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A Basic Research for the Weldability of the High Carbon Cr-Ti Alloy Rail Steel
-The Relation between SH-CCT Diagram for Welding
and Enclosed-Arc Welding Condition-
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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-500°C) (kJ/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.
_ 135X H'
T B(600-T)2{1+ (2/=)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

Table 4 Welding condition for enclosed-arc welding
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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,
> (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

ARBHBED, $8% 1%, 1990F3H8



58 Z A5 A

gue oz tEAe 27]% WA pgodt ¢ER

Ariz o #4¢ 988 BT £ glol, SEME A

delg o sel AWEE BHT el Figselch Figs
)

T gl = AHul & SEMARR e 24 st 2 &AL o

ol % et 3yl Sjsted 7 AlgAe vlaAE % olgdol, 7 A|YA ctholo}ZrgtEztel o
Wslol] w2 qtEate] 2] 9 7 WAL sl u Taze wstag zAwsE o 4+ Ui Fig
£ Algde vldz24g SEMoz st} Fig, 62 oj52 gz AAT SEMAZeRA 1

o
rE
w
9
>,
ad
)
rio
fa
oo
¢

o

59} Fig, 6o z+zH vieblolet, A Fade] A

e kel bz dlabol

0 1O5ary
Hm (4) 70°C/min. m

(1) 400°C/mmn.

— = — : : —
10um 10um 10um 10um
(5) 50°C/min. (6) 40°C/min. (7} 30°C/min. (8) 10°C/min.

Fig. 5 SEM micrographs of various specimen for SH-CCT diagram

(1) 400°C/min

aaar

(5) 509C/min. (6) 40°C/min. (7) 30°C/min.

Fig. 6 SEM micrographs of various specimen for SH-CCT diagram
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Fig. 7 Optical and SEM micrographs of commercial
rail steel(a) and high C-Cr-Ti alloy steel(b)
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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

o}, ol ¥ A EAL oA 7] Tiol A
oz Aag £ o & Tiv #93 =3E
A L2 A ol ZAH =lAlstn gL Tigk

2GS AAAA HelAd &
713, =3 AlL5E 5 A5AAeR Qi Het
ole utulzlzbA el wlASe 3L F& AU
(A)F F719AA vepd Axe Azdd,

#3 enclosed-arc& 3 A7) Alg7del 449
FeA1e Fig 824, ola Fela ezt
4 dned 4

[+

2A54¢ dass 7
SR TN ET Y bondT, TEEELER
FHe sbsaish ol 24¢ vk AH9 B
of #%& el Fig.99) TEMAHalolh, Fig, 9ol
% 4 ot ulsige] Aa7d $HIEYE Y
wlolifol 2z o] o3, bondiel 4 A2 ¥-H
st %a%%%s-. garslo] whagkol Hoil

rel2 ot 422 2 Yot

DeACr-Tigt2 4 s A Ao 44487l B
27 724 Aape $4ESH-CCT=&

AAetAch, o $34SH-CCT=olA 577.5k]/
cm® £33 93 enclosed-arciH ol 2444
Roll A Vel 24 maje zAz e He
AT, o] v|Fo A&7}
AL }5d Aoz Azw

JEzAYE ¥

o 489 §HA32
o,

i

kR

Hl]

1) E.F. Nippes and W.F. Savage : Development
of specimen simulating weld heat-affected
zones, Welding Research Supplement. Nov.
(1949), p. 534-s

2) M. Inagaki and T. Kasugai : #&A#HSH-CCT
Blizsiis 774 Fotithicowd, ] Jap.
Weld. Soc., Vol 39, No. 3, (1970), p. 175

3) M. Inagaki and T. Kasugi : SRt BHR B BRAK
WO EE B LITTRILEOHE(EL
#), ibid., Vol 43, No, 10, (1974), p.1004

4) M. inagaki and T. Kasugai : $§t1EBEHER
MU OB RE) I BT TR TROBE (B3
#),ibid., Vol 44, No, 3, (1975), p.220

5) M. Inagaki and T. Kasugai : it S8 Bli5E#
MEHOBRER L JITTRITEOEE

Journal of KWS, Vol. 8 No. 1, Mar., 1990



TEbAA Cr-Ti 327 Aldale) 4ol B8 7]z 7 61

(84%h),
323

6) M. Inagaki and T. Kasugai : $8H 5318
HEIMOBERH L LI THESTEOBE
(3581, ibid., Vol 44, No, 8, (1975), p.
687

7) M. Nakata, Y. Tamura, H. Nomura, M.
Ueda, Y. Watanabe and S. Mori : Welding of
railroad rails, Nippon Kokan Tech. Report
Overseas No0.32,(1981), p. 34

8) J.T. Song and C.S. Park : BRERSLH
Railtfe] FAsgol 3 ZEmHE,
Inst. Metals, Vol 21,(1983), p. 995

9) K.M. Kang, S.S. Ko and J.T. Song : &L
Cr-Tig&s N4l mEkue =g #
%, ibid,, Vol 26, (1988), p.1164

10) Y.J. Park: Development of slack-quenched

ibid,, Vol 44, No.4, (1975), p.

J. Korean

chromium-molybdenum high strength rails,

KEZSEE 84 1%, 1990438

Climax Report L-311-20, June, (1980)

11) F.B. Fletcher : Development of high strength
chromiun - molybdenum rail steel with

improved weldability, ibid., L-311-16, March,
(1978)

12) $hREH, HEHFE H  BABSEHEASR
Vol.1, E#HHEMK, (1980), p.61

13) AW.S. : Welding Handbook 7th Vol5, C.
Weisman(Ed.,), 1976

14) Technical Commission on Welding Process,
The Jap. Weld. Soc. : Narrow Gap Welding
(NGW), (1984), p.193

15) R.R. Reed - Hill : Physical Metallurgy
Principles, 2nd Ed., D.Van Nostrand Co., N.Y,
(1973), p.689

16) G. Krauss: Principles of Heat Treatment of
Steel, ASM Metals Park, Ohio,(1972), p.916



