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Microstructural and Performance Analysis of Laser-Cladded Coatings

for Localized Damage Repair on Train Wheel Treads
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Abstract: Three alloy powders—Fe-based, Co-based, and 316L stainless steel—were selected as repair materials,
and laser cladding technology was employed to achieve a cost-effective repair of localized damage on train wheel
flanges. Localized repair was performed on the wheel tread, followed by rolling—sliding friction tests conducted
using an LGPS-30C wheel-rail contact simulation test rig. The wear resistance and rolling contact fatigue (RCF)
performance of the three coatings were systematically investigated. In addition, the wear morphologies of the
coatings were characterized using scanning electron microscopy (SEM) and optical microscopy (OM). The laser-
clad coatings were mainly composed of dendritic structures and eutectic phases, and their hardness was significantly
enhanced compared with that of the substrate. Macroscopic and microscopic analyses of the wear morphologies
revealed distinct performance differences among the three coatings. The Co-based alloy coating exhibited a
relatively smooth wear surface without observable crack initiation, demonstrating the best wear resistance. In
contrast, the 316L stainless steel alloy coating showed pronounced spalling and severe wear damage. Although the
Fe-based alloy coating exhibited a comparatively smooth worn surface, deep cracks and crack propagation were
observed at the coating—substrate interface, indicating a potential risk of coating fracture and delamination. Overall,
after localized laser cladding repair on wheel specimens and subsequent rolling—sliding friction tests, the Co-based
alloy coating demonstrated superior comprehensive performance among the three coatings.

Keywords: Laser additive manufacturing; Railway wheel; alloy powder; localized wheel damage; rolling-sliding
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Fig.1 Schematic diagram of a wheel-rail specimen
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Fig.2 SEM photograph of the alloy powder
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Table.1 Chemical composition of ER9 wheel steel

Element C Si Mn P S Cr Mo

wt.% 0.60 0.40 0.80 0.02 0.015 0.30 0.08
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Table.2 Chemical composition of three alloy powders

wt.%
Element C Si Cr Mn w Ni Mo Fe Co
Fe-based 0.90 1.50 17.00 - - 10.50 - Bal.
Co-based 1.00 1.10 27,00 - 4.4 0.8 - 0.9 Bal.
316L-based 0.08 1.00 17.00 2.00 - 12.00 2.50 Bal.
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Fig.3 OM image of the coating-substrate bonding region of the wheel specimen
EDSIH 7341 45 it — D4R T IRIE/F RS & A B E KT RY 8T N, B4R, =MEE&iRZERCr
BN AL T R S B X, R & S IcRAEE I SRR 2 0 R A T 780 R & S AE R .



BRI I CoU R MRS FH BT R RARRE R T AR X, 7e i RWIR R B3R MBI K T BT ER By K
A5 B AR N RFE R G 456 4

B4 FRHRHERAE-BREAXEHTRENST. () HKEAERE, (b) BEEERE, (© 3LTFERETRE
Fig.4 Elemental distribution in the coating-substrate bonding region of the wheel specimen. (a) Fe-based alloy coatings, (b) Co-based

alloy coatings, (c) 316L Stainless steel alloy coatings

53R T =G iR E R SEM G A EDS 70 s B o U 2 1 S M2 230 S B AN L S AH 2 R
X ST T O AR BEAR R T T 1l R s v 38 4 R AU B B 5 T 3. ARSI R T, & Sk R I AR IR AL
BEABOCR R T, AR S Il A F R, TR R A . B, TR G SRR R 8 A X
b R AT AR, TR E AR EDS 0 i 1 R0 2 GEERARD RIRD 3. 4 (R IXD AT
TIERR. BREAEBRENEMALhEE KE Fe LK, FRESA Crotk, UKADE C. Ni il Si st
R XEZEHRETHESEPRAE Cr kb, HRERTE TIRERMERE . HiZk&E&iRZE 0 EDS 704 R
®W), HEEM Co. Cr. Fe M CIGHRAM, Hr Co JCRAEBTH XA B, 1 Cr juz AR &
XN E S, KW Co JLRIEIRZE LS A5, M Cr Juz B n) T 7845 XY s dn i . % 3161
AFNEGEIRZ, HEDS Mg LR, SHRESESIREMEIL, 3161 REB X Fe oz 71 5N
5J, 1 Cr yua AR & XK & 4k .



EDS results of the 316L stainless steel alloy coating
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Fig.5 EDS results of the three alloy coatings. (a) EDS results of point 1, (b) EDS results of point 2, (¢) EDS
results of point 3, (d) EDS results of point 4.
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Fig.6 XRD analysis results of three coatings Fig.7 Hardness of the three alloy coatings
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Fig.10 Wear morphology and elemental distribution of three coatings, (a) Fe-based alloy coating, (b) Co-based alloy coating, (c)

316L stainless steel alloy coating.
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Table.3 EDS analysis results in Fig. 10

wt.%
Content C o Si P Cr Fe Co Ni Mo
(a) 7.01 7.21 0.77 0.81 11.93 69.31 1.30 0.96 0.70
(b) 20.30 23.24 0.65 3.40 4.27 40.77 6.10 0.45 0.81
(c) 10.79 11.07 0.39 1.98 7.08 61.12 1.76 4.70 1.11
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Fig.11 Macroscopic surface morphology of coatings after rolling. (a) Fe-based alloy coating, (b) Co-based alloy coating, (c) 316L

stainless steel alloy coating
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Fig.12 SEM photograph of the surface damage morphology of the specimens. (a) Fe-based alloy coating, (b) Co-based alloy coating,
(c) 316L stainless steel alloy coating
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Fig.13 SEM photograph of the cross-sectional morphology of the localized repair coatings on the wheel specimens. (a) Fe-based
alloy coating, (b) Co-based alloy coating, (c) 316L stainless steel alloy coating
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Fig.14 OM photograph of the coating boundary. (a) Fe-based alloy coating, (b) Co-based alloy coating, (c) 316L stainless steel alloy

coating
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Fig.15 Schematic diagram of coating wear
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