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(57) ABSTRACT 
This invention is directed to improve a Wear resistance and a 
damage resistance required for a rail of a sharply curved Zone 
of a heavy load railWay, comprising more than 0.85 to 1.20% 
of C, 0.10 to 1.00% of Si, 0.40 to 1.50% of Mn and if 
necessary, at least one member selected from the group con 
sisting of Cr, Mo, V, Nb, Co and B, and retaining high tem 
perature of hot rolling or a steel rail heated to a high tempera 
ture for the purpose of heat-treatment, the present invention 
provides a pearlitic steel rail having a good Wear resistance 
and a good damage resistance, and a method of producing the 
same, Wherein a head portion of the steel rail is acceleratedly 
cooled at a rate of 1° to 10° C./sec from an austenite Zone 
temperature to a cooling stop temperature of 700° to 500° C. 
so that the hardness of the head portion is at least Hv 320 
Within the range of a 20 m depth. 

12 Claims, 11 Drawing Sheets 
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PEARLITIC STEEL RAIL HAVING 
EXCELLENT WEAR RESISTANCE AND 
METHOD OF PRODUCING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

The present application is a continuation reissue applica 
tion of US. application Ser No. 11/561,654?led Nov. 20, 
2006, now RE4],O33 E, and US. application Ser No. 11/56], 
654 is a continuation reissue application ofU.S. application 
Ser. No. 10/974,048, filed Oct. 26, 2004, now RE40,263 E 
which is a reissue application of US. Pat. No. 5, 762, 723, 
which issued on Jun. 9, 1998 from application Ser No. 
08/676,159 ?led on Jul. 15, 1996 and which is a 37] of 
PCT/JP95/O2312. The entire disclosures of the above-de 
scribed continuation reissue applications, the reissue patents 
and the patent are incorporated herein by reference in their 
entirety. 

TECHNICAL FIELD 

This invention relates to a pearlitic steel rail which 
improves the wear resistance and breakage resistance that are 
required for rails at curved Zones of heavy load railways, and 
drastically improves the service life of the rails, and a method 
of producing such rails. 

BACKGROUND ART 

Attempts have been made to improve a train speed and 
loading as one of the means for accomplishing higher e?i 
ciency of railway transportation. Such an improvement in 
ef?ciency of railway transportation means severe use of the 
rails, and a further improvement in the rail materials has 
become necessary. More concretely, wear drastically 
increases in the rails laid down in a curved Zone of a heavy 
load railway and produces a problem from the aspect of 
longer service life of the rails. 

However, high strength (high hardness) rails using eutec 
toid carbon steels and exhibiting a ?ne pearlite structure have 
been developed due to the recent improvements in high 
strength rail heat-treatment technology as described below, 
and rail life in the curved Zones in the heavy load railway has 
been remarkably improved. 

(1) Heat-treated rails for ultra-heavy load having a sorbite 
structure of a ?ne pearlite structure at the head portion thereof 
(Japanese Examined Patent Publication (Kokoku) No. 
54-25490); 

(2) Production method for low alloy heat-treated rails 
which improves not only the wear resistance but also the drop 
of hardness at a weld portion by adding an alloy such as Cr, 
Nb, etc. (Japanese Examined Patent Publication (Kokoku) 
No. 59-19173); and 

(3) Production method for a high strength rail of at least 
130 kgf/mm2 produced by conducting accelerated cooling 
between 8500 C. to 5000 C. at a rate of 10 to 40 C./sec after 
rolling is completed or from a re-heated austenite Zone tem 
perature. 

The characterizing feature of these rails is that they are high 
strength (high hardness) rails exhibiting the ?ne pearlite 
structure of eutectoid carbon-containing steel, and the rails 
are directed to improve the wear resistance. 
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In recent heavy load railways, however, an improvement in 

an axial load of cargos (the increase of train loading) has been 
strongly promoted so as to further improve railway transpor 
tation e?iciency. In the case where the rails are sharply 
curved, the wear resistance cannot be secured even when the 
rails developed as described above are used, and the drop of 
rail life due to the wear has become a serious problem. With 
such a background, the development of rails having a higher 
wear resistance than that of the existing eutectoid carbon 
steels has been required. 
The contact state between the wheel and the rail is compli 

cated. Particularly, the contact state of the wheels is very 
different at the inner track rail compared to the outer track rail 
of the curved Zone. On the outer track rail of the sharply 
curved Zone of the heavy load railway, for example, the wheel 
?ange is strongly pushed to the gage corner portion by the 
centrifugal force and receives sliding contact. On the head top 
portion of the inner track rail of the curved Zone, on the other 
hand, the rail receives great slipping contact having large 
contact surface pressure from the wheel. As a result in the case 
of the high strength wear-resistant rails according to the prior 
art wherein the head surface hardness is uniform inside the 
cross-section of the rail head portion, wear is promoted far 
more at the gage corner portion which receives the sliding 
contact of the outer track rail than the head top portion which 
receives the slipping contact of the inner track rail. On the 
other hand, the progress of the wear is always slower at the 
head top portion of the inner track rail than at the gage corner 
portion, and the contact surface pressure from the wheel is 
always maximal. Therefore, fatigue damage builds up on the 
head top surface before it is worn out. 
The contact state with the wheels tends to the state 

described above in the high strength wear-resistant rails hav 
ing uniform wear characteristics at the rail head portion 
according to the prior art, particularly on the inner track rail of 
the curve Zone. Therefore, if ?tting of the rail to the wheel is 
not quick at the initial wear state immediately after the laying 
of the rail, a local and excessive contact surface pressure 
consecutively acts on the rail and surface damage due to 
fatigue is likely to occur. In addition, even after ?tting is 
established between the rail and the wheel, a large contact 
surface pressure always acts on the head top portion and 
consequently, surface damage similar to so-called “head 
check”, which generally occurs at the gage corner portion, 
develops with plastic deformation because the wear is less. 

To cope with this problem, there is a method which cuts off 
the surface layer of the rail head top portion before the rolling 
fatigue layer is built up. Because the cutting work requires a 
long time and is expensive, the following rail has been devel 
oped. 

(4) A high strength and damage-resistant rail exhibiting the 
?ne pearlite structure of eutectoid carbon-containing steel 
wherein a difference of hardness is provided so that the hard 
ness of the gage corner portion is higher than that of the top 
head portion in the sectional hardness distribution of the rail 
head portion, in order to secure the wear resistance equal to 
that of the conventional high strength wear-resistant rails 
having a uniform head surface hardness in the cross-section at 
the gage corner portion, and to reduce the maximum surface 
pressure (to increase the contact area) by reducing the hard 
ness at the head portion and to improve the surface damage 
resistance due to the wear promotion action (Japanese Unex 
amined Patent Publication (Kokai) No. 6-17193). 

However, higher axial load of cargos (increase of railway 
loading) has been vigorously promoted in recent years so as to 
attain higher e?iciency of railway transportation, and even 
when the rails developed as described above are used, sul? 
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cient Wear resistance cannot be secured at the gage corner 
portions of the outer track rail even though they can prevent 
the surface damage by the periodically grinding of the head 
top portion in the inner track rail at the sharply curved Zone, 
and the drop of rail life due to Wear has been a serious 
problem. 

DISCLOSURE OF THE INVENTION 

The pearlite structure of the eutectoid carbon component, 
that has been used in the past as the rail steel, has a lameller 
structure comprising a ferrite layer having a loW hardness and 
a tabular hard cementite layer. As a result of ob servation of the 
Wear mechanism of the pearlite structure, the inventors of the 
present invention have con?rmed that the soft ferrite structure 
is ?rst squeezed out due to repetitive passage of the Wheels, 
and only hard cementite is then built up immediately beloW 
the rolling surface, and Work hardening adds to the former, 
thereby securing Wear resistance. 

Therefore, the present inventors have found out through a 
series of experiments that the Wear resistance can be drasti 
cally improved by increasing the hardness of the pearlite 
structure to obtain a higher Wear resistance, increasing at the 
same time the carbon content so as to increase the ratio of the 
hard tabular cementite layer and thus increasing the cementite 
density immediately beloW the rolling surface. 

Further, the inventors of the present invention have paid 
speci?c attention to the increase in the carbon content Which 
directly affects the improvement of the Wear resistance, and 
have developed a heat-treatment method for stably obtaining 
a pearlite structure in the hypereutectoid steel. FIG. 1 is a 
diagram showing the results of comparison of the Wear resis 
tance betWeen the eutectoid steel and the hypereutectoid steel 
on an experimental basis. The present inventors have found 
out that the Wear resistance can be drastically improved in the 
hypereutectoid steel by an increase in the carbon content at 
the same hardness (strength). The note-Worthy point of this 
heat-treatment method resides in that When the carbon con 
tent is increased, the pearlitic transformation nose (start) 
moves toWards the short time area much more than in the 
eutectoid steel component materials and the pearlite transfor 
mation is more likely to occur, as shoWn in FIG. 2 Which is a 
continuous cooling transformation diagram of the eutectoid 
steel and the hypereutectoid steel. In other Words, the present 
inventors have found out that in order to obtain a high strength 
in the heat-treatment of the hypereutectoid steel rails, an 
accelerated cooling rate must be increased much more than in 
the conventional eutectoid component steels. In order to pre 
vent the formation of the proeutectic cementite Which causes 
brittleness as another problem of the hypereutectoid steel, the 
improvement of the accelerated cooling rate is effective. As a 
result, the present inventors have found out that the improve 
ment in the Wear resistance due to a higher carbon content can 
be expected by preventing the formation of the pro-eutectic 
cementite of the austenite grain boundary. 

Further, the present inventors have experimentally con 
?rmed that the Wear resistance of the gage comer portion, 
Which has been a problem in the conventional rail of the 
eutectoid carbon-containing steel Which provides a differ 
ence in the hardness inside the section of the head portion, can 
be further improved by forming the difference in the hardness 
at the rail head portion having the pearlite structure With the 
increased carbon content described above in such a manner 
that the hardness of the gage corner portion becomes higher 
than that of the head top portion, ?tting betWeen the Wheels 
and the rails under the initial Wear state can be promoted at the 
same time by reducing the contact surface pressure and the 
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4 
Wear of the head top porion, and buildup of the rolling fatigue 
layer can thus be prevented. The effect brought forth by 
setting the hardness of the head top portion to a loWer level 
than the hardness of the gage comer portion is that the cutting 
Work becomes easier When rail head pro?le grinding is con 
ducted so as to prevent the local Wear of the gage comer 

portion of the outer track rail and to prevent the internal 
fatigue damage due to the stress concentration on the inside of 
the comer portion as has been periodically conducted on 
heavy load railWays. This effect can be similarly obtained 
When cutting of the head top portion of the inner track rail is 
conducted. 
The present invention is directed to improve Wear resis 

tance and the damage resistance, as required for the rails of 
the sharply curved Zone of the heavy load railWay, to drasti 
cally improve the service life of the rails and to provide such 
rails at a reduced cost. 

In the case of resistance ?ash butt Welding Which has 
gained a Wide application in rail Welding, the base metal 
portion having a high strength by heat-treatment is softened at 
the joint portion due to the heat-treatment to thereby invite a 
local Wear, and the drop of the joint portion not only results in 
the source of occurrence of noise and vibration but also 
results in the damage of the roadbed and breakage of the rails. 
The present invention solves the problems described 

above, and has the gist thereof in the folloWing points. 
(1) A pearlitic steel rail, having a good Wear resistance, 

comprising more than 0.85 to 1.20%, in terms of percentage 
by Weight, of carbon, Wherein the structure of the steel rail is 
a pearlite, a pearlite lamella space of the pearlite is not more 
than 100 nm, and a ratio of the cementite thickness to the 
ferrite thickness in the pearlite is at least 0.15. 

(2) A pearlitic steel rail, having a good Wear resistance, 
comprising more than 0.85 to 1.20%, in terms of percentage 
by Weight, of carbon, and having a good Wear resistance, 
Wherein the structure Within the range of a depth of 20 mm 
from the surface of a rail head portion of the steel rail With the 
surface of the head portion being the start point is the pearlite, 
a pearlite lamella space of the pearlite is not more than 100 
nm, and a ratio of the cementite thickness to the ferrite thick 
ness in the pearlite is at least 0.15. 

(3) A pearlitic steel rail having a good Wear resistance, 
comprising, in terms of percent by Weight: 

C: more than 0.85 to 1.20% 
Si: 0.10 to 1.00%, 
Mn: 0.40 to 1.50%, and 
the balance consisting of Fe and unavoidable impurities, 

Wherein the structure of the steel rail is pearlite, a pearlite 
lammella space of the pearlite is not more than 100 nm, and a 
ratio of the cementite thickness to the ferrite thickness in the 
pearlite is at least 0.15. 

(4) A pearlitic steel rail having a good Wear resistance, 
comprising, in terms of percent by Weight: 

C: more than 0.85 to 1.20%, 
Si: 0.10 to 1.00%, 
Mn: 0.04 to 1.50%, and 
the balance consisting of Fe and unavoidable impurities, 

Wherein the structure Within the range of the depth of 20 mm 
from the surface of a head portion of the steel rail With the 
surface of the rail head portion being the start point is the 
perlite, a pearlite lamella space of the pearlite is not more than 
100 nm, and a ratio of the cementite thickness to the ferrite 
thickness in the pearlite is at least 0.15. 

(5) A pearlitic steel rail having a good Wear resistance, 
comprising, in terms of percent by Weight: 

C: more than 0.85 to 1.20%, 
Si: 0.10 to 1.00%, 
Mn: 0.40 to 1.50%, 
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at least one of the members selected from the group con 
sisting of: 
Cr: 0.05 to 0.50%, 
Mo: 0.01 to 0.20%, 
V: 0.02 to 0.30%, 
Nb: 0.002 to 0.05%, 
Co: 0.10 to 2.00%, 
B: 0.0005 to 0.005%, and 
the balance consisting of Fe and unavoidable impurities, 

Wherein the structure of the steel rail is pearlite, a pearlite 
lamella space of the pearlite is not more than 100 nm, and a 
ratio of the cementite thickness to the ferrite thickness in the 
pearlite structure is at least 1.15. 

(6) A pearlitic steel rail having a good Wear resistance, 
comprising, in terms of percent by Weight: 

C: more than 0.85 to 1.20%, 
Si: 0.10 to 1.00%, 
Mn: 0.40 to 1.50%, 
at least one of the members selected from the group con 

sisting of: 
Cr: 0.05 to 0.50%, 
Mo: 0.01 to 0.20%, 
V: 0.02 to 0.30%, 
Nb: 0.002 to 0.05%, 
Co: 0.10 to 2.00%, 
B: 0.0005 to 0.005%, and 
the balance consisting of Fe and unavoidable impurities, 

Wherein the structure of the steel rail Within the range of the 
depth of 20 mm from the surface of a head portion of the steel 
rail With the surface of the rail head portion being the start 
point is the pearlite, a pearlite lamella space of the pearlite is 
not more than 100 nm, and a ratio of the cementite thickness 
to the ferrite thickness in the pearlite is at least 0.15. 

(7) A pearlitic steel rail having a good Weldability and a 
high Wear resistance according to the item (1) or (2), Wherein 
the difference betWeen the hardness of a Weld joint portion 
and a base metal is not more than Hv 30. 

(8) A pearlitic steel rail having a good Weldability and a 
good Wear resistance according to any of the items (3) to (6), 
Wherein the chemical components further satisfy the relation 
Si+Cr+Mn: 1.5 to 3.0% in terms of percent by Weight. 

(9) A method of producing a pearlitic steel rail having a 
good Wear resistance, comprising the chemical components 
according to any of the items (1) to (6), Which comprises the 
steps of hot rolling a melted and cast steel, acceleratedly 
cooling a steel rail holding a rolling heat immediately after 
hot rolling or a steel rail heated for the purpose of heat 
treatment at a cooling rate of 1° to 10° C./ sec from an auste 
nite temperature, stopping accelerated cooling When the steel 
rail temperature reaches 7000 to 500° C., and thereafter leav 
ing the steel rail to cool, Wherein the hardness Within the range 
of the depth of 20 mm from the surface of a head portion of the 
steel rail is at least Hv 320. 

(10) A method of producing a pearlitic steel rail having a 
good Wear resistance, comprising the chemical components 
according to any of the items (1) to (6), Which comprises the 
steps of hot rolling a melted and cast steel, acceleratedly 
cooling a steel rail holding a rolling heat immediately after 
hot rolling or a steel rail heated for the purpose of heat 
treatment at a cooling rate of more than 10° to 30° C./ sec from 
an austenite temperature, stopping accelerated cooling When 
pearlite transformation of the steel rail proceeds at least 70%, 
and thereafter leaving the steel rail to cool, Wherein the hard 
ness Within the range of the depth of 20 mm from the surface 
of a head portion of the steel rail is at least Hv 320. 

(11) A method of producing a pearlitic steel rail having a 
good Wear resistance and a good damage resistance, compris 
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6 
ing the chemical components according to any of the items (1) 
to (6), Which comprises the steps of hot rolling a melted and 
cast steel, acceleratedly cooling a steel rail holding a rolling 
heat immediately after hot rolling or a gage comer portion of 
a steel rail heated for the purpose of heat-treatment at a 
cooling rate of 1° to 10° C./ sec, from an austenite tempera 
ture, stopping accelerated cooling When the temperature of 
the gage comer portion of the steel rail reaches 700° to 500° 
C., and thereafter leaving the steel rail to cool, Wherein the 
hardness of the gage comer portion of the steel rail is at least 
Hv 360 and the hardness of a head top portion is Hv 250 to 
320. 

(12) A method of producing a pearlitic steel rail having a 
good Wear resistance and a good damage resistance, compris 
ing the chemical components according to any of the items (1) 
to (6), Which comprises the steps of hot rolling a melted and 
cast steel, acceleratedly cooling a steel rail holding a rolling 
heat immediately after hot rolling or a gage comer portion of 
a steel rail heated for the purpose of heat-treatment at a 
cooling rate of more than 10° to 30° C./ sec from an austenite 
temperature, stopping accelerated cooling When a pearlite 
transformation of the gage corner portion of the steel rail 
proceeds at least 70%, and thereafter leaving the steel rail to 
cool, Wherein the hardness of the gage corner portion of the 
steel rail is at least Hv 360 and the hardness of the head top 
portion is Hv 250 to 320. 

(13) A method of producing a pearlitic steel rail having 
good Weldability and a good Wear resistance, according to the 
item (7) or (8), Which comprises the steps of hot rolling a 
melted and cast steel, acceleratedly cooling a steel rail hold 
ing rolling heat immediately after hot rolling or a steel rail 
heated for the purpose of heat-treatment at a cooling rate of 1° 
to 10° C./sec from an austenite temperature, stopping accel 
erated cooling When the steel rail temperature reaches 700° to 
500° C., and thereafter leaving the steel rail to cool, Wherein 
the hardness Within the range of the depth of 20 mm from the 
surface of a head portion of the steel rail is at least Hv 320. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagram shoWing Wear test characteristics, 
determined by a Nishihara Wear tester, of a conventional 
eutectoid component pearlite rail and of a hypereutectoid 
component pearlite rail steel according to the present inven 
tion. 

FIG. 2 is a diagram shoWing continuous cooling transfor 
mation of an eutectoid rail steel and of a hypereutectoid rail 
steel after heating at 1,000° C. 

FIG. 3 is a diagram shoWing the relation betWeen a lamella 
space and a cementite thickness/ferrite thickness betWeen a 
comparative rail steel and a rail steel according to the present 
invention. 

FIG. 4 is a diagram shoWing the relation betWeen the 
lamella space and a Wear amount as the Wear test result of a 
comparative rail steel and of a rail steel according to the 
present invention. 

FIG. 5 is a photograph shoWing an example of the space 
betWeen the cementite/ ferrite layers in the rail steel according 
to the present invention. 

FIG. 6 is a schematic vieW shoWing the names of surface 
positions in the section of a rail head portion. 

FIG. 7 is a schematic vieW shoWing a Nishihara Wear tester. 
FIG. 8 is a diagram shoWing the relation betWeen the hard 

ness and the Wear amount as the Wear test results of the rail 
steel according to the present invention and of the compara 
tive rail steel. 
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FIG. 9 is a diagram showing an example of the hardness 
distribution of the section of the rail head portion according to 
an embodiment of the present invention. 

FIG. 10 is a schematic vieW showing the outline of a rolling 
fatigue tester. 

FIG. 11 is a diagram shoWing the relation betWeen the 
hardness of the gage comer portion and the Wear amount in 
the rolling fatigue test. 

FIG. 12 is a diagram shoWing the relation betWeen the 
position in the proximity of a Weld portion and hardness 
distribution of the rail steel according to the present invention 
and of a comparative rail steel. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The pearlite structure of the eutectoid carbon component 
that has been used as the rail steel in the past has a lameller 
structure comprising a ferrite layer having a loW hardness and 
a tabular hard cementite layer. A method of improving the 
Wear resistance of the pearlite structure generally reduces the 
lamella space: 7» [7t:(ferrite thickness: tl)+(cementite thick 
ness: t2)] and increases the hardness. As shoWn in FIG. 1 on 
page 1217 of Metallurgical Transactions, Vol. 7A (1976), for 
example, the hardness can be greatly improved by rendering 
the lamella space in the pearlite structure ?ne. 

In the high hardness rails exhibiting the ?ne pearlite struc 
ture of eutectoid carbon steel, the hardness of the existing 
pearlite is the upper limit. When attempts are made to further 
make ?ne the pearlite lamella space by increasing the cooling 
rate in heat-treatment or by adding alloys, a hard martensite 
structure is formed inside the pearlite structure, so that both 
the toughness and the Wear resistance of the rail drop. 

Another solution method Would be one that uses a material 

having a metallic structure Which has a better Wear resistance 
than that of the pearlite structure. In the case of rolling Wear 
betWeen the rails and the Wheels, hoWever, materials Which 
are more economical and have a better Wear resistance than 

the ?ne pearlite structure have not yet been found. 
The Wear mechanism of the pearlite structure is as folloWs. 

In the rail surface layer With Which the Wheel comes into 
contact, the Work layer receiving repetitive contact With the 
Wheel ?rst undergoes plastic deformation in the opposite 
direction to the travelling direction of the train, and the soft 
ferrite layer sandWiched betWeen the cementite plates is 
squeezed out and at the same time, the cementite plates are cut 
off upon receiving the Work. Further, the cut cementite 
changes to spheres by receiving repeatedly the load of the 
Wheel, and only the hard cementites are thereafter piled up 
immediately beloW the rolling surface of the Wheel. In addi 
tion to Work hardening by the Wheel, the density of this 
cementite plays an important role in securing the Wear resis 
tance, and this fact is con?rmed by experiment. Therefore, the 
inventors of the present invention make the pearlite lamella 
space ?ne in order to obtain the strength (hardness) and at the 
same time, increase the ratio of the tabular hard cementite 
structure Which secures the Wear resistance of the pearlite 
structure, by increasing the carbon content. In this Way, the 
cementite becomes more dif?cult to be cut off even When 

receiving Work and to become spheres. The present inventors 
have con?rmed through experiments that the Wear resistance 
can be drastically improved, Without spoiling the toughness 
and ductility, by increasing the cementite density immedi 
ately beloW the rolling surface. 
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8 
Hereinafter, the present invention Will be explained in fur 

ther detail 
To begin With, the reasons Why the chemical components 

of the rail are limited as described above in the present inven 
tion Will be explained. 

Carbon is an effective element for generating the pearlite 
structure and securing the Wear resistance. Generally, 0.60 to 
0.85% of C is used for the rail steel. If the C content is not 
more than 0.85%, the ratio Rc (Rc?z/tl) of the cementite 
thickness t2 to the ferrite thickness t 1 in the pearlite structure, 
Which secures the Wear resistance, of at least 0.15 cannot be 
secured, and furthermore, the lamella space cannot be kept 
beloW 100 nm in the pearlite structure due to the drop of 
hardenability. If the C content exceeds 1.20%, the quantity of 
pro-eutectic cementite of the austenite grain boundary 
increases and both ductility and toughness greatly drop. 
Therefore, the C content is limited to the range of more than 
0.85 to 1.20%. 

Next, elements other than C Will be explained. 
Silicon is the element Which improves the strength by solid 

solution hardening to the ferrite phase in the pearlite structure 
and, though limitedly, it improves toughness of the rail steel. 
If the Si content is less than 0.10%, its effect is not suf?cient, 
and When the Si content exceeds 1.20%, it invites brittleness 
and a drop of Weldability. Therefore, the Si content is limited 
to 0.10 to 1.20%. 

Manganese is the element Which similarly loWers the pearl 
ite transformation temperature, contributes to a higher 
strength by increasing hardenability, and restricts the forma 
tion of the pro-eutectic cementite. If the Mn content is less 
than 0.40%, the effect is small and if it exceeds 1.50%, a 
martensite structure is likely to be formed at the segregation 
portion. Therefore, the Mn content is limited to 0.40 to 
1.50%. 

Further, at least one of the folloWing elements is added, 
Whenever necessary, to the rail produced by the component 
composition described above in order to improve the strength, 
the ductility and the toughness: 

Cr: 0.05 to 0.50%, 
Mo: 0.01 to 0.20%, 
V: 0.02 to 0.30%, 
Nb: 0.002 to 0.050%, 
Co: 0.10 to 2.00%, 
B: 0.0005 to 0.005%. 
Next, the reasons, Why the chemical components are stipu 

lated as described above Will be explained. 
Chromium raises the equilibrium transformation point of 

pearlite and eventually contributes to the higher strength by 
making the pearlite structure ?ne. At the same time, it rein 
forces the cementite phase in the pearlite structure and 
improves the Wear resistance. If the Cr content is less than 
0.05%, the effect of Cr is small and if it exceeds 0.50%, the 
excessive addition of Cr invites the formation of the marten 
site structure and brittleness of the steel. Therefore, the Cr 
content is limited to 0.05 to 0.50%. 
Molybdenum raises the equilibrium transformation point 

of pearlite in the same Way as Cr and eventually contributes to 
the higher strength by making the pearlite structure ?ne. Mo 
also improves the Wear resistance. If the Mo content is less 
than 0.01%, hoWever, its effect is small and if it exceeds 
0.20%, the excessive addition invites the drop of the pearlite 
transformation rate and the formation of the martensite struc 
ture Which is detrimental to the toughness. Therefore, the Mo 
content is limited to 0.01 to 0.20%. 
Vanadium improves the plastic deformation capacity by 

precipitation hardening due to vanadium carbides and 
nitrides formed during the cooling process at the time of hot 
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rolling, restricts the growth of the austenite grains When heat 
treatment is carried out at a high temperature to thereby make 
?ne the austenite grains, reinforces the pearlite structure after 
cooling and improves the strength and the toughness required 
for the rail. If the V content is less than 0.03%. its effect 
cannot be expected and if it exceeds 0.30%, its effect again 
cannot be expected Therefore, the V content is limited to 0.03 
to 0.30%. 

Niobium forms niobium carbides and nitrides in the same 
Way as V and is effective for making the austenite grains ?ne. 
The austenite grain groWth restriction effect of Ni lasts to a 
higher temperature (near 1,200o C.) thanV, and Nb improves 
the ductility and the toughness of the rail. If the Nb content is 
less than 0.002%, hoWever, the effect of Nb cannot be 
expected and if it exceeds 0.050%, the excessive addition 
does not increase the effect. Therefore, the Nb content is 
limited to 0.002 to 0.050%. 

Cobalt increases transformation energy of pearlite and 
improves the strength by making the pearlite structure ?ne. If 
the Co content is less man 0.10%, hoWever, its effect cannot 
be expected and if it exceeds 2.00%, the excessive addition 
saturates. Therefore, the Co content is limited to 0.10 to 
2.00%. 

Boron provides the effect of restricting the proeutectic 
cementite resulting from the original austenite grain bound 
ary, and is the effective element for stably forming the pearlite 
structure. If the B content is less than 0.0005%, hoWever, its 
effect is Weak and if the B content exceeds 0.0050%, coarse B 
compounds are formed and the rail properties are deterio 
rated. Therefore, the B content is limited to 0.0005 to 
0.0050%. 

In connection With the improvement in the Weld portion, 
the present invention pays speci?c attention to Si, Cr and Mn 
as the rail components in order to prevent the drop of the 
hardness of the joint portion Which occurs at the time of 
Welding of the conventional rail steels at the time of ?ash butt 
Welding, etc., in the hardness distribution of the Weld joint 
portion. In other Words, the drop of the hardness of the joint 
portion by ?ash butt Welding, etc., brings the hardness of not 
greater than Hv 30 for the base metal, and if the Si+Cr+Mn 
value in this instance is less than 1.5%, the drop of the hard 
ness of the Weld joint portion cannot be prevented. If the 
Si+Cr+Mn value is greater than 3.0%, on the other hand, the 
martensite structure mixes into the Weld j oint portion, and the 
properties of the joint portion are deteriorated. Therefore, the 
Si+Cr+Mn value is limited to 1.5 to 3.0% in the present 
invention. 

The rail steel having the component composition described 
above is melted by a melting fumace used ordinarily such as 
a converter, an electric fumace, etc., and the rail is produced 
by subjecting this molten steel to ingot making, breakdoWn 
method or a continuous casting method, and further to hot 
rolling. Next, the head portion of the rail holding the high 
temperature heat of hot rolling or the head portion of the rail 
heated to a high temperature for the purpose of heat-treatment 
is acceleratedly cooled, and the lamella space of the pearlite 
structure of the rail head portion is made ?ne. 

Next, the range in Which the pearlite structure is secured is 
preferably set to the range of the depth of at least 20 mm from 
the surface of the rail head portion With this rail head portion 
being the start point, for the folloWing reason. For if the depth 
is less than 20 mm, the Wear-resistance range of the rail head 
portion is small and longer service life of the rail cannot be 
obtained su?iciently. If the range in Which the pearlite struc 
ture is secured is greater than the range of the depth of 30 mm 
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10 
from the rail head surface With this rail head surface being the 
start point, desired longer service life of the rail can be 
obtained suf?ciently. 
By the Way, the term “rail head surface” means the rail head 

top portion and the rail head side portion or in other Words, the 
portion Where the Wheel tread surface and the ?ange of the 
train come into contact With the rail. 

Next, the reason Why the pearlite lamella space 7» (7»:ferrite 
thickness tl+cementite thickness t2) and the ratio RC (Rc?z/ 
t2) of the cementite thickness t2 to the ferrite thickness t 1 in the 
pearlite structure are limited as described above Will be 
explained. 

First, the reason Why the pearlite lamella space is limited to 
not greater than 100 nm Will be explained. 
When the lamella space is greater than 100 nm, it becomes 

di?icult to secure the hardness of the pearlite structure, and 
even When the ratio RC (Rc?2/ t l) of the cementite thickness of 
at least 0.15 is secured, the Wear resistance required for the 
rail on the sharp curve of the heavy load railWay having a 
Wheel Weight as great as 15 tons cannot be secured. Since 
surface damage such as creak crack resulting from plastic 
deformation is induced on the rail head surface, the pearlite 
lamella space 7» is limited to not greater than 100 nm. 

Next, the reason Why the ratio RC (Rc?z/tl) of the cement 
ite thickness t2 to the ferrite thickness tl in the pearlite struc 
ture is limited to at least 0.15 is as folloWs. If RC is not greater 
than 0.15, it becomes di?icult to secure the strength of 
cementite (resistance to separating and sphering) immedi 
ately beloW the rolling surface Which secures the Wear resis 
tance of the pearlite steel, and to improve the cementite den 
sity, and the improvement in the Wear resistance cannot be 
recognized in comparison With the conventional eutectoid 
rails. Therefore, RC is limited to at least 0.15. 
By the Way, the pearlite lamella space 7», the ferrite thick 

ness t1 and the cementite thickness t2 are measured in the 
folloWing Way. A sample is ?rst etched by a predetermined 
etching solution such as nital or picral, and in some cases, 
tWo-stage replicas are collected from the surface of the etched 
sample. The sample is inspected in 10 ?elds by a scanning 
electron microscope, and 7», t1 and t2 are measured in each 
visual ?eld. The measurement values so obtained are then 
averaged. 
Though the metallic structure of the rail is preferably the 

pearlite structure, a trace amount of proeutectic cementite is 
sometimes formed in the pearlite structure depending on the 
cooling method of the rail or on the segregation state of the 
raW materials. Even When a trace amount of pro-eutectic 
cementite is formed in the pearlite structure, it does not exert 
a great in?uence on the Wear resistance, the strength and the 
toughness of the rail. For this reason, the structure of the 
pearlitic steel rail according to the present invention may 
contain a considerable amount of pro-eutectic cementite in 
mixture. 

Next, the hardness at each rail portion in the present inven 
tion Will be explained. 

FIG. 6 shoWs the names of the surface positions in the 
section of the head portion of the rail in the present invention. 
The rail head portion includes a head top portion 1 and head 
corner portions 2. A part of one of the head comer portions 2 
is a gage comer portion (G.C. portion) Which mainly comes 
into contact With the Wheel ?ange. 
The preferred range of the hardness of the pearlite structure 

according to the present invention is at least Hv 320. If the 
hardness is less than Hv 320, it becomes di?icult to secure the 
Wear resistance required for the rail of the heavy load railWay 
by the present component system, and a metallic plastic ?oW 
occurs due to strong contact betWeen the rail and the Wheel at 
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the rail G.C. (gage corner) portion in the sharply curved Zone, 
so that surface damage such as head check or ?aking occurs. 

In order to further improve the damage resistance of the 
gage comer portion described above, the hardness of the rail 
gage comer portion is preferably at least Hv 360 When the 
damage of the corner portion is considered in the present 
invention. If the hardness is less than Hv 360, it is dif?cult to 
secure the Wear resistance required for the gage comer por 
tion of the rail in the sharply curved Zone of the heavy load 
railWay by the component system of the present invention. 
Further, metallic plastic ?oW occurs due to the strong contact 
betWeen the rail and the Wheel at the G.C. portion, and surface 
damage such as head check or ?aking thereby occurs. 

Improving the strength of the gage corner portion is also 
effective for preventing the damage due to the internal fatigue 
that occurs from inside the corner portion, and the higher 
hardness obtained by a higher carbon content can prevent the 
formation of the pro-eutetic ferrite as one of the start points of 
internal fatigue damage. From these tWo aspects, too, not only 
the Wear but also the internal fatigue damage can be improved 
and the longer service life can be accomplished. 

In this case, the hardness of the rail head top portion is 
preferably Hv 250 to 320. If the hardness is less than Hv 250, 
accumulation of the rolling fatigue layer by the reduction of 
the contact surface pressure and the promotion of the Wear 
can be prevented. but the strength of the top head portion is 
remarkably insuf?cient. Therefore, damage resulting from 
plastic deformation such as head check proceeds remarkably 
before the rolling fatigue layer is removed by the Wear and 
furthermore, corrugated Wear is induced. Therefore, the hard 
ness of the head top portion is limited to at least Hv 250. If the 
hardness exceeds Hv 320, the reduction of the contact surface 
pressure of the rail head top portion and the promotion of the 
Wear become insuf?cient, and the rolling fatigue layer is built 
up at the head top portion. 

Here, When the service life of the rail due to the Wear is 
taken into consideration, the range of the depth of at least 20 
mm from the surface of each portion as the start point pref 
erably has a predetermined hardness as to the hardness of the 
gage corner portion and the head top portion. 

Next, the reason Why the cooling stop temperature range 
and the accelerated cooling rate are limited as described 
above Will be explained in detail. 

First, accelerated cooling from the austenite Zone tempera 
ture is limited to the cooling rate of 1° to 10° C./sec and the 
cooling stop temperature is limited to the range of 700° to 
500° C., for the folloWing reasons. 
When accelerated cooling is stopped at a temperature 

higher than 700° C., the pearlite transformation starts occur 
ring immediately after accelerated cooling, and a coarse 
pearlite structure having a loW hardness is formed, so that the 
hardness of the rail head portion becomes less than Hv 320. 
Therefore, it is limited to a temperature not higher than 700° 
C. When accelerated cooling is carried out doWn to tempera 
ture less than 500° C., on the other hand, su?icient recupera 
tion from inside the rail cannot be expected after accelerated 
cooling, and the martensite structure detrimental to the tough 
ness and the Wear resistance of the rail is formed at the 
segregation portion. Therefore, it is limited to a temperature 
not loWer than 500° C. The technical signi?cance that the 
cooling stop temperature is at least 500° C. is that the micro 
segregation portion inside the rail is converted to a sound 
pearlite structure, and at least 90% of the rail head portion as 
a Whole has completed the pearlite transformation. 
When the accelerated cooling rate is less than 1° C./ sec, the 

pearlite transformation starts occurring during accelerated 
cooling. In consequence, a coarse pearlite structure having a 
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12 
loW hardness is formed and the hardness of the rail head 
portion is less than Hv 320. Further, large quantities of pro 
eutectic cementite detrimental to the toughness and the duc 
tility of the rail are formed. Therefore, the accelerated cooling 
rate is limited to at least 1° C./ sec. A cooling rate exceeding 
10° C./sec cannot be accomplished by using air Which is the 
most economical and the most stable cooling medium from 
the aspect of heat-treatment. Therefore, the cooling rate is 
limited to 10° C./ sec. 

In order to produce a rail having a pearlite structure having 
a hardness of at least 320 and a high Wear resistance, there 
fore, accelerated cooling must be carried out at a rate of 1° to 
10° C./ sec from the austenite Zone temperature to the cooling 
stop temperature of 700° to 500° C., and a pearlite structure 
having a high hardness is preferably formed in a loW tempera 
ture Zone. 

Next, accelerated cooling, When a cooling medium other 
than Water such as mist, atomiZed Water, etc., is used, is set to 
a cooling rate of more than 10° to 30° C./sec from the auste 
nite temperature Zone, and is stopped at the point When the 
pearlite transformation has proceeded at least 70%, for the 
folloWing reasons. 

First, it can be appreciated from FIG. 2 that the composi 
tion alWays passes through the pearlite nose at the cooling rate 
of not higher than 10° C./ sec. but only those having a limited 
C % pass through the nose position beloW 10° C./sec. In the 
latter case, supercooling becomes greater With a higher cool 
ing rate, and if cooling is as such continued, large quantities of 
martensite structure mix into the pearlite structure. If super 
cooling is great, on the other hand, the pearlite transformation 
of the rail head portion can be completed as a Whole by 
exothermy of the pearlite transformation even When cooling 
is stopped at a certain temperature, provided that the pearlite 
transformation has proceeded to a predetermined extent. The 
limit pearlite transformation quantity for completing the 
pearlite transformation is at least 70% on the basis of the 
detailed experiments, and the example of 0.95% shoWn in 
FIG. 2 is conceptually shoWn in super-position With the CCT 
diagram. It can be understood from the diagram that When a 
75% transformation point is reached, the passage through the 
pearlite transformation Zone can be accomplished by recu 
peration by stopping accelerated cooling, causing recupera 
tion in the rail itself and bringing the cooling characteristic as 
close as possible to the cooling curve of not greater than 10° 
C./ sec. 

This point Will be explained beloW in further detail. 
First, the reason Why the cooling rate is limited to more 

than 10° to 30° C./sec from the austenite Zone temperature 
When Water, etc., is used as the cooling medium is as folloWs. 
In this case, the productivity of heat-treatment is by far higher 
than When cooling is carried out at a rate of 1° to 10° C./sec, 
and as shoWn in the continuous cooling transformation dia 
gram of FIG. 2, the pearlite nose shifts to the shorter time side 
in the hyper-eutectoid rail steel than in the eutectoid rail. The 
nose position corresponds to the rate of more than 10° to 30° 
C./ sec in the component range of the present invention. In 
continuous cooling, pearlite transformation heat is forcedly 
restricted, and When cooling is, as such, carried out at a 
predetermined rate, the martensite structure mixes into the 
pearlite structure. In the practical heat-treatment of the rails, 
hoWever, the pearlite transformation is suf?ciently promoted 
by the mass of the rail once the pearlite transformation nose is 
reached by the volume of the rail head portion. Because the 
Water quantity adjustment at a rate of loWer than 10° C./sec 
cannot stably control cooling When the cooling medium such 
as Water is used, the loWer limit is limited to 10° C./ sec. When 
cooling is carried out at a cooling rate exceeding 30° C./sec, 
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the composition does not hit the pearlite nose and the major 
proportion is converted to the martensite structure. Even 
When it reaches the pearlite nose, pearlite transformation of 
more than 70% cannot be expected, and the pearlite transfor 
mation remains insu?icient and the martensite structure 
mixes after cooling. 

The reason Why cooling is stopped at the pearlite transfor 
mation of at least 70% is because, if accelerated cooling at a 
rate of more than 10° to 30° C./ sec is continued doWn to a loW 

14 
Hereinafter, the present invention Will be explained in fur 

ther detail With reference to Examples thereof shoWn in the 
accompanying draWings. 

EXAMPLES 

Example 1 

Table 1 tabulates the chemical components of the rail steel 
temperature, completion of the pearlite transformation of the 10 having the pearlite Strueture OfthiS Example 1 Ofthe present 

{31112223052533 ti‘; 31:73:51iiglihsgshgnfgeglpéygegpg?g invention and the chemical components of a Comparative'rail 
ling is taken into consideration. As a result large quanti- Steel‘ Table 2 te-lbula-tes the lamena sp-ace A OFfemte duck 

$122 of martensite are formed in the rail head portion but the Hess tl+cemenme thlckness t2)’ the rano ° (Rcqz/h) .ahd the 
inside the rail head portion in Which microscopic segregation 15 result of measurement ofthe Wear quanmyhfter repemlon of 
exists is cooled While it does not yet undergo transformation, 500’000 tunes under a dry Condmon by a Nlshlhara type Wear 
so that island-like martensite structures exist in the spot form test of each of these Steels‘ _ 

and they are detrimental to the rail. Therefore, it is necessary Further’ FIGS‘ 3 and 4 Show the relanoh between the 
to stop accelerated cooling at the point When at least 70% of lameha epaee 0‘) and the rahe of the eemehhte thlekhess to 
pearlite transformationis formed inside the pearlite nose and 20 the femte thlekhess and the relaheh between the lameha 
to suf?ciently promote the pearlite transformation by the heat Space (7t) and the Wear qhahtrty ofthe Comparative rah steel 
of the rail head portion. Here, the scale for judging at least and the Present rah Steer FIG 5 Shows a 10>000>< micrograph 
70% of the pearlite transformation is as follows' Namely, of the present rail steel (No. 8). FIG. 5 is obtained by etching 
When the cooling rate is measured by a thermo-couple ?tted to the present rail steel by a 5% nital solution and observing it 
the surface of the rail head portion, exothermy of the pearlite 25 through a scanning electron micrograph. A White portion in 
transformation occurs, and a point immediately before the the drawing represents the cementite layer andablack portion 
point at Which the temperature rise due to exothermy by the represents the ferrite layer, 
transformation Stops corresponds to about 70% of Poarhte Incidentally, the construction of the rails is as folloWs. 
trahsforrhatroh qhahtrty- _ _ _ _ Rails of this invention (10 steels, Nos. 1 to 10) 

The range of the accelerated cooling rate is limited to more 30 Heat_treated rails applied With accelerated Cooling at the 
thah_10o to 300 Cjsee from the Concept of the accelerated head portion thereof and having the components Within the 

33331111ii?oi‘ildal?ihiti?t?irfif?g ‘I; ifiliiilii? 313$? We desmbed ab‘ive’ aPea?i‘e lamena SW A “ferrite 
_ _ _ _ ’ _ _ thickness t1+cement1te thickness t2) of not more than 100 nm 

ing is limited to at least 70% of the pearl1te transformation. and a ratio R (R q A ) of the Cememite thickness t to the 
Incidentally, means for obtaining the cooling rate of more 35 f . h. kn° tc i“ ltl t 0 15 . th 1. t t 2m 
than 10° to 30° C./sec is mist cooling, Water-airmixture spray emtet 16. ess. 1 O 21. eas ' m 6 hear 1 e S we re' 

cooling or their combination, or immersion of the rail head comparanve. ralls.(6 falls’ N051“ to 16) . . . 
portion or the Whole into oil, hot Water, polymer plus Water, Comparanve _ra11s by eutectold Carbon'comammg falls 
Salt bath’ etc The Wear test1ng cond1t1on1s as folloWs. FIG. 7 shoWs the 

After accelerated cooling is stopped, gradual cooling is 40 Nlshlhara type Wear teshhg hlaehlhe' Ih thls drawlhg’ fetter‘ 
Carried Out by leaving the rail Standing The Cooling rate at ence numeral 3 denotes a rail testp1ece, 4 denotes a mating 
this time is generally not higher than 1° C./ sec, and the mar- material and 5 dohotos a ooohhg hoZZlo 
tensite transformation does not practically occur even at a loW Testing rhaohiho? Nrshrhar a typo Wear tester 
temperature Shape of testpiece: disc-like testpiece (outer diameter:30 
By the Way, the object of improving the Weld portion 45 mm, thickness:8 mm) 

according to the present invention can be suf?ciently accom- Test load: 686N 
plished by setting the cooling rate of accelerated cooling to 1° Slippage ratio: 9% 
to 10° C./sec and stopping accelerated cooling at a tempera- Wheel material: tempered martensite steel (Hv 350) 
ture of 700° to 500° C. Further, the improvement of the Atmosphere: in air 
damage resistance of the gage corner portion can be accom- 50 Compulsive cooling by compressed air (?oW rate: 100 
plished by satisfying the accelerated cooling condition Nl/min) 
described above. Number of times of repetition: 700,000 times 

TABLE 1 

chemical composition (Wt %) 

rail No C Si Mn Cr Mo V Nb Co 

Present steel 1 0.86 0.52 1.20 i 0.19 i i i 

2 0.86 0.61 1.21 i i i i 1.20 

3 0.90 0.25 1.12 i i i i i 

4 0.91 0.25 0.81 0.45 i i i i 

5 0.94 0.25 0.85 i i i i i 

6 0.95 0.21 0.61 0.30 i i i i 

7 0.97 0.25 0.75 i i i i i 

8 0.99 0.17 0.49 0.23 i i i i 

9 1.05 0.20 0.59 i i i 0.05 i 

10 1.19 0.10 0.40 i i 0.17 i i 
















