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Development of SP3 Rail with High Wear Resistance and
Rolling Contact Fatigue Resistance for Heavy Haul Railways
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Abstract:

JFE Steel has developed high performance pearlitic steel rail (SP3) with excellent wear resistance and rolling
contact fatigue (RCF) resistance for heavy haul railways. To obtain excellent wear and RCF resistances, SP3 rail was
manufactured by the suitable alloy design and optimum production conditions including the thermo-mechanical
controlled process (TMCP). The lamellar spacing of SP3 was extremely fine of 0.07 #m near the rail surface, with the
surface hardness of 420 in Brinel scale (HB420) or higher. In addition, SP3 showed high hardness over HB370 even
at 1-inch depth (25.4 mm-depth) from the rail head surface. The excellent wear and RCF resistances of SP3 have been
demonstrated by the actual performance tests at heavy haul railway in North America. At approximate 100 mgt from
the installation, SP3 showed 10% better wear resistance comparing with the conventional HB390 grade heat treatment

rail at the test, without showing any fatigue damage on the rail head surface, such as flaking and shelling.
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Fig.1 Relationships between hardness and wear resistance
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Photo1 Cross sectional microstructures near wear surface
after the wear tests (Hardness (HB) of sample:
(a) HB275 and (b) HB337)
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Fig. 2 Schematic illustration showing maximum super cooling
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Photo 2 Pearlite lamellar structures of (a) Conventional heat
treatment rail and (b) Developed rail
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Table1  Typical chemical composition of developed SP3 rail
(mass%)
C Si Mn P S Others

SP3 0.81 0.55 0.55 0.014  0.005 Cr, V
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Photo 3 Microstructures of SP3 rail; (a) surface and (b) 1.0”
(25.4 mm) from surface
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Photo 4 Pearlite lamellar structures of surface and 1.0”
(25.4 mm) from surface ((a), (b): SP3 rail, and
(c), (d): Conventional heat treatment rail)
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Table 2 Metallurgical cleanless test results of SP3 rail

(According to ASTM E45-Method A)

Type A Type B Type C Type D
Thin Heavy Thin Heavy Thin Heavy Thin Heavy
Developed SP3 rail 0.5 0.5 0 0 0.5 0 0.5 0
Conventional heat
treatment rail 1.0 0.5 1.0 1.0 0.5 0 0.5 0
Average <2 Average <2 Average <2 Average <2
AREMA Spec. Individual < 3 Individual < 3 Individual < 3 Individual < 3

A: MnS B: Chain of Al,O; and/or TiN C: SiO,

D: Grain of Al,O5 and/or TiN

* AREMA : K [E o $38 BI5# o) 1522, American Railway Engineering and
Maintenance-of-Way Association D%
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Fig.4 Hardness distributions of SP3 rail in rail head comparing
with conventional heat treatment rail
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Table 3 Typical tensile properties of SP3 rail

02%YS TS El RA
(MPa)  (MPa) (%) (%)
Developed SP3 rail 967 1409 14 37

YS: Yield strength
El: Elongation

TS: Tensile strength
RA: Reduction of area
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Fig.5 Wear resistance of SP3 rail comparing with conventional
heat treatment rail
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Fig. 6 Rolling contact fatigue test results of SP3 rail comparing
with conventional heat treatment rail
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Fig. 7 Hardness distributions of flush butt weld joints in SP3
rail and conventional heat treatment rail
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Table 4 Slow bend test results of weld portion for developed
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SP3 rail
. Modulus of rupture Deflection
Flush butt weld joint (x10° Ibs/in? ) (inch)
1.97 1.2
(1.39%10%g/cm?) (3.0 cm)
Developed SP3 207 17
(1.46x10%kg/cm?) (4.3 cm)
Min.1.25 Min. 0.75
AREMA spec. (8.8x10°kg/em?) (1.9 cm)
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Fig. 8 Comparison of wear resistance in actual track in service,
between the conventional heat treatment rail and SP3
rail, taking 100 for wear loss in the conventional rail
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