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Effect of LASER HARDENING DEPTH on Rolling Contact Fatigue Property of Steel Rail
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Abstract Nowadays, online slack quenched rail has been widely used, but some troubles still exist such as side attrition,
collapse and spalling. In order to further improve the service life of rail, hardened layers with four different depths were
prepared on U71Mn rail surface by using laser hardening process. Wear and rolling contact fatigue property were investiga-
ted, and corresponding surface morphology, cross-sectional microstructure and wear mechanism were also analyzed. Re-
sults show that the hardness of original steel rail is about 35 HRC, fatigue spall and plastic deformation with severe surface
corrugation are primary wear mechanisms; After laser hardening process, the hardness increases to 62 HRC, and slight fa-
tigue wear is dominated; The weight loss decreases with the increasing of hardened layer depth, the weight loss decreases a-
bout 50 % for 0. 7 mm depth specimen, and decreases about 71. 5% for 1 mm depth specimen; Severe cracks generate at
the edge of contact zone when hardened layer depth less than 0. 7 mm, and these cracks can only be eliminated when hard-
ened layer depth larger than 1mm depth; The rolling contact fatigue resistance of rail surface increases with the increasing of
hardened layer depth.
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Fig. 1 Laser hardening device of rail



Tab. 1

&1 U71Mn #1 CL60 L ZR B (REDH/%)

Chemical composition of U71Mn and CL60(mass fraction/ % )

Material

C

Si

Mn

p S \Y% Nb Cr Ni

U71Mn
CL60

0.65—0.76
0.57—0.65

0.15—0.35
0.17—0. 37

1.10—1. 40 <0.03 <0.03 <0.03 <0.01 / /
0.50—0. 80 <0.035 <0.035 / <0.25 <0.25

R2 HAEATIZSH

Tab.2 Laser hardening process parameters

Specimen

No.

Method

Scan speed

/(mm/s)

power/W

Average laser Surface Laser beam Hardening

temperature/C width/mm depth/mm

1

o o= W N

Untreated
Laser-hardened
Laser-hardened

Laser-hardened

Laser-hardened

10
10
10
10

1 640
2 020
2 300
2 750

850 20 0.3
1 050 20 0.5
1 200 20 0.7
1450 20 1

(a)

(b)

()

(d)

[ 2

Fig. 2
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Tab.3 Result of wear test

] Weight loss  Weight loss Weight loss
Specimen Hardened Surface Cycle ) )
Method of rail of wheel ratio between
No. layer depth/mm hardness/HRC /(10 thousand) . . )
specimen/g  specimen/g  wheel and rail
1 Untreated — 35.7 20 1.102 1.035 0.939
2 Laser-hardened 0.3 63.5 5 0. 144 0. 545 3.785
3 Laser-hardened 0.5 64.1 20 0. 648 2. 457 3.792
4 Laser-hardened 0.7 62.7 20 0.553 3.163 5.720
20 0.314 2.433 7.748
5 Laser-hardened 1 63.2
40 0. 827 4.167 5.039
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Fig. 5 Surface micromorphology of rail specimen
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Fig. 10 Cross-sectional crack morphology of No. 3 Specimen
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Fig. 11 Cross-sectional crack morphology ofNo. 4 Specimen

(a) (b

(c)

(c)

El. R

(d

(d

d

12 5 5 @A A T T RSO S (40 DT %0
Fig. 12 Cross-sectional crack morphology of No. 5 Specimen (400 000 cycle)

3 itig

S HMBE LR R 1 Sl R A T
JB I HARE . 15 Bl O e 0 R i 0 ik
B RS B 28 5 S A K Ak B (R BE R AT 35
HRC, 7ER 3 A0S 2 2 197 5F IR & A8 BB I
AR R0, 1 mm BYIBPEARIE 2 L AR SRR PR
Q. Hl TR N IR S BRSO R AT
VR DX I R A B I A o AN AT B A
AR 2 T B RE B B3 K Bl P AR Y BEAT 1K
TR THT 1) 1y ER 22 28 387 4 0 s i 200 B2 L) 90
2 IR T A 2 S UM T AL A R )2 A R 4R T
FHISE B8 57 U IE N B TR 42 58 B 0R 2R 0L S AE TR
24 SRR AR A R ) 2SO A (R L T R A

— 586 —

NG WIER M ECR SR Y B 10~ 20 JE 3 £
] N AR R I AE D o A8 v 3 1) K- O 1 4 g A
2 LR B s

AT e 6 SO TR KE B R T N L
AT B P R R R S B SN B A L L 3 R 4
SRR I A 2 T4y e > T ALY A 50%0.5 5k
FEWD T 71.5% . 2 53Kk 5 TR E 0. 144 g,
BB 20 T 2 0. 576 g Wl 3 5 4 Sk
b T AR K o OGP K3 & T T Y 5 R AR B
itk 2 52 5 SRR A BB A KR
A S B AR I AF e . X2 T OB ek
AR T AN T ) R LEE . OGBS R
JEiAE] 62 HRC, 38 [ BT 38 B K T 58 8000 42 fil 17



15 AT LLAT AR 4 1 AR v A VPR AR I L KR Y
P AR BE L 2 A 5 RITE S . B 7 R L Ok
VAR RE SR T AR H R W . R 2 AR B9 97 #7k
Wt 25 5 5 3 00 20E A7« 3095 2 B T . 4 AR T
T 12 Wow, #EZ TR 0. 03 mm LN, 244
6] K7 [ 5 B 258 IR E MR T, A B
BB 5 B L

K )Z R LA, 2 5 E 4 SRR AR
BT OR[RI AR B 2, 3k e P T e R A U R
T E TR I b R T NS B e 45 32 R IR K
RIS AR KA YIN Iy . Mk R, i
KU ST EAEFEM b B WA A 2 L
CPEVE K 0 2 5 R R AR IR 5 A 5 T G
AT KRB, b R AL R R R R, B 4R )Z
() $5e K VDN AT B H S R Ak 2 R B i — (e
Jei s B KUY 1 AR A 2 3 b 5 B 3 B 4K 2 Y
HRE L DN B K2 R R, G0 3 SR 4
WRE, B R AR O . HREIESith BT
—E M AR AR 2 R 1 2 B0 R T R AR
AR ) 7= A A, O TR P S FE b B . 3 SR 4
TR T 2480 L il AT 156 B 24 SO B 6 2 R )
VEFZHE I N Y M. Mk 2 EER N 1 mm
PUR -5 5K BE 40 J7 W Bt 5 #0172 WY
Ry,

T LR R P R A ST R 1 S MR
DX 3 % 77 A 5 U0 B T K IX i % B T s AN R AR )2
(AW 55 PR o 3 TR K2 AN il /L B b A e} S A
Z IR TR A L AE R R 71 R 25 5 Bl B
7 7 A S 0 5 W VR 2 D 1) 328 1 1) 42 fis IX vt 97
J& o T I 2 9O R ) TR AN, N R KB R g
(B R RS TR O I VR 2 A mT D4R 0 O A 1 S
1 30 % 0 TR KRS8 5 R B I L

WO VA K2 (1R 20 35 B R Y S i R AL
il 7E R KO RN bE AL R B Y R Dy  R AT
T . MBOCEE K E Mg, Wy el
) TP YUY R S 5 A R ey R
07 1] 45 2 A % S W VR K2Ry T R S
SURLL I N YR . B BT R RIIE A 1 R
SREW WO K R ERE 1 mm £ K
T B SR Ak, SEMAR SR G T 01 S a0 e 31 3 b1
TR B, T A M A LA A Ak Lk 1 R
JRE LTSk S O A R R R 22 R 5 BN AR R B
P RGBT IR T A S T AR

T7 1) K A i i o DR O PR KR B 7 AR SR
A R IR ] YR RO 2 R R T
MR ZE A2 BB A

FIZ BT BRI ZE A EE S AR U3 18 3 2 6
BN 200 . (R S 4 fil i B b T B 05 Al
PEAUR — X SE A G R Y AR L 3R T Y 9%
55 FELIRAT R 05 (Y I T8 1) R PR P B LAY A
T 24 P 450 3 450 o I 2 THT ) 9% 57 ¢ 808 R AN e 1] T
PR WL B . A U g 6 T A 22 R
I BEAR T O TR U B PR AT 3R il A 4 fl g 57 1Y
SN R . FEE 0.7 mm R KIEE 5% W
ERT WA RBU" A AERAE 200 3 2258, ke

WG T ARG, YLV KZ R R, S T
/NI 22 3R I R Ao 7 B d
4+ i

(1) A4 BEAN IR RE 0 B8 BF H A7 35 HRC, B §i
VLR A8 T R 57 0 8 O 3 L 3R ™ AR ™ T Y I
WOtk e e mRE B HE 5 ) 62 HRC DAL, BE 6L
B 2R R R R 9 57 R VK o Bl A VAR K2 TR G i
PR FWH D, 0.5 mm PR R B 4 R F R T
41% ,0. 7 mm K Z R BB R E D T 50%,1
mm KRB IR EWR AT 71.5%,

(2) il 5 YA I 2 (1 R 3 1 R 2 T 1 9 9 24
SUECRIE D B S i bE B E R . M AE IR
JEAE 0.3 mm I, VK JZE R 2 DL S 4 o 2 o
(R 42 fal 7 g AR R R A T R L, Y
VK JRRBEEAE 0. 5~0. 7 mm 22 [A] i, B 33t R 119 30
G RN, RASMEXIZHEERF 1 mm
B A B8 58 4 V1 B 2 WL 801 =

)W K 1 LB AE B R B 3L b 5 1 B
23 R A e U S KO DT I R RS R BOE K E
FVE A BT IE .

5% 3k

L1 AR5 A H A, o WL, 55, B9 B0 2R 88053 17 R s 43 1) 3
(M. Jb st b [ BRaH H AAE . 2010,

[2] JHEBR, ER  E R, 5. W2 KT KT Rk fe
MWFFE LT ] 4 ) P B, 2000(2) - 11-14.

(3] PG ik T 42 405 2l 24 mig 7 110 3 3 2 S 499 600 I8 S 15 L 5 0
PriD]. dbgt b st sk, 2018,

[4] 304l 3848 XA BR. 3 23000 B0 B8 AR 302 00 55 U5 85 e
FLC. A= [E 4R TR IR L. 2012247,

[5] ALDAJAH S. Effect of laser glazing process on rail con-

tact fatigue life[ J]. Emirates Journal for Engineering Re-

— 587 —



search. 2009,14(1) :1-8.

[6] REIFF R. In-track demonstration of laser-treated rail to
reduce friction and wear [ R]. U. S. Department of
Transportation,2007.

L7] T3, 0 & 4, 5048, . BOG W O E B PUBE RS
Btk ae g m L1 ] MR RL 2 5 1.2, 2012, 20(6) .
69-72.

(8] =Bk B, 3 g, X B T, A5 I3t A AR 5 1k Ak 3T 58 B
OB M e 5 [T ], bR #R Ak B A4 4, 2014, 35 (5) .
165-170.

L9 Ak, 1 240, BEROME, &5 . 8 %L 2 1T 58 4 06 VA ok T
SRR T EERE [T, P E P T . 2019,30(3)
6-12.

— 588 —

[10] DONZELLA G,FACCOLI M, GHIDINI A.,et al. The
competitive role of wear and RCF in a rail steel[ J]. En-
gineering Fracture Mechanics,2005,72(2) ;:287-308.

[11] MA L.HE C G,ZHAO X J,et al. Study on wear and
rolling contact fatigue behaviors of wheel/rail materials
under different slip ratio conditions [ J]. Wear, 2016
(366) :13-26.

[12] G4 AT %2 - 75 F . 55, UT1Mn 5990 B 1h7 %) 2 45
BB BT ] b E BRI R 2, 2013,34(2) 1 196,

L1837 & DAL X EIAL £ 58 5. K5 & 3R T 3 HIUE 3 Al R
B Ak 2 B 1 A AL i T[T, TR AL 5 52 4, 2007, 29
(4):398-401.



