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Abstract

A pilot production is made to the high carbon Cr-Ti alloy rail steels with slight quantity of Cr&
Ti added to the eutectoid carbon steel. As a part of weldability of these alloy steels, SH-CCT
diagram for welding is first applied to the high carbon Cr-Ti alloy rail steel with 0.1wt% Ti. The
microstructure, which will be appeared at the HAZ of Enclosed-arc welding of this alloy rail steel,
is a single phase of pearlite. As a result of this, it shows that the welding condition of Enclosed-arc
welding applied to this alloy rail steel is a good condition.
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Fig. 1 Schematic diagram of heat treatment of high

carbon Cr-Ti alloy rail steel(H: heating,
R. C.: rapid cooling, F.C.: furnace cooling)

Table 1 Chemical compositions of high carbon Cr-
Ti alloy steels(wt%)

High C-Cr

-Tialloy | C Si |Mn]| P S | Cr | Ti
steel
A 0.75 1 0.34 | 1.20 |0.018}0.013| 0.78 | 0.05
B 0.76 10.29 | 1.34 {0.005(0.009| 0.75 | 0.10
C 0.74 | 0.29 | 1.32 [0.00210.009] 0.77 | 0.16
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Fig. 2 Schematic diagram of specimen for SH-CCT
diagram

Table 2 Cooling rate of various specimen
for SH-CCT diagram

Number 112345161718
Cooling rate | 51500| 80 | 70 | 50 | 40 | 30 | 10
('C /min.)

Table 3 The relation between cooling time and heat

input
Cooling time (sec) Heat input
Number (800°C -500C) (k] /cm)
1 45 142914
2 90 223.387
3 225 416.649
4 257 455.887
5 360 573.779
6 450 666.639
7 600 806.130
8 1800 1672.784
High
C-Cr-Ti 577.5
H:GOXV& H : Heat input(J/cm)

E : Volts
1 . Amperes
V . cm/min.
_ 1.35x H's
~ B(600-T)%{1+ (2/x)arctan[t-14,6) /6]}
S : Cooling time of 800°C-500C
B : Constant (here : 1)
T : Preheating temperature(C)
t : Plate thickness{mm)

S
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Fig. 3 SH-CCT diagram for welding of high carbon
Cr-Ti alloy steel

Heat input Preheating Current Voltage Welding speed| Postheating Wire dia.
(kJ/cm) () (A) (V) (cm/min.) () (mm)
577.5 400 220 35 0.8 600 5.0

electrode LB-80E (C=0.06, Mn=1.47, Si=0.46, P=0.008, S=0.007, Ni=1.78, Cr=0.53, Mn=0.36wt%)
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Fig. 4 Experimental apparatus of enclosed-arc
welding

Table 5 Mechanical properties of high carbon Cr-Ti alloy steels and commercial rail steel

Specimens Y.S. T.S. Hs Elong, R A,
P (kg/mm?) (kg/mm?) (3000kg) (%) (%)
High C-Cr-Ti

alloy steel(A) 84.3 129.0 361 7.23 10,2
High C-Cr-Ti

alloy steel (B) 90.8 129.4 361 7.31 10,3
High C-Cr-Ti

alloy steel(C) 93.9 132.6 370 7.47 10,5

Commercial rail steel 58.5 89.1 255

KERESEIE, B84 1%, 1990438
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Fig. 5 SEM micrographs of various specimen for SH-CCT diagram
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Fig. 6 SEM micrographs of various specimen for SH-CCT diagram
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Fig. 8 Optical micrographs of enclosed- arc welded joint in high C-Cr-Ti alloy steel
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Fig. 9 Transmission electron micrographs of enclosed-arc welded
joint in high C-Cr-Ti alloy steel
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