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Effect of Rolling in Low Temperature Austenite Region on Strength, Duc-

tility and Toughness of Rail Steels

Synopsis :

Tsunemi WADA and Kozo FUKUDA

For the purpose of improving the ductility and toughness of pearlitic eutectoid steel, such as rail steel,

controlled-rolling was carried out.

austenite ( 7 ) region.

mechanical properties were investigated.
The results are summarized as follows:

In this paper, controlled-rolling means the rolling in low temperature
The effects of rolling conditions and alloy additions on the microstructure and

(1) 7 grains of the eutectoid steels controlled-rolled are refined or elongated, consequently, pearlite

colonys become refined. .

(2) Also in eutectoid steel, the addition of Nb and V has a retardation effect on recrystallization. Cr

addition also has the effect a little.

Si addition does not show any such effects.

(3) The nucleation rate of ¥ — pearlite transformation in the unrecrystallized 7 grain boundaries is

higher than that in the recrystallized ones.

(4) As for eutectoid steel, in general, the ductility and the toughness increase accompanying with de-

crease in yield strength accordingly as the controlled-rolling intensifies more.

Only the steel to which Nb

~ was added shows an improvement in ductility and toughness without a decrease in strength.
(5) Si addition improves the fracture toughness markedly.
(6) The combination of the complex addition of Nb, Si and the intensified controlled-rolling is effective
for the improvement of ductility and toughness of rail steels.
Key words: rail steel; high carbon steel; controlled-rolling; micro-alloying; phase transformation;

recrystallization ; strength ; ductility ; toughness.
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Table 1. Chemical compositions of specimens (wt%).
c Si Mn P Cr v Nb sol. Al T.N
BA 0.779 tr. 1.00 0.005 0. tr. tr. tr. 0.020 0.0020
Nb 0.811 tr. 1.00 5 4 tr. tr. 0.018 27 17
A% 0.810 tr. 1.00 5 4 tr. 0.10 tr. 31 21
Cr 0.788 tr. 0.98 5 4 0.92 r. tr. 29 22
Cr+Nb 0.781 tr. 1.01 5 4 0.97 tr. 0.021 27 13
Si 0.772 0.98 1.03 2 3 tr. tr. tr., 29 31
5i-+Nb 0.789 1.00 1.05 2 3 tr. . 0.021 28 36
Table 2. Pass schedules of S1~S6 rollings.
220F o0 BA Nb
Pass |[RE—=9 | 10 | 11 | 12 |13 | 14 200 A Nb experiment /x\\ Hp
R%!L#)cm 140)— 50| 39 | 29 | 23 | 19 | 15 _ I80F x BA ----- calculation x/ o % ’,2‘,
Reduction| . 10/pass | 22 | 26 | 20 | 17 | 2l § 'eor S5 Rolling 0/49‘%:{{/
Temp°)] 1280 —1060) 1040 | 1020 | 1000 | 980 | 960 = 140 7 °©
s 2|izso—1060| 990| 970{ 950 | 930 | 910 3 120 s
8 00|
s 3|i280—-1060| 940| 920 | 900 | 880 | 860 /O\\é\
2 sol- y o
S 4[1280—1060| 890 | 870 | 850 | 830 | 810 S eol X /,é. S| Rolling
. X O \0;0\\
s 5(1280—~1060| 840| 820 | 800 | 780 | 760 a0l =B ~0 “
s 611280 ~1060| 790| 770| 750 | 730| 710 20k ‘ elay
-~ X%R.F ; Reheatin j
. <R. g furnace | I TN NN WU NN A NN N S SO (N R B |
20°Cpitch  Delay ’ | 2 34 56 78 91011 1213 14
Pass No
3) 1), 2) T HEEETROPE Fig. 1. Variation of rolling load under S1 and S5
condition.
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Rolling direction

Photo. 1. Effect of rolling conditiop on microstructure of Cr steel (Longitudinal section, 1/4 w, 1/2 i).
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Fig. 2. Relationship between finishing rolling
temperature and y— P transformation temperature..
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Photo. 2. Effect of alloy additions on microstructure of specimens rolled
under S4 condition (Longitudinal section, 1/4 w, 1/2 3).
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Fig. 3. Effect of finishing rolling temperature
(F.R.T.) on 0.2% proof stress (Y.S.) and reduction
of area (R.A.).
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Fig. 4. Effect of F.R.T. on ,E, and Ky.
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