus has been imposed on evaluating the rolling contact fatigue damage. In order for
this, the accumulating process of rolling contact damage using the ferritic, pearlitic and bainitic DCI has been analyzed by
X-ray diffraction technique. The main finds are; 1) The graphite in DCI is considered to be a cause of interfering in the
redistribution of stress. Eventually, it results in the branching of crack. 2) The evaluation of rolling contact fatigue damage
can be estimated in terms of the change of residual stress and/or a half-value breadth on surface during rolling contact.
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Table 1. Conditions for stress measurement by X-ray dif-

fraction
Tube of X-ray Crko
Current and voltage 20 mA, 40 kV
Irradiation area 2X2 mm’
Diffraction plane o-Fe(211) v-Fe (220)
Time constant 2 sec 4 sec
Scan speed 1° 26/min 0.5° 26/min
Angle of ¢* and y** ¢=0, 180 =0, 180
(degree) y=0, 12, 27, 42 w=0, 25, 37, 48

*angle between the incident angle of x-ray and the Folly
direction

**angle between the specimen normal and the normal of the
diffracting plane.
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(Ferritic structure).

3.2 7E0EHe HFSHs;

Fig. 32 slz}o| E7|2) 9] AN EE 2} A F 3}l 4]
T-5ubat A g Ete] 3] ol M8 AG-EH el WsHE
A3 Aoloh. 2 Foll+erd2 At XS 75
sk (P=0")o. 2 7]2o] 235191 A-Fola ot

k2 vl ulsk(P=180" )20 7 7]&o] &3 7-9-o|c}.

15 Hgel A ARl Aol e 33
gl Ejska slort FHLSE S0
A3l gleE o 4 ik 1300
MPacl 4t 148 AHF-¢HAHE Bel F ohA] g
Zabel 2 HstE 9l out 900 MPasliAl = <lge] 4
Arej o] wishs wolx| ekom 8)H4ol ube} =i
o ob % gle}. 1efv} o] 5o} SuiA

shgoll ¥AISle] A2 22 24(-50 MPa)ys:

1-

L& o olek e+ el 1))

o

=

T

751,?_‘_ zJo
+g2e] tha 7)

[ B |
ol 52} xwl

- 2t} Fig. 4=

zd _%_O]J-E-ﬂ o] ] o
2o} 2 glr}
Eapol et

L_O



- 580 -

XA 2o 9% FAEA

749 TEAE A2e4E

Rolling direction

(a) 900MPa

Rolling direction

(b) 1300MPa

Fig. 4. optical micrographs of parallel section to the rolling direction after test.

&y pEuer A & 2ARE A3
olch. &2 900 MPag] A A ANH 4
W 5-E0] brolw wY FAL ¥A|5tn 9lon w
g o] 5 obe] Bu[6]e} whAAR L R Fodg
Adale] Fodo] FAugol} Aute} wado] Reg
oF 4= gle}. © 1300 MPas] A9 AUt o]
F4shs Qo t2o) AN 2AFES TS

2t @do] Mt 5 o 5 qlrt

Fig. 5&= s depo| EAl o] 3| pol] upE 27642
HEHE Vel 3 ek Al A ells oF 25 MPas] 1%
o] ZAF-HE el 9ot FAFZd we}
splitdAto] Fbx o2 34 veh) - vlske elxl
aheke obEe] AF-H-S Bolw 103 = 2
=9 Adigke]l A 2EE

T 4 9k
Fig. 6& . ~ml 2] a)2] 24 5o] w2 slefe] =

+

(68)

el 2] MsE el ek o] 5 Wk
sdefol e aje] Ao narlA 2 A @Al 7HE
100
C o+
50 | o ® ® -
| -0-9_
s o ° 00\
z- O [ oo
g \ .‘Q\
g 50| 0-0_0
| oo
g 100 | © \
< i ) O
o \.
e

Rotation number, rev.

Fig. 5. Variation of residual stress with rotation number
(Pearlitic structure).



Jujo Vol. 17, No. 6 Journal of the Korean Foundrymen's Society - 581 —
200
| - C v
150 } | @ -V
| )
oo ¢ ]
Y T \
o ®
o ® [
3 . : **-e0 5%
- /" o,
8 F O _
5 @ .
s}
o
2 \J o
§ > r 0—0Co-0-0
L9 * -
o—== 0-Om ! o @\
1 Q
\
150 . O |
- 1hr 3hr
00 bl el el el el
100 10t 108 10 107 10 10t 100 10° 107
~ Rotation number, rev. Rotation number, rev.
Fig. 6. variation of residual stress with rotation number (Bainitic structure).
A 2l 19 B o J0MPs IS 8 A RG] PR 9 2ADE ¢

O
R

o - 30MPas] 1] Bigede] Exfatn 3

2 EA KJMI wpep-ubeke 1Ak, + Wbk &S
vheh 3 9)8-& oF 4 9lr}. 3 Fdefo] Exje} o}
W72 250 AaiglE A8 258 & 5 A

2 ATl HE AR08 phA| szio] =
A& Ashae ool @k Qgkort Fig. 5~629)
st x] sdzto] EAl) A4 10°81, 98l 14
el ASE 10084, SAREARN A 34
5x10°8 - ol wbskel] gAIGlo] AE FEHFL
2 Wspshs dabo] BARe & 4 ok olam Ak
& 259 wWist g4} sldete| B, 31704 A,
17k 2] 7)) £0.2 o] & %A Bk o] 5o

37361 A Roke e o = ok webd o)

g Ak 1] A-(11]¢} vAAR| 2 k] rolle] &
APIAS ST 5 e WA Beks o) e}

feto]BAe] mAZUHAIY A 2ol A
s e oubdel watahgale] staeld E
of] 917te] z2kF-g-2 o] ulAl[14]o)] AF2-3)= HAb
oI 2 oISl M 2 ¥ A o)
shake-down limit® 72| W3- ] o]A} % sgg}z]
I AR el FEAET] 2 kA o] ol £HAME:
Azl B4 % s AL 4%
28 4133} o2 35 o] zlci11].

e} g AdzAe Ao dukd ez g

2
of\e =

2

1.

ﬂl

“‘7

| .

(69)

F-52o] ZAs 3 w l nc}s THAE
1 o F80] o) 78
2 Zo| W2 A
T

5‘}4

dn o B R 2
) o o2 |
*Ir@g

o

Jjob Ho
iy
o

r2

ol &
s =

9] T”‘-—cra—:’,“dg 73’42]71] 3t

A 25t e] seto] =)

o N
W A
_\_9.

_1\1

.

o

+

©
lﬂt:
o

°

i
AL
i
£
1
A

r? M
offt ol
e r2
oL

2

N N

o 2o
1o
olo

1o

£

dp e Hode N L e

pd)

181‘—% HzlolE7|R]12] A E9IHAM = 7=
st ol] Bl 3l splitd A2 # &3} s{deto| E 1) wo]
o] E7|2] 0] Ayl FgHwHe] FtH oy &



-582- XAH 2 o PREAFHY FEUE H2EAE 7)ol By
250 ol EApe] 22¢ 243 Azelch. AMl o] Ashi

0 | V52 el Eakfarel Aol FAYEs Y =

o 15| o g 3B st A=) BARZ Al gholl
= ARAe ot AFRFelE o] AF-22E 7}
g oor - AT Qe Bestchogael ). oleldt Anke
g wf 5 We127HSAES2100Ys TEuHA R AS AFL.
i ool EAbe] H5-$o] EARTHE ATHIS]H:
ol 5 kst A oleld YT Sade 2ol B2 £

| quze) FUHFel DHY WAL Qe Aes

T T T e e w0 FEs wEkskA) g oleje] AR el

Rotation number, rev.

Fig. 7. Variation of residual stress in retained austenite with
rotation number (at 1300 MPa, 1 hr).

s
1=}
=

wpaps) 457 7] 9014 ole AEe) AT S
FEo] BT & Aol AL
2ol & o wjo|rfo] Eabol] EAjahe
z o] FUAAol JF& v)Acke 7

_\2

A-]]

° r_i-... ol du

B A=

¢

279 FAAFTo B2 Frda
gs}a) ot dubgl FEoh
Ju}sko| JrEn)kal nlulskol v g2

% e it B o S °é%l)
o}ag}sko| o -1}2]2] ot 3}
ol 8F-2-

[+

Fig. 72 1417t 22815 A 2]3 A8 AFeiH

900MPa

Half-value breadth, 2¢/degree
N ONORNNDONN
o —h N w o 141}

o
o

18 L g sl L e aal ol L1
10 10* 10°

Rotation number, rev.

10°

Ao QAAe) AF-SHE FpR} L iEfo] EAHE 5
elol=ol ula Zalolm2 ool Ao 1 dPS
FAG % Qlovt 2 ofe] golAw gk WA
&g Aoz 2age) Al

oleqt ZrolA By FEuhEAS FAEAT
A FIe T BE}LD Todo] FdUAT
WG BAF A AL FaG Aol AT

O‘"l

t o] WEGTe BehE 73 712eiA
£ ) e Aol A mlAE Aoz 235
Ale},

3.3 T-E0kEol ot ui7bEe| ws}

A hdrolle] P77 gl 7 2 AL
e WeZe AL WS 5 5 3l o
Frishr-e) W EEE S5 1 £
A3t JUHT7-10]. 22t o]

1300MPa

i _A_Illlul A |1|1[lll L ]Jllll[]

10° 10* 10°
Rotation number, rev.

108

WFig. 8. Variation of half-value breadth of diffraction profile with rotation number (Ferritic structure, y=0°).

(70)



2t WHEEZE XS 3lofol 3= u|dA A o|e]
g 4 gl

AR dubE4 FA7kE o] &8 FE b 9
g EAPL AR B o) wb Vst SYigAE
ehll e ard Al -G & FRIvhke AR [11]E ¥
v} glrt.

Fig. 82 #le}o)EAE 900 MPa % 1300 MPaol|A]

Al Y3l A S FErbae] W=0" A1) ul7}35-9]
HEE veP R Qo 2] 9] vbEE 7o 43
2 A 2 s e gl et 1 o) Fo] Wi
dntet47ke] 7352 w7 R = A eFdo w
2t Si=49 WEE Jeldlz 3l g9lon 4=
BAle = A& FR3A ALY U S B

ol o5& ¢ 7 vk web FEvhael] 2§ 1]
Al ZA 2] ¥Mste Bl EATo BA Qlo] T
= 718 o o 2t

Fig. 9= 2283 2] uirlEe| W3S el
2} Fig. 83 whalrlx| 2 ZoF A Abo] #ats]
U= & g e} o] 5L FHo EEsA] gk o)
1278l Al 9] A= 5x10°3]A, 3x7kx2) 9] A
T 5X10°3]H 2ol FHE ebd F s
AoT Hol 7}e] 99} vl AR o] F = niy)E
o] A9 ol =3l F &AbE Aol Jojd A}
[11]3)-& & 4= 3o}

T
-—
| .

(71)

X A17H Al 63 (1997. 12) Ll e et a1 | - 583 -
3.1
i lhr
30
29 |
8
& 28 |
:E. L
N
£
B
:
o
o
B
2> O -
b — ~
I %0 [ %¢ |
23 | =0 -
22 + -
2.1 ' o) g g L il NPT I NN N AT, ARSI RS W I R VST EN I N R s R R S W T 177 A I WY,
103 10* 10° 10° 107 10° 10* 10° 10° 107
Rotation number, rev. Rotation number, rev.
Fig. 9. Vanation of half-value breadth of difftaction profile with rotation number (Bainitic structure, y=0").
e AR s vet 2xey) vl ek oh]  wlebd FAEAFY] TEobE) % &34

= ke 280 589 % wiRe yrldew

FAst o|F AFE B EN FHI] kst
7hestths A& o 4 oldh.
.4 B

3747 71X 24 8] FAEFAFHE A
Al 1SS S XAEH & Bl sl g Ant

=3 2L AES 40

1) #H2to] B 2] 33l M3 3842 Wit
Az A 2] W {50 w} MOla}ml Beivido] o
o FgHHo| 7]gof At

2) Hdto| Exf9} vlopo] EAje] A= 44
oll whet A FEe] 278 o] TEsp] T3
Hrlo] SbA ez 3uEd 4575 o] F3 9l5]

yhal Fict

3) FAFE A T o] FE bl olat AHELe| W
5l 4o Lol A] Gl E} o )M 2R o] wiEkE uled
shi W7bEe] wshe Ba7dE Solg sk (3
Haaish)e veplio] 284 3ol 2% Il 2 &4t e
o] %rb} 75 o2 whekac).

4 FAEATAY B Fde] By
2 odehe vlxT FIY ¥R Falel

o &Eshes Ao s A

] s} o]
o]

b 1
O I
R

O
rir



—584 -

X435 dol o FHEATHY FEHS AZEAE F7h-o]

&l-od

T &

& =

(1] ILFFREL - &BERRETIR), 8 (1980) 88.

[2] 1B B2 5b . 7R ZHEER, 7, 1 (1982) 21.

[3] AW. Durman and D.W.. Elwell : The British Foun-
dryman, 9 (1985) 371.

[4] F. Maratray and R. Usseglio-Nanot : “Factors affecting
of strucyure of Cr and Cr-Mo White Irons’, Climax
Molybdenum S.A.

(5] f&7< B& 7} - 7R Z 8T (KR B

(6] Z5358 < 655 14, 3 (1994) 267.

[7] 2% 9L 7% - B AEsin e akiEES (1976) 355.

2

(72)

[8] 2% 5L ¢ - BARESRHG EREEEE (1977) 300.
[9] XtEBRETIF LR & [ L BRI e - e 28,
312 (1979) 847.
[10] 2050 5L ) : $8 & 8 14 (1979) 2067.
[11] 28 MARE : P4 Ko 2 b 34, 11 (1989) 815.
[12] RER AR : 8ol X EHaE 1289 255mE  (1969)
18.
[13] 2 1§ : #4975 23, 11 (1978) 828.
[14) K4 & "BRENNEE LB R E (1987) 189.
[15] 2= Emt - KEEEEEE 32, 2 (1996) 150.



