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Abstract The railroad switch is an important part of turnouts. The surface of the switch rail could be easily worn
and peeled because of its poor working condition. Laser cladding technology can significantly improve the surface
hardness of the railroad switch, and the wear and surface damage resistance as well as service life are accordingly
improved. A Fe-W-Cr composite coating was successfully prepared on the surface of U71Mn railroad switch using
high-power semiconductor laser cladding technology. The microstructures, phase formation and elemental
distribution of the coating were tested, and the hardness, impact toughness, and friction and wear properties of the
coating were analyzed. Results show that there is no pore, crack or other defect in the coatings, and the
metallurgical bonding between the coatings and the substrates are effectively established. The dendrite structures
exist in most of the region on the coating, and networks of carbides are distributed around the grain boundaries. The
average hardness of the coatings is 876. 8 HV (the hardness of railroad switch rail is 252.3 HV), the impact
toughness is 2.30 J/cm?, and the friction coefficient is 0.31(the friction coefficient of railroad switch rail is 0.63).
Under the same friction and wear condition, the wear loss of the coating is 0.0043 g, which is only 10.54% of the
substrate (the wear loss of substrate is 0.0408 g). The hardness and wear resistance of the railroad switch are
significantly enhanced using laser cladding, effectively improving its service life.
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Table 1 Chemical composition of U71Mn switch

Element C Si

Mn P S

Mass fraction /% 0.65-0.76

0.15-0.35

1.10-1.40 <<0.03 <<0.03

2 PIRP BRI R A LR R

Table 2 Chemical composition of two kinds of Fe-based powders

Mass fraction /%

Powder - -
C Si Cr Mn Mo Vv w Nb B Fe
M1 0.8 1.2 4.0 — 0.5 9.5 2.0 0.4 Bal.
M2 1.0 0.3 4.0 5.0 2.0 6.0 — — Bal.
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Fig. 3 Morphology of interface between cladding coatings and substrate. (a) Interface between M1 cladding coating and

substrate; (b) magnification of Fig.3(a); (c) interface between M2 cladding coating and substrate; (d) magnification of Fig.3(c)
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Fig. 4 Microstructures in the middle of cladding coatings. (a) M1 cladding coating; (b) magnification of Fig.4(a);

(¢) M2 cladding coating; (d) magnification of Fig.4(c)
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Fig. 7 Chemical elements distribution of M2 cladding coating. (a) Line scanning diagram; (b) element distribution
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Table 3 EDS analysis of cladding coatings

Mass fraction /%

Point in Fig.8

C w Nb \% Cr Mn Mo Fe
1 1.11 11.58 0 1.24 3.15 — — 81.29
2 1.62 12.08 0 1.02 3.06 — — 80.87
3 6.08 35.23 11.59 19.43 3.55 - - 23.36
4 3.04 54.37 0.32 4.91 5.24 - — 31.44
5 3.52 57.78 0.24 5.34 5.17 — — 27.13
6 6.96 21.79 42.72 9.57 2.14 — — 10.5
7 5.49 5.39 - 1.36 3.47 0.28 3.17 80.85
8 5.23 4.35 — 1.35 3.76 0.44 3.18 81.68
9 9.37 13.96 - 3.08 6.99 0.53 14.60 51.47
10 9.98 16.60 - 4.46 6.79 — 15.28 46.90
11 7.24 12.99 - 3.42 6.24 - 11.14 58.96
12 13.69 15.59 - 11.75 4.14 0.36 11.25 43.21
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Fig. 8 SEM images in the middle of cladding coatings. (a) M1 cladding coating; (b) magnification of

rectangle area in Fig.8(a); (¢) M2 cladding coating; (d) magnification of rectangle area in Fig.8(c)
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Fig. 13 SEM images of impact fracture of cladding coatings. (a) Radial region of impact fracture of M1 cladding coating;

(b) magnification of rectangle are in Fig. 13 (a); (c) radial region of impact fracture of M2 cladding coating;

(d) magnification area of rectangle are in Fig.13(c¢)
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