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Influence of Microstructure on Rolling Contact Wear in High Carbon Steels

Masaharu UEDA, Koichi UcHINO and Takehide SENUMA

Synopsis

: It has been reported that the characteristic of rolling contact wear of rail steels varies depending on the microstructure of steels. However, the

reasons for such variations have not been fully elucidated yet. Accordingly, a two cylinder rolling contact wear test was conducted by using

pearlitic steels, tempered martensite steels, spheroidal carbide steels and pro eutectoid cementite steels which contain pro-eutectoid cementite

structures in pearlite structure. The relation between micro-structures and wear in high carbon steels was investigated, and the dominating

factor of the rolling contact wear and the wear mechanism in high carbon steels was discussed. The main findings are as follows: (1) The

wear property of high carbon steels is greatly influenced by the micro-structural morphology, and the wear resistance of pearlitic steels and

pro eutectoid cementite steels with the lamella structure as pearlite are higher than the tempered martensite steels and spheroidal carbide

steels with the carbide dispersion structure (the carbide are distributed in the matrix ferrite). (2) The reason why the wear resistance of steels

with the lamella structure as pearlite improves compared with steels with the carbide dispersion structure is attributable to the prevention of

adhesive wear due to increasing hardness (strength) of the rolling contact surface and to the prevention of the occurrence of fatigue wear due

to flaking in the rolling contact surface.

Key words : wear; rail steel; high carbon steels; plastic deformation; work-hardening; adhesive wear; fatigue wear; texture.

wE

L — LD FEFES R E O XD A ED T AN D Bl
FOREL, ZOBBILI A2 MOBUERIZ L S50
BEAMBIEERAL LBEERTHIEEL 5N T
B LT, L—LOMEREDR 4K 5121
#OSHESREANETFHELEEIN TS, =T 4 |}
W a 2T 38O -tk e, BFEIzL3
Wi EEREME D 1A b A3 KB E O BEFERR TR T hTn

5, ThoDFEEBRICED X, BUERAEORMCX
NIS=74 b7 27 HERERBIMEL Z-E@E () L—
LB, L-LoEREH{bicEs L w5,

=W, Vo LHlD Z AR EAERREIL, S—T4 b
MCHERRE SN TSRS EOMBIIMA T, SR E
WIZKD, BRENKRESELTEZILEHON TS,
BlAE, 78—=F 4 88 (0.67mass% C)IL[Al—FE X DB L
2TV H 4 M (0.66 mass% C) & ML L CTERE DD K
W F S 28— F 4 b (0.7~0.8 mass% C)id[E - X
DOHRE (03~04mass% C)D XA F 4 L& bl LT
FENRDENWSOERPHR XN TS, LirLEYS, Z
D &I BEBMMOENI KD Z 500 BEERRESE
td2ZEMERIATHBIZEEDLT, Zhs 0%t
DOEMIZ DN TIKET A+ 73 Tld v,

Z T, AWPRTIE, @SR EHOSBHRE S RO BIR
EMONITT B 728, HHTRKFE ST (0.8 mass% C) D/ — 7
A b8, MERLUSALT 34 M, 72, BENRERS
(1.2mass% C)DERRILRKALYIA (727X 84 %
—HizED), YA v 24 M (Wi 2 v 24 b
AL/ S—5 4 M) AT, HiEaBAEIZk525
20 PR RERBR A 1TV, R RO MR & RO BIfR %

WE#‘LtOé%t,i%ﬁhﬁ%:%ﬁbﬁ?%ﬁ@
T B AR R & D, ERERD Z A M0 AR
@iﬁU?%ﬁﬂb,Emi%@@ﬁ%ﬁ IDWTEEL
77,

HEME S SUKRBRT &

2.1 f#EH

HEEAM DAL F R 5T % Table 1127”9, HEAMIEFITRE
B4 0.8mass%, 1.2mass% D 2/KUEIZEL X B TH D,
WThEERPBL LCAESHEHCEZRRHMTH 5,
$51E U 72 50 kg #58 (1=110~150 mm) % 1250°C {Z FHM&EL L |,
BB 40mm ICBUBEIE L, ZD%, FTEDMMBER S
728, BHEFHIIB TR A HE L 72, Table 2 IZ 350
DIRFE, WMFIRE, BULEE MG K OBURHZOR X %
N, HEMIE, HATIRFE I (0.8 mass% C)D /v — 7 4

SERI6EES 10 U3 16 F-8 A 11 H 52 H (Received on Mar. 10, 2004; Accepted on Aug. 11, 2004)

B TES
*2 4 FIAB (

) JBEHEITRF 22355 (Yawata R&D Lab., Nippon Steel Corp., 1-1 Tobihata-cho Tobata-ku Kitakyushu 804-8501)
) $XSHBFZCH (Steel Research Lab., Nippon Steel Corp., 20-1 Shintomi-cho Futtsu 293-8511)

1023 NN



$% &$8  Tetsu-to-Hagané Vol. 90 (2004) No. 12

Table 1. Chemical compositions of test steels. Table 2. Carbon content, micro-structural morphology, heat-treat-
ment and hardness of test steels.
Cc Si Mn P S Cr
0.79 0.51 0.61 0015 | 0.016 | 025 Steel Carbor | Micro-structural morphology Heat-treatment ndoas
1.21 0.49 0.60 0.015 0.014 0.24 roari 08 . Lamella A . 296
- - earlite .8 mass% Ferri " s receive
50kg ingot (1250°Cx2h) —Hot rolling (40t, 1000°C) (Ferrite phase+Cementite phase)
Tempered 0.8 mass% Spheroid Reheat (1000°C x5min)~Quench— 285
martensite : ° {Carbide in matrix ferrite) Temper (675°Cx15min)—A.C.
Reheat (11(28'Cx5min)—>Accelerat?g
Spheroidal o, Spheroid cooling (5 °C /s) = Reheat (850
carbide | 1-2mass% (Carbide in matix ferite) | x30min) IR Hold) (700 °C x30min)—~ | 284
cooling (§°C/s)
Lamella
Proeutectiod : " )
. 1.2 mass% | (Ferrite phase+Cementite phase As received 306
cementite +Proeutectiod-cementite)

structure of test steels; (a) pearlite steel

Micro
(0.8mass% C, Hv296), (b) cementite steel
(1.2mass% C, Hv306), (c) tempered martensite
steel (0.8 mas% C, Hv 286), (d) spheroidal carbide
steel (1.2 mass% C, Hv 284).
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Fig. 2. Dimensions and shapes of wear test specimens and
schematic illustration of rolling contact wear test-
ing method.

Table 3. Conditions of rolling contact wear test.

Load 686 (N)

Hertzian maximum contact pressure | 640 (MPa)
Rotating speed 800 (rpm)

Slip ratio 20 (%)
Lubrication Air (100NL/min)
Number of cycles 100,000-700,000
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Contact pr pressure 640MPa
Slip ratio : 20% | H
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Fig. 3. Relation between number of rolling contact cycle
and weight loss of test specimens.
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---{>+=- Spheroidal carbide steel (1.2mass%C, Hv 284)

Post-test rolling contact surface
hardness (Hv, 1.96N)
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Number of rolling cycles (x104)

Fig. 4. Relation between number of rolling contact cycle
and post-test hardness of test specimens.
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Fig. 5. Hardness distribution of cross section beneath & 2 47 : o
rolling contact surface of test specimens after Fig. 7. Optlcal micrographs of rolling contact burface of

100,000 cycles. test specimens after 100,000 cycles; (a) pearlite
steel (0.8 mass% C), (b) cementite steel (1.2 mass%
C), (c) tempered martensite steel (0.8 mas% C), (d)

7oo£. S — spheroidal carbide steel (1.2 mass% C).
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Fig. 6. Hardness distribution of cross section beneath s

rolling contact surface of test specimens after !
700,000 cycles.

- N N e sp g af oy Fig. 8. Optical micrographs of rolling contact surface of
FEDLENTY, WTNOFIZ IV T ERBATOM & test specimens after 700,000 cycles; (a) pearlite
Hv 300) 12K 3 B I %R T s steel (0.8 mass% C), (b) cementite steel (1.2 mass%

( ) f - C), (c) tempered martensite steel (0.8 mas% C), (d)
3-4 ZAHFUEMHRICRIEFTEEEBOZE spheroidal carbide steel (1.2 mass% C).
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Rolling contact surface Rolling contact surface

Rolling contact surface

Rolling contact surface

Fig. 9. Cross-sectional SEM microstructures of test speci-
mens beneath rolling contact surface after 100,000
cycles; (a) pearlite steel (0.8 mass% C), (b) cemen-
tite steel (1.2mass% C), (c) tempered martensite
steel (0.8 mas% C), (d) spheroidal carbide steel
(1.2 mass% C).

Rolling contact surface Rolling contact surface

Rolling contact surface

Rolling contact surface

Fig.

10. Cross-sectional SEM microstructures of test spec-
imens beneath rolling contact surface after
700,000 cycles; (a) pearlite steel (0.8 mass% C),
(b) pearlite steel (0.8 mass% C) at high magnifica-
tion, (c¢) cementite steel (1.2mass% C), (d) ce-
mentite steel (1.2 mass% C) at high magnification.
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Fig. 11. Cross  sectional SEM microstructures of test
specimens beneath rolling contact surface after
700,000 cycles; (a) tempered martensite steel
(0.8 mas% C), (b) tempered martensite steel
(0.8 mas% C) at high magnification, (c) spher-
oidal carbide steel (1.2 mass% C), (d) spheroidal
carbide steel (1.2 mass% C) at high magnification.

Fig. 12. TEM images beneath rolling contact surface of
test specimens after 700,000 cycles; (a) bright-
field image of pearlite steel (0.8 mass% C), (b)
dark-field image of pearlite steel (0.8 mass% C),
(c) bright-field image of spheroidal carbide steel
(1.2 mass% C), (d) dark-field image of spheroidal
carbide steel (1.2 mass% C).
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0.8mass%C Pearlite steel (Hv296)

0.8mass%C Tempered martensite steel (Hv285)
1.2mass%C Spheroidal carbide steel {Hv284)
1.2mass%C Cementite steel (Hv306)

T R B
i Contact pressure : 640MPa ]
7+ Slip ratio : 20% ]
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Average of rolling contact surface
hardness (Hv, 1.96N)

Fig. 13. Relation between average rolling contact surface
hardness and increase of weight loss of test speci-
mens at 200,000 cycle intervals in rolling contact
cycle range of 100,000 to 700,000.
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(a) Steels with carbide dispersion structure
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(b) Steels with lamella structure as pearlite
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Fig. 14. Estimated mechanism of rolling contact wear of
high carbon steels.

A MRS RO RN A A FRZhIZE 4D
XUBERT S, —F, 74 THEOWMTIE, /S—F 1 b
WMo 7254 MEEEX Y 24 PHEBMHEL TERIC
BMERL, HEXOHEME KE WD, TARDERED
ETIZEBWT, KA FR2R0RENIRIENhS, 512

Bl M 5 &, R TEREEDOHFTIZ, 240D
HRFOE FOXHMEEL , ZAVOE CHEENSRET
L, —F, IATHEEDHNT, TANDERZDOE FTOE

AWML, ZADPDETO ZHPHEEOREN & 5123
flehs, ThoDIANDHERZOE FOM X OKML
MEROXEBIOENIXD , RICH D EREE DM &
LT, A TREDHIEAAL FRZEDOFEEIZLE LS Z
AMDETOREE, Thbb, HEIHERDORESIIH SN
%,

P EOHETE L - tE2 5, 7 2 FREOEIT, Rt
BRSO & i U T, BEEORAEPMA L, E51C
TEHERORBENAR L EEL S,

ZOWT, RIS BOEEDOHIZ 5T, BRIRLR LY
ik, MRLLT VA PEELT, 2TARDED
WEXOMMA/NE L, BEICLDER/EEXhIEEL
5Nhb, 7o, ERIRMLRIEMENL, EL~LT V44 b
W& L TRILIOH 4 T KE VD, ZANDHE
Tz T, ERT B84 PR, FIEEoREmC
DIEFEFESEE SN D EEZ B,

BRI, A SHEOHIZBNTE, EXx V24 T
i, RGN E X v 2 4 MO RIICAET 58
AA NSRRI L - FEEARE L, MELIETERESRET
HUREM 2 D 5.

H MR BT (0.8 mass% C)D 78— F 4 M, HEL~IL

48

FUH 4 M, /2 WENTRER S (1.2 mass% C)DERIK
LRSS, ¥t X 524 M (T2 A4 ¥ 2 4 b #lf
EEE/N—54 M) AHWT, ZAPDEAMBERERE &

o, EREMOMEE FROBSE B L, BREMO
I KD EMERO KRR ARA L, & 610, BRE

FAOERBBIZOVWTER L, ZO/BR, UTO/RGRA
Hohi-,

(1) EH%%@ AMD BEREFEREG, MRTREC
KESHEEIN, 7ATHED/I—F 4 MRSV
a%bﬁi,mm%%%%%(%m7154bm%¢'%
LA BB L 72 083%) OBRL~LT Y44 M, ERik1E
AL L R L T, BREN D &L, WEEESED

(2) RIEMAEUEEDH &L T T X FEEDHD
MEEREME 2N A ET 2D, 7 2 FREEDOHTIZ, ZAHD
O S ORMAAE <, EEEREI TSNS Z &iom
AT, TARDHEDERT LHBEICE & & S WITERDOR
EPHHIENB ZEPFELBRATHEEEZELZONS,

(3) RIEVIHTEREEOH & LT T 2 7 HHEDH D
AN THITERE (REE) OREIIHI S hHHERIL,
T A THBEOETIE, ZAANDMPLZOE TIZEWT, 5
B () AEmL, RHOREMMHENEZ L, &5
12, ZADPDHEHBETFIZEWT, S—=34 Miiho 725
4bmkkxyﬁ4bﬂﬁm%LTEM:WﬁﬁWTét

R BRSO TR S - 5 7 « 5 4 AL

ﬁ%%@%ﬁ_%&éh5$4b%§ﬂ®%&ﬁww
N3 LNnELERNEELLNS,

X 73

1 ) M.Ishida: Shinsenro, 49-5 (1995), 38.

2) G.A.Tomlinson: Philos. Mag., 7 (1927), 905.

3) H.Kageyama, K.Sugino and H.Masumoto:
(1978), S905.

4) R.K.Steel and R.PReiff: 2nd International Heavy Haul Railway Conf.
Proc., (1982), 85-HH-24.

5) H.Masumoto, K.Sugino and H.Hayashida: Ist International Heavy
Haul Railway Conf. Proc., (1978), session 212.

6) K.Sugino, H.Kageyama and H.Masumoto: 2nd International Heavy
Haul Railway Conf. Proc., (1982), 85-HH-20.

7) K.Sugino, H.Kageyama and C.Urashima: 32nd Mechanical Working
and Steel Proc., (1990), 171.

8) M.Ueda, J.Takehara, N.Iwasaki and H.Ichinose: Tersu-to-Hagané, 64
(1978), S906.

9) H.Yokoyama, S.Yamamoto, M.Fujikake and Y.Yoshida: 4th Interna-
tional Symposium on Rail Steels Proc., (1997), 1023.

10) M.Ueda, K.Uchino, H.Kageyama, A.Kobayashi and T.Kaneta:
ITHHA’99 STS-Conf. Proc., Vol. 1, (1999), 259.

11y T.Kigawa: J Jpn. Soc. Lubr. Eng., 28 (1983), 721.

12) M.Ueda, K.Uchino and H.Senuma: Tetsu-to-Hagané, 87 (2001), 32.

13} T.Furuhara and M.Maki: CAMP-1S1J, 12 (1999), 415.

14) W.F.Hosford, Jr.: Trans. AIME, 230 (1964), 12.

15) G.Langford: Metall. Trans., 8A (1977), 861.

16) Y.Daitoh and T.Hamada: Tetsu-ro-Hagané, 86 (2000), 105.

17) M.Umemoto: Mater. J., 39 (2000), 225.

18) Y.Kimura, H.Hidaka and S.Takaki: Mater. Trans., JIM, 40 (1999),
1149.

19) W.R.Tyfour, J. H.Beynon and A.Kupoor: Wear, 180 (1995), 79.

Tetsu-to-Hagané, 64



