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Investigation on Impact Wear and Damage Properties of Rail
Welded Joints after Two Types of Heat-Treatments

XIANG Pengcheng, JIANG Wenjuan, DING Haohao*, WANG Wenjian, GUO Jun, LIU Qiyue

(Tribology Research Institute, State Key Laboratory of Traction Power, Southwest Jiaotong University,
Sichuan Chengdu 610031, China)
Abstract: The hardness and microstructures of hypereutectoid rail welded joints after quenching and normalizing were
studied. Impact tests were carried out on different rail joint zones using an impact wear tester and the impact wear and
damage characteristics of each zone were analyzed. The results showed that rail joints could be divided into base
material zone, weld joint zone and heat affected zone. The microstructure of base material zone was lamellar pearlite.
The microstructure of the weld joint zone was composed of pearlite and proeutectoid ferrite, while the content of ferrite
in normalized joint was larger than that in quenched joint; the microstructure of heat affected zone after quenching was
granular pearlite, while there were a few lamellar pearlites in heat affected zone after normalizing. The rank of different
zones depending on the hardness from the highest to the lowest was: base material > weld joint after quenching > weld
joint after normalizing > heat affected zone after normalizing > heat affected zone quenching. The lower the hardness,
the greater the impact depth and wear volume. The impact damage of the base material was slight, and the surface was
slightly peeled. The weld joint was damaged severely with obvious cracks, and the damage of normalized weld joint was
severer than that of quenched weld joint. The damage of the heat affected zone was the severest and the damage of

normalized heat affected zone was slightly less severe than that of quenched heat affected zone.
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Received 6 July 2020, revised 10 September 2020, accepted 27 September 2020, available online 28 May 2021.

*Corresponding author. E-mail: haohao.ding@swjtu.edu.cn, Tel: +86-28-87634304.

The project was supported by the National Natural Science Foundation of China (51975489), Sichuan Science and Technology
Program (2019YFG0289) and Fundamental Research Funds for the Central Universities (2682020CX29).

X B AR B EE G I H (51975489), WU I A g BF K I H (2019YFGO289)A1 H 4 iy 15 & A% Bh WF ol 5% 9% & T Bt &
(2682020CX29) %t .


http://dx.doi.org/10.16078/j.tribology.2020142
http://dx.doi.org/10.16078/j.tribology.2020142

3

AR, S5 P Ak A AL BRAN PR e 1 Sk bl BE 451 S5 3 O E RE I 7T 383

BRI A LA PR REFE(R. Ig B K. R otk s
R R E e 7 5 R E R AR R
b dE o A E . B TR E kK AL A
TERHERE, Bk ERIE 4 O TE D) T W R R B Bk
20194F ), B H ml gk e B OR35S A, 4
7 T S R 70%. S AN 1) B T ORR
B P 57, S AN 3 BB 2 L R
R AU R o b A0 I DR L e i R R e i
PR, TS P AR AR R Y, R E
BN T IR BT IR N AR, B TR S 0 LT
ARHEI A DA R AR AN 201, SRR AR B, R
W A G I AR, PR ARSI R, (65 4
P RR R b AR S, A s R A S
FPIE P, DR L 7 T TR e R AR B S MR AT I AR Ak
B, SR AR Sk M ) 2 5 R R A MR B, SRR AR BUIR
OEA

S PR IR AL R AN USRSk 2 ) T+ B A,
FLFE I BY DR b o S S R 3R [ P9 AT TN
SHRPUEE ARG T — KA. 2544025l
DA MRS 7R I IR e Sk BB RN G 8
SR B 3 A B VAR 5%, A5 Sk (1 4 X ARG i) X 1)
AL X oA A7 B R FEBE ™ 5. Godefroid &t
PR B R T AT LB AT T AT, RN
BB IO 97 O WIS GE AL AT I Y R, EE S
b 2. RS I AT T U7 IMnk AR S0 48 K B
TE 7R B8 fu i 2 v ) BE B AR 47 R, 5 AR IR GE XA
b, BRBUIRSE X 25 5 P B 40 . Wi R R T
U7 IMn BB B Sk (VR B S e 48547, 04 7
U71Mn - H R VERE 1) 22 e 0 BB f PR RE (Mg, T3 %
2B Fe AN R A BRI ) U 75 VAR BUIR B2 38 Sk
WA AT A, WA BRI N 1F K i 1 TR e HE A
SLp T RE 1 ORIE B B . 2 IR AT T DGR AT
BRRAHR A A B T2 S TN Sk v o S i
TF 90342 W TR DI AR AR 4 S [ o o 2 e A R R
5P 3k . Ninshu 5" 588 508 177 BCRR 36 T A 1 0 2
S B AR L ST EAT IR T, 45 SRR PR N e AR e B e S v
A7 15 1 15 10 5k A L 77, 4 o 3l 4 4 4 Sk I B 4
Desimones "3 i 17 B S i3 20 H 1 AR 48 0

W57 BB EAT N, 87 1 LABY V) 108 T 2R A [
QU R, THZE" IR T — Mo R AL RN AR B
PSR 55 K Vs R I K AR PR S B PD3EM ALt AT 158
FEK, WLEAR R T IR

AN TR ) A5 77 R H AL B T 25 0 4 3 AN AR
AR IO 23 [ S 22 PR RE A 22 7, 2t T 6 NP7
iy SR PERE P RS . AR SR B et 1 3t
BTN D' AR AR e Sl e A ORI I K P ) 0 A Ak
B IO, S8 5 A e ol 18 AL X 7 A 4 AR
PR SR AN ) XCIOT e b o 156, 385 20 W o o R
BE SRR OWL L ZA MR A0 55, 457 T T R AR LR 12
P S ity BE A S BRI AT TS SR T e g e A
B MR RE SR P B AR IR 5 RS,

1 #MREFGE

1.1 #H

vk a0 B FH RE SR T ORI IE 2K AR I 3 A W
BN IR AR B 3k (5 ST ARV KO B B S R O KJE
ek, ok JEHTAR Ak 25 R o R 2R A TR 1
PR B Sk I B T2 A, AR S 3 T 24
[F). F AR ST HR 38 I AR A e e S el P A A SR i AN L
PR AN ] X3, TEAN R REHEL R T S mmik
Oy EBALBUR ~F K/ 10 mmx10 mmx 100 mmff) K 2%
U (Bar sample), W1E] 1R, FF 4 BB B2 AL (MVK-
H21, HAR) S G aURE AT B R 0 5, Dy 4 0 13
72, BRI IR

12 A9 78 ORI IE KR e S il Y A R 1) (12
i, v DUE R4 Sk W] 23 N 1R 4% X (Weld joint,
WI). #45 Mi [X (Heat affected zone, HAZ)AI &} #1 [X
(Base material, BM), A5 4% [X 1% £ A5 4% oo B gk
A7 1P iR, AR M X B A P R KA B AT R
REFF X A B 29 N 415HV ) B KRSk IR 42 X
(Quenching-WIi# & {5 £ 4 390HV s« #4 52 M [X
(Quenching-HAZ)ME FEE 212900V 5, 1F KAFHHZ kK
4% [X (Normalizing-WI) i &£ £ 9350HV 5+ #2100 [X
(Normalizing-HAZ)H# J& 2] 305HV 5, (5 He 4z kAN H
DX 3o 158 . v ARG 7 20 A DX > K 5 Sk S 4% X > 1
K S AR DX > TF KBz Sk FAFE ) DX >80 KBz Sk FA G )

x=1 FHTNAUERST S NFMEEE

Table 1 Chemical compositions and mechanical properties of hypereutectoid rail

Chemical compositions

Mechanical properties

w(C)/% w(Si)/% w(Mn)/% Ww(P)/%

w(Cr)/%

Tensile strength,o, /MPa Elongation,d/% Hardness,HV/ 5

0.91~0.95 0.47~0.51 0.94~0.99 <0.02 <0.7

=1300 =8 390~440
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Fig. 1 Sampling schematic diagram
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Fig. 2 Hardness of quenched and normalized rail joint
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Fig. 3 OM and SEM micrographs of microstructures in different zones of quenching rail joint
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Fig. 4 OM and SEM micrographs of microstructures in different zones of normalizing rail joint
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Fig. 5 Schematic diagram of impact wear testing machine
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Fig. 7 Impact profiles of different zones of quenched and normalized rail joints
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Fig. 11 SEM micrographs of damages in different zones of quenched rail joint
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Fig. 12 SEM micrographs of damages in different zones of normalized rail joint
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