EP 3 124 636 B2

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11)

After opposition procedure

(45) Date of publication and mention
of the opposition decision:
17.05.2023 Bulletin 2023/20

(45) Mention of the grant of the patent:
06.03.2019 Bulletin 2019/10

(21) Application number: 15768893.8

(22) Date of filing: 24.03.2015

EP 3 124 636 B2
NEW EUROPEAN PATENT SPECIFICATION

(51) International Patent Classification (IPC):

C22C 38/00 (2006.01)
C21D 9/04 (2006.01)

C22C 38/46 (2006.01)
C22C 38/04 (2006.01)
C22C 38/06 (2006.01)
C22C 38/28(2006.01)
C22C 38/38(2006.01)
C22C 38/48(2006.07)
C21D 6/00 (2006.0%)

C21D 8/00 (2006.0%)

C22C 38/18(2006.07)
C22C 38/02 (2006.01)
C22C 38/24 (2006.01)
C22C 38/26 (2006.01)
C22C 38/34 (2006.01)
C22C 38/42 (2006.01)
C22C 38/50 (2006.01)
C22C 38/22 (2006.01)

(562) Cooperative Patent Classification (CPC):
C21D 9/04; C21D 6/002; C21D 6/005; C21D 6/008;
C21D 8/005; C22C 38/00; C22C 38/001;
C22C 38/002; C22C 38/02; C22C 38/04;
C22C 38/06; C22C 38/18; C22C 38/22;

C22C 38/24; C22C 38/26;

(Cont.)

(86) International application number:

PCT/JP2015/001659

(87) International publication number:
WO 2015/146150 (01.10.2015 Gazette 2015/39)

(54) RAIL AND METHOD FOR MANUFACTURING SAME
SCHIENE UND VERFAHREN ZUR HERSTELLUNG DAVON

RAIL ET PROCEDE POUR LE FABRIQUER

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 24.03.2014 JP 2014060786

(43) Date of publication of application:
01.02.2017 Bulletin 2017/05

(73) Proprietor: JFE Steel Corporation
Tokyo 100-0011 (JP)

(72) Inventors:
* KIMURA, Tatsumi
Tokyo 100-0011 (JP)
* TAKASHIMA, Yukio
Tokyo 100-0011 (JP)

(74) Representative: Griinecker Patent- und
Rechtsanwilte
PartG mbB
LeopoldstraBe 4
80802 Miinchen (DE)

(56) References cited:
EP-A1-0 685 566
JP-A- HO01 104 720
JP-A-HO01 104 721
JP-A-2001 234 238
JP-A-2008 050 687
JP-A-2010 077 481
JP-B2-2 773 867
US-A1-2004 187 981
US-A1-2010 116 381
US-A1-2011 155 821
US-A1-2011 303 756

JP-A- S6 289 818
JP-A- HO1 104 721
JP-A- HO7 216 454
JP-A- 2001 234 238
JP-A- 2010 077 481
JP-A- 2010 185 106
US-A- 4 886 558
US-A1-2009 314 049
US-A1-2010 116 381
US-A1-2011 253 268

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 3 124 636 B2

(52) Cooperative Patent Classification (CPC): (Cont.)
C22C 38/28; C22C 38/34; C22C 38/38;
C22C 38/42; C22C 38/46;C22C 38/48;C22C 38/50




10

15

20

25

30

35

40

45

50

55

EP 3 124 636 B2
Description
TECHNICAL FIELD

[0001] The present disclosure relates to a rail, particularly a rail having high hardness and small hardness variation,
and also to a method for manufacturing the rail.

BACKGROUND

[0002] Freight cars used on freight transportation and mining railways tend to have heavier loading weights than
passenger cars, which results in heavy loads acting on the axles of the freight cars and a severe contact environment
between the freight car wheels and rails. Rails used under these conditions are expected to exhibit wear resistance and
are conventionally made from steel having a pearlite structure.

[0003] In recent years, there has been a trend toward even heavier loading weights of freight, minerals, and so forth
in order to improve railway transport efficiency, which has led a further increase in rail wear and a decrease in rail service
life. Accordingly, there is demand for improved rail wear resistance in order to extend rail service life and numerous high
hardness rails have been proposed in which rail hardness is enhanced.

[0004] For example, PTL 1, PTL 2, PTL 3, and PTL 4 each disclose a hypereutectoid rail having increased cementite
content and a manufacturing method thereof. Moreover, PTL 5, PTL 6, and PTL 7 each disclose a technique forincreasing
hardness by refining the lamellar spacing of a pearlite structure in steel containing the eutectoid level of carbon content.
[0005] With regards to a method for manufacturing a rail, PTL 8 proposes a method for manufacturing a high hardness
rail having superior head internal fatigue resistance. In rolling of a rail steel slab in this method, finish rolling is performed
at a head surface temperature of 850°C to 1050°C to leave final finishing, and after a time interval between passes of
at least 3 seconds and no greater than 1 minute, one pass or a plurality of passes of final finish rolling are performed at
a head surface temperature of 800°C to 950°C and with arolling reduction of 10% or less per pass. Thereafter, accelerated
cooling is started at a cooling rate of 2°C/s to 4°C/s for 0.1 seconds to 10 seconds to cool the temperature at less than
5 mm from the surface of the head and corner of the rail to the Ar, transformation temperature or lower, and cooling is
continued at a maximum surface cooling rate of at least 4°C/s and no greater than 30°C/s.

[0006] PTL 9 describes a method for manufacturing a high toughness rail that exhibits a pearlite metal structure. In
this method, after rough rolling of a steel slab of low-alloy steel or carbon steel containing 0.60% to 1.00% of C into a
rail shape, continuous finish rolling is performed for three or more rolling passes at a rail surface temperature of 850°C
to 1000°C with a cross-section area reduction rolling reduction of 5% to 30% per pass and 10 seconds or less between
rolling passes, and thereafter the rail is allowed to cool or is cooled from 700°C or higher to a temperature in a range of
500°C to 700°C at a rate of 2°C/s to 15°C/s.

[0007] Furthermore, PTL 10 discloses a method for manufacturing a pearlitic rail having superior wear resistance and
ductility in which at least rough rolling and finish rolling are performed on a steel slab for rail rolling that contains, in
mass%, 0.65% to 1.20% of C, 0.05% to 2.00% of Si, and 0.05% to 2.00% of Mn, the balance being Fe and incidental
impurities. In the finish rolling, rolling is performed at a rail head surface temperature of no higher than 900°C and no
lower than the Arj transformation point or the Ar,,,, transformation point, a head cumulative area reduction rate of 20%
or greater, and with a reaction force ratio of 1.25 or greater, which is a value obtained by dividing a reaction force value
of the roller by a reaction force value for the same cumulative area reduction rate and a rolling temperature of 950°C.
After the finish rolling, the rail head surface is cooled to 550°C or lower at a cooling rate of 2°C/s to 30°C/s by accelerated
cooling or natural cooling. Further, PTL 11 discloses a method of manufacturing a rail with a surface hardness of at most
370 HV, including a cooling step for providing uniform hardness over the whole length of the rail. PTL 12 discloses a
method for manufacturing a pearlite based rail having excellent wear resistance and ductility.

[0008] Rails used in high axle load railways, the main examples of which being railways for freight transportation and
mining, are expected to have superior wear resistance in order to improve rail durability and, in response, there have
been various proposals for rails, such as described above, that focus on increasing hardness.

CITATION LIST
Patent Literature
[0009]
PTL 1: JP 4272385 B

PTL 2: JP 3078461 B
PTL 3: JP 3081116 B
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PTL 4: JP 3513427 B

PTL 5: JP 4390004 B

PTL 6: JP 2009-108396 A
PTL 7: JP 2009-235515 A
PTL 8: JP 3423811 B

PTL 9: JP 3113137 B

PTL 10: JP 2008-50687 A
PTL 11: JP 2773867 B2

PTL 12: US 2004/0187981 A1

SUMMARY
(Technical Problem)

[0010] Arailis manufactured by hot rolling a steel raw material to a length of as long as 100 m or greater and, hardness
of the rail exhibits variation in the rail length direction that is dependent on the method of manufacture. Consequently,
the rail may experience uneven wear when laid and thus may be unable to sufficiently demonstrate its effects. Although
it is extremely important, therefore, to reduce hardness variation in the longitudinal direction of rolling, PTL 1-10 make
no mention of this hardness variation.

[0011] In consideration of the above, an objective of the present disclosure is to provide a rail that exhibits excellent
wear resistance and reduced hardness variation in the rail length direction, and also a method for manufacturing the rail.

(Solution to Problem)

[0012] The inventors sampled test pieces from steel materials having pearlite structures corresponding to rails of
differing hardness and conducted a rail wear test with respect to the test pieces in order to investigate a relationship
between hardness and wear. The results of the investigation are shown in FIG. 1.

[0013] The wear test was a comparative test in which actual contact conditions between a pearlite steel rail and a
wheel were simulated using a Nishihara type wear test apparatus that enables wear resistance evaluation in a short
period of time. The test was conducted as illustrated in FIG. 2 by rotating a Nishihara type wear test piece 1 of 30 mm
in outer diameter, sampled from a rail head, in contact with a tire test piece 2. The arrows in FIG. 2 indicate the rotation
directions of the Nishihara type wear test piece 1 and the tire test piece 2, respectively. The tire test piece was obtained
by sampling a round bar of 32 mm in diameter from a normal rail head stipulated by JIS E1101, subjecting the round
bar to heat treatment such as to have a tempered martensite structure and a Brinell hardness (Brinell load 29.4 kN) of
HB 370, and subsequently processing the round bar into the shape illustrated in FIG. 2. Nishihara type wear test pieces
1 were sampled from two locations in a rail head 3 as illustrated in FIG. 3. A test piece sampled from a surface layer of
the rail head 3 is denoted Nishihara type wear test piece 1a and a test piece sampled from an inner part of the rail head
3 is denoted Nishihara type wear test piece 1b. The center, in a longitudinal direction, of the Nishihara type wear test
piece 1b sampled from the inner part of the rail head 3 is located at a depth of from 24 mm to 26 mm (average value 25
mm) from an upper surface of the rail head 3. The test was conducted in dry ambient conditions and the wear was
measured after 1.8 X 109 rotations under conditions of a contact pressure of 1.2 GPa, a slip ratio of -10%, and a rotational
speed of 750 rpm (tire test piece: 750 rpm). The wear was calculated from the difference in the mass of the test piece
measured before and after the test.

[0014] As illustrated in FIG. 1, wear resistance increases with increasing hardness. For example, wear resistance of
a rail having a hardness of HB 400 or higher can be improved by 15% compared to an ordinary heat treated rail (HB
370). However, if the hardness exhibits a large amount of variation in the rail length direction, a difference in wear
behavior arises for hard portions and soft portions. For example, in a situation in which the hardness is HB 415 points
and exhibits variation of =15 or less (i.e., the hardness varies within a range from at least HB 400 to no greater than
HB 430), the wear changes from 0.37 g to 0.3 g and accordingly exhibits variation of 20% or less. On the other hand,
in a situation in which the hardness is HB 415 points and exhibits variation of =30 (i.e., the hardness varies in a range
from at least HB 385 to no greater than HB 445), the wear changes from 0.40 g to 0.27 g and accordingly exhibits
variation of 33%. In consideration of the above, reducing hardness variation in the longitudinal direction of a rail in
accompaniment to increasing rail hardness enables uniform rail wear and contributes to improving rail life. It is preferable
for wear to be as uniform as possible in the length direction because wear proceeds due to contact between the rail and
wheels during use. Taking into account the results of the test described above, hardness variation in the rail length
direction is preferably of a level such that wear variation is 20% or less. The inventors discovered that surface hardness
variation of =HB 15 or less ensures superior wear resistance along the length direction and contributes to improved rail
life. This discovery led to the present disclosure.
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[0015] Specifically, the presentinvention relates to arail according to claim 1 and a rail manufacturing method according
to claim 2.

Herein, the surface hardness variation in the rail length direction refers to the difference between an average value of
Brinell hardness of the top of the rail head calculated from measurements made at intervals of 5 m in a rolling length
direction along the entire length of the rail (for example, 25 m to 100 m) and the value of Brinell hardness measured at
each of the measurement points. In other words, surface hardness variation of = HB 15 points or less in the rail length
direction signifies that when an average value for Brinell hardness is calculated from all hardness values measured at
5 mintervals (i.e., values measured at 6 points in the case of a total length of 25 m, 11 points in the case of a total length
of 50 m, and 21 points in the case of a total length of 100 m), the maximum difference in Brinell hardness between the
average value and the values for the measurement points is = 15 points or less. Note that Brinell hardness is measured
after removing 0.5 mm or greater of a decarburized layer using a grinder or the like.

(Advantageous Effect)

[0016] The present disclosure enables minimization of hardness variation in a rail length direction and effectively
improves rail durability (extends rail life), particularly in the case of a rail that is laid in a high axle load environment such
as a heavy freight railway or a mining railway, and thus demonstrates a significant effect in industrial use.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] In the accompanying drawings:

FIG. 1 is a graph illustrating a relationship between the rail material hardness and wear;

FIG. 2 illustrates a Nishihara type wear test piece of which wear resistance is evaluated, wherein (a) is a plan view
and (b) is a side view; and

FIG. 3 is a cross-sectional view of a rail head illustrating sampling positions of Nishihara type wear test pieces.

DETAILED DESCRIPTION

[0018] Firstly, the reasons for limitations on each component in the chemical composition of a rail will be explained.
When components are expressed in "%", this refers to "mass%" unless otherwise specified.

C:0.60% to 1.0%

[0019] C is an important element in a pearlitic rail for forming cementite, increasing hardness and strength, and
improving wear resistance. However, these effects are small when C content is less than 0.60% and therefore the lower
limit for the C content is 0.60%. On the other hand, although an increase in the C content, and thus an increase in
cementite content, is expected to lead to higher hardness and strength, an increase in the C content also decreases
ductility. Furthermore, an increase in the C content broadens the y + 6 temperature range and promotes softening of a
heat-affected zone. Taking into account these influences, the upper limit for the C content is 1.0%. The C content is
preferably in a range of 0.73% to 0.85%.

[0020] Siis added to the rail material as a deoxidizing material and in order to raise the equilibrium transformation
temperature (TE) and reinforce the pearlite structure (increase hardness by refining the lamellar structure). However,
these effects are small when Si content is less than 0.1%. On the other hand, an increase in the Si content promotes
decarburization and promotes formation of rail surface defects. Therefore, the upper limit for the Si contentis 1.5%. The
Si content is preferably in a range of 0.5% to 1.3%.

Si: 0.1% to 1.5%

[0021] In the method of the present invention, the Mn content is 0.01% to 1.5%. In the rail of the present invention,
the Mn content is restricted to 0.01% to 1.2%. Mn has an effect of lowering the actual pearlite transformation temperature
and narrowing pearlite lamellar spacing, and is an effective element for achieving high hardness. However, these effects
are small when Mn content is less than 0.01%. On the other hand, addition of greater than 1.5% of Mn to improve
hardenability facilitates transformation to bainite or martensite. Therefore, the upper limit for the Mn content is 1.5% in
case of the method of the invention. The Mn content is preferably in a range of 0.3% to 1.2%.
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P: 0.035% or less

[0022] P content of greater than 0.035% decreases toughness and ductility. Therefore, the upper limit for the P content
is 0.035%. A preferable range for the P content has an upper limit of 0.025%. On the other hand, taking into consideration
the increased cost of steelmaking when special refining or the like is performed, the lower limit for the P content is
preferably 0.001%.

S: 0.030% or less

[0023] S forms coarse MnS extending in the rolling direction and decreases ductility and toughness. Therefore, the
upper limit for S content is 0.030%. On the other hand, restricting the S content to less than 0.0005% requires a significant
increase in steel making cost due to, for example, a large increase in steelmaking process time. Therefore, the lower
limit for the S content is preferably 0.0005%. The S content is preferably 0.001% to 0.015%.

Cr:0.1% to 2.0%

[0024] Crraises the equilibrium transformation temperature (TE), contributes to refinement of pearlite lamellar spacing,
and increases hardness and strength. In order to obtain such effects, it is necessary to add 0.2% or greater of Cr. On
the other hand, adding greater than 2.0% of Crincreases occurrence of welding defects while also increasing hardenability
and promoting martensite formation. Therefore, the upper limit for Cr content is 2.0%. The Cr content is more preferably
in a range of 0.26% to 1.00%.

[0025] Besides the chemical components described above, one or more of 1.0% or less of Cu, 0.5% or less of Ni,
0.5% or less of Mo, and 0.15% or less of V may be added.

Cu: 1.0% or less

[0026] Cu is an element that can provide even higher hardness through solid solution strengthening. Cu also has an
effect of suppressing decarburization. In order to obtain these effects, 0.01% or greater of Cu is preferably added. On
the other hand, adding greater than 1.0% of Cu makes surface cracking more likely to occur during continuous casting
or rolling. Therefore, the upper limit for Cu content is preferably 1.0%. Moreover, the Cu content is more preferably in a
range of 0.05% to 0.6%.

Ni: 0.5% or less

[0027] Niis an effective element for improving toughness and ductility. Ni is also an effective element for inhibiting Cu
cracking through combined addition with Cu. Therefore, in a situation in which Cu is added, Ni is preferably also added.
However, these effects are not noticeable when Ni content is less than 0.01%. Therefore, in a situation in which Ni is
added, the lower limit for the Ni content is preferably 0.01% or greater. On the other hand, adding greater than 0.5% of
Niincreases hardenability and promotes formation of martensite. Therefore, the upper limit for the Ni content is preferably
0.5%. The Ni content is more preferably in a range of 0.05% to 0.50%.

Mo: 0.5% or less

[0028] Mo is an effective element for increasing strength, but this effect is small when Mo content is less than 0.01%.
Therefore, the lower limit for the Mo content is preferably 0.01%. On the other hand, adding greater than 0.5% of Mo
causes formation of martensite as a result of increased hardenability and dramatically decreases toughness and ductility.
Therefore, the upper limit for the Mo content is preferably 0.5%. The Mo content is more preferably in a range of 0.05%
to 0.30%.

V:0.15% or less

[0029] V forms VC, VN, or the like as a fine precipitate in ferrite and is an element that contributes to achieving high
hardness through precipitation strengthening of ferrite. The solvation temperature of VC or VN is sufficiently lower than
that of Ti or Nb such as to have little influence on recrystallization behavior of austenite during rolling and therefore has
little influence on variation of properties in the rail length direction. Moreover, V also acts as a hydrogen trapping site
and can be expected to exhibit an effect of inhibiting delayed fracture. Therefore, 0.001% or greater of V is preferably
added. On the other hand, when greater than 0.15% of V is added, the above-described effects reach saturation and
the alloying cost increases dramatically. Therefore, the upper limit for V content is preferably 0.15%. The V content is
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more preferably in a range of 0.005% to 0.12%.

[0030] The balance excluding the aforementioned components is Fe and incidental impurities.

[0031] Forexample, upto0.006% of Nand 0.003% of O may be allowed as incidental impurities. Furthermore, although
Al is effective as a deoxidizing material, Al forms cluster-shaped AIN, which significantly decreases rolling fatigue char-
acteristics. Therefore, Al content is preferably 0.003% or less. Nb and Ti are also contained as incidental impurities as
described below.

Nb: 0.003% or less
Ti: 0.003% or less

[0032] Nb and Ti are effective elements for improving hardness and wear resistance due to forming carbides or
carbonitrides that strengthen the matrix. However, Nb and Ti are harmful elements that promote hardness variation of
the rail in the longitudinal direction and are therefore not generally added, although incidentally mixed in Nb and Ti of
0.003% orless is allowable. Specifically, addition of Nb or Ti causes hardness to change to a greater extent in accordance
with material heating, rolling, or cooling conditions and thus causes changes in hardness in the rolling length direction
to be more sensitively associated with variation in these conditions. In metallurgical terms, inhomogeneity of heated
austenite particles is promoted and, at the same time, inhibition of recrystallization of austenite during rolling and a
change in pearlite transformation temperature associated therewith are greatly increased compared to steel in which
Nb and Ti are not added, and this may promote hardness variation.

[0033] In addition to the chemical composition described above, it is essential that surface hardness exhibits variation
of =HB 10 points or less in the rail length direction because hardness variation of =HB 10 points or less enables
restriction of the change in rail wear to less than 15%.

[0034] The following provides a specific description of rail manufacture conditions.

[0035] First, the steel raw material that is used is preferably continuous-cast steel obtained through continuous casting
of molten steel that has been adjusted to the chemical composition described above through steelmaking processes
such as a process in a blast furnace, molten iron pretreatment, a process in a converter, and RH degassing.

[0036] The steel raw material is hot rolled to form a rail shape by ordinary caliber rolling or universal rolling. The
following explains the reasons for limitations placed on conditions during the heating and rolling described above and
also conditions during subsequent cooling.

[Heating temperature prior to hot rolling: 1200°C to 1300°C]

[0037] Heating of the produced steel raw material is required to 1200°C or higher. This is performed with the main
objective of sufficiently reducing deformation resistance so as to enable use of a lighter rolling load and also with the
objective of homogenization. In order to sufficiently obtain these effects, the heating temperature is required to be 1200°C
or higher. The heating temperature is 1300°C or lower from a viewpoint of suppressing scale loss and decarburization.

[Rolling in a rail length direction in a temperature region not exceeding 1000°C is performed over a plurality of passes
with a time interval between passes exhibiting variation of 15 s or less in the rail length direction]

[0038] The steel raw material heated as described above is shaped into a rail shape by hot rolling. In the hot rolling,
it is important that a plurality of rolling passes at temperatures not exceeding 1000°C are performed by rolling repeatedly
in a single direction in order to minimize variation in a time interval between passes. Note that the time interval between
passes refers to the interval between a time when a given portion in the longitudinal direction (rolling direction) of a rolled
rail material is bitten by a roller and a time when the given portion is next bitten by the roller. The time interval between
passes differs the most for the top (leading end) of the rolled rail material and the bottom (trailing end) of the rolled rail
material.

[0039] In conventional reverse rolling, during an interval between a rolled top portion (leading end) being bitten by the
roller in a given pass and starting to be bitten in a next pass, the next pass is performed in order by first feeding a rolled
bottom portion (trailing end) to the roller, which lengthens the time interval between passes for the rolled top portion. On
the other hand, after the rolled bottom portion (trailing end) has passed through in a given pass, the bottom portion is
bitten first by the roller in the next pass, which shortens the time interval between passes. The difference in the time
interval between passes for the leading end and the trailing end described above, which is a characteristic of reverse
rolling, influences the state of the austenite structure and also influences hardness variation after transformation to
pearlite. In contrast, when continuous rolling is performed in a single direction, the difference in the time interval between
passes for a leading end and a trailing end of a rolled material is fundamentally small. Therefore, inhomogeneity of the
austenite structure arising from the above-described difference in the time interval between passes can be resolved. It
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is therefore necessary for the aforementioned difference in the time interval between passes to be 15 s or less. In other
words, a difference in the time interval between passes of 15 s or less can suppress hardness variation in the rail length
direction. The difference in the time interval between passes is preferably 12 s or less.

[0040] The above stipulations are conditions to be applied to rolling performed at 1000°C or lower in the hot rolling.
Reverse rolling may be used for rolling performed in a temperature region exceeding 1000°C, a representative example
of which is rough rolling. In other words, so long as rolling at 1000°C or lower is performed continuously in a single
direction, a preceding stage of rolling in a temperature region exceeding 1000°C may be performed freely. In the hot
rolling, two to seven passes of rolling are performed at 1000°C or lower. The reason for this is that single pass rolling
requires a large rolling load and makes shaping difficult, whereas more than seven passes tends to cause a fairly
inhomogeneous austenite state and increase hardness variation.

[Cumulative area reduction rate of 40% or greater for a portion forming a rail head]

[0041] The cumulative area reduction rate of rolling performed at 1000°C or lower is required to be 40% or greater.
The reason for this is that it is necessary to perform 40% or greater of area reduction processing at 1000°C or lower in
order to promote recrystallization refinement of austenite. If the area reduction rate for rolling at 1000°C or lower is less
than 40%, recrystallization refinement of austenite is insufficient and coarse austenite may partially remain, which results
in increased hardness variation in the rail length direction (rolling direction).

[Finisher delivery temperature of 900°C or higher]

[0042] When performing continuous rolling in a single direction in order to reduce variation in the time interval between
passes along the whole length of the rolled material, a finisher delivery temperature of 900°C or higher is required. The
reason for this it that if the finisher delivery temperature is lower than 900°C, overall hardness decreases and variation
thereof increases due to reasons such as a decrease in the cooling start temperature of on-line heat treatment performed
consecutively after rolling and promotion of transformation to pearlite (transformation at higher temperature). Therefore,
the finisher delivery temperature is 900°C or higher in order to prevent a decrease in hardness such as described above.
[0043] Cooling is performed consecutively after the hot rolling under the following conditions. [Cooling of the rail head
from a cooling start temperature of 800°C or higher to a cooling stop temperature of 400°C to 600°C at a cooling rate
of 1°C/s to 10°C/s]

[0044] Firstly, the cooling start temperature is 800°C or higher. Specifically, a cooling start temperature of lower than
800°C may not enable sufficient supercooling or allow sufficient surface hardness to be obtained. The cooling stop
temperature is required to be 600°C or lower. Sufficient hardness cannot be obtained if the cooling stop temperature is
greater than 600°C. Saturation is reached in terms of hardness once cooling is performed to 400°C or lower and pro-
ductivity is adversely affected by increased cooling time. Therefore, cooling is stopped at 400°C or higher.

[0045] The cooling rate is in a range of 1°C/s to 10°C/s. A cooling rate of greater than 10°C/s does not allow sufficient
time for pearlite transformation, causes formation of bainite and martensite, and thus reduces toughness, ductility, and
fatigue resistance. On the other hand, a cooling rate of less than 1°C/s does not allow sufficient hardness to be obtained.
The cooling rate is preferably in a range of 2°C/s to 8°C/s.

[0046] Moreover, the cooling rate exhibits variation of +1°C/s or less in the rolling longitudinal direction. Restricting
cooling rate variation to =1°C/s or less reduces variation in pearlite lamellar spacing, enables hardness variation of =*HB
10 or less to be achieved, and reduces wear resistance variation and fatigue resistance variation in the rail longitudinal
direction.

[0047] The cooling performed consecutively after the hot rolling is preferably performed by air blast cooling or mist
cooling. Air blast cooling is accelerated cooling in which air is forcefully blown against the rail head. Mist cooling involves
mixing air and water and blowing a water mist against the rail head.

[0048] In order to control and minimize cooling rate variation in the rolling longitudinal direction, in the case of air blast
cooling, for example, it is necessary to control air pressure at intervals of 5 m or less (preferably 3 m or less), adjust air
pressure on-line in accordance with temperature variation of the rail in the longitudinal direction measured before the
cooling, and perform control such that the cooling rate is constant in the length direction. In the case of mist cooling,
cooling is preferably performed by controlling the amount of water and pressure in the longitudinal direction in the same
way as described above.

[0049] Through the above-described chemical composition and performance of the above-described rolling and cool-
ing, a pearlitic steel rail can be obtained that has a surface hardness of preferably HB 400 or greater and that exhibits
surface hardness variation of =HB 15 points or less in the rail length direction. In other words, a homogeneous and
high-hardness pearlitic steel rail that exhibits little hardness variation in the rolling length direction can be obtained.
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EXAMPLES

[0050] Steels having the chemical compositions shown in Table 1 were made and cast steels obtained through con-
tinuous casting thereof were subjected to heating, hot rolling, and cooling to manufacture a 136-pound rail or a 141-
pound rail for each steel. The manufacture conditions are shown together with investigation results for surface hardness
and variation thereof in Table 2. Note that steel composition C and the corresponding manufacturing examples 19 and
20 do not relate to rails falling under the scope of claim 1. The manufacturing examples 17, 20, and 23 do not fall under
the scope of the method of claim 2.
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Herein, the variation in the time interval between passes in the rolling conditions indicates the difference between

[0051]
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the time elapsing from a leading end of a rolled material being rolled to the leading end being next rolled and the time
elapsing from a trailing end of the rolled material being rolled to the trailing end being next rolled. As explained further
above, when rolling is performed by conventional reverse rolling, the time interval between passes is extended for a
rolled top portion and shortened for a rolled bottom portion. Thus, the difference in the time interval between passes for
the leading end (top portion) and the trailing end (bottom portion) of the rolled material is particularly evident in reverse
rolling. In contrast, the difference in the time interval between passes associated with a leading end and a trailing end
of a rolled material is smaller in continuous rolling in a single direction and therefore inhomogeneity of a produced
structure can be resolved as shown in Table 2.

[0052] Note that the cooling start temperature and the cooling stop temperature are results for surface temperature
of a rail corner measured by a thermoviewer. The rail cooling rate is an average value of cooling rates measured from
cooling start and end temperatures and cooling times measured at 5 m intervals in the length direction. With regards to
cooling rate variation in the length direction, it was determined whether the difference between a largest value and a
smallest value in variation of the cooling rates was greater than =1°C/s or was less than or equal to =1°C/s.

[0053] Furthermore, the rail head surface hardness and microstructure of each of the manufactured rails was evaluated.
The rail head surface hardness was evaluated by removing 0.5 mm or greater of a decarburized layer using a grinder
and measuring the Brinell hardness of points at 5 m intervals in the rail length direction. In the same way, microscope
samples were cut out and the microstructures thereof were observed.

[0054] The evaluation results are shown in Table 2.

1"
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[Table 2]

$/Dal 5 UOHBLIPA € $3) JORUOD RE00D UOKIop iUy
S/D0l < UONBUBA €~ ON JOBUCO R0OS Uoud2Ip pluer|

VONBLLCY SRSUILIIA

AT ATRIRNO?) 8 68L s 4 00t 0z8 SaA b 0Z6 131 FAS SNOMENIOD UOROIAP-ARug 0571 v st
gduexs sanereduo) L 15¢ > 50 (23 018 sep | wEqaEy 016 S [ SIONURHIOD UCKSAND-ATAG 051 v vi
Fduneca sAnrereduo] L €15 s LE D79 078 sap | smqay (313 I3 3] SNONUIOD UOYSAP-AINg (X34 v 3]

ELT= [3 533 > 0L 0¥ 018 W@ G 026 oy 71 SO0 TONOoRP -GG 0571 v 7t

gdurny L 554 15 53 3 018 S35, | e Xy 076 s [ STOMARIOD UOQINP-ABN G 0571 v 11
adirexo anneredwo]y 1] 0¥ 1< v'E 09% 018 oN | syqEy 016 Sy L1 SNOMRLOD UOKIIEP-HRg 0£71 v 01
aduexs aperedio]) L1 £0¥ 1< [ sy 0£8 oN 1581q XY 088 St 01 00 UKIOGID-ARug ovZl v 3
gduexs sageiedio]y 81 423 i< (%3 oSty 018 oN | meqay (356 £ [ STORUIRIOD UOGOSIP-ABU G [i#4] ¥ 8

qyduracy L 91F > £g 32 008 sap | weqEy 006 13 8 : 03P -A3UG 0€L1 v L
Fdurexs aAmBIEd0]) 2 6 < L9 33 073 oN i Ov6 St 71 SO0 U0DIBIP-ATNG ovzl ki 9

qdurexy 8 0Ty [E (53 oSt az8 s34 | vYqEY 0£6 Sy 01 SHOMIOD BOGOND-AB g 0z7z1 v 3
e aageeduo) L1 86€ 1< 87 st oLL oN | buqEy 026 S¥ Zl SAONUERIOO BORISED-dag 0811 ¥ ¥
Fdimnxs sneR&I0)) €1 | ow i< cg [ 078 oN | mmqay 056 Sy 71 STORUIHOD UORSAAP-AING [ir44] v £
JAUTX3 AJEREN0]) gl 9Z¥ 1< X3 i3 084 ON 19q XY 046 [33 z BUO1 ISIATY 0E71 ¥ 4
FAexa [PUOGUAAIC ) £7 o 1< Ve (33 09L ON | IBqEY 056 Sr 14 ~ Bugoiauaay or1 v 1

[Ci%Y) (g | &0 | 510a) [GH) Qo) (29) [A] 6] (D)
oIy oot
UOREIER ) ssoupam | wonieLrua aex smeiodus) | onveisdus | Fuwgoos | popmu RaEiadia) | 10 3001 |sessd uanaq) 13m0] 10 D)o0B01 joquiAs |
sy ssxprey sogpms afes 2mo0) dog - wooanp | Fmoon Agangap Je orer [RAISHR UK o Sugor SaOMEI0510 357} aumperxkusg s oN
sogmg | ddeisay | Swoo) ’ o ’ sy | uoponps | wuomenea - ’
yfduer]
ey
SORINS JO SSRIpIEY garkig suogipuss Booy Suompuco Smoy Buxpeagy
ZAqeL

o S e 8 8 8 8 S S 8 8

12



EP 3 124 636 B2

/201 5 UOGRIRA, 4~ S3A JOOUO3 SUOO0D UORP K]
$/0e] < UOHEIRA < ON JONUOD Suj003 UONRLD Y]

Fduwexy L 1y > [ [ (4] sop | sEgay 0£6 s 71 STORURUOD UOGIEP-Aung 0521 N ze
Agonp ;o] - .
adwwxs sanerednos 8 €€ 15 S oty ocs s | BEqEY 06 ¥ FAl STOTRIICD UOROARD-ABuS 0ezt W 1€
“%NMQEQ_ uﬁ T4 £05 1 ¥ ocy alg 34 | wuq Ay 016 37 A SOCTILIUO? TOGIRAD -HBUES oLzl 1 o€
AAUrExs SARIZGLOD) 6 79¢ > [4 0sy 008 sy | Iseqxy 076 3 sl SIOMUTIUOY HOUIBID-ABW § 541 N 67
UODRILIGY ST - ]
AU IIRIRAIOD 9¢ 1344 [ 78 09¢ 3] s34 WA 0£6 142 4 SNONEBUOY UORIAIP-HRTS 05Tl r 8z
AAUEXS MAIRIEAUO) L 5 1> 9 OLY 0cs sap | sgqEy 016 Sy [ SONUOUOY ORI~ G 1741 1 Ll
UODBULIGY SWSETEY o .
dwexa oageredmos $¢ 98 > $€ osy 008 sep | seqay ole 114 ol SIORUIUOD UCARIP-ABurS 0¥zt H 9
AGWEXD 2ANRIEALO] 01 19€ 1> 9¢ o 078 ON | Weqay 076 {2 81 SNONUITOD UOS3AP-(BIS 0£Z1 [5) 54
Spdumexy 8 857 > [4 (14 0£8 ON 15e[q XY 076 s¥ s1 SRONUIKIOD UOIRAP-ABUS (34 4 ¥e
dureg L [A34 (& (23 ory 078 S3A | lsHqay ors i£ ot SHOMEUOY UORIREP-Bg 0¥l q 14
AOUrEXS JANeIRAIO)) zl [ii34 < £ os¥ 018 oN 159 XY 0f6 [ £l STONUGLO? UOGIOID-ABEG (4] El [«
AALEXS JANEIRANO ) 11 (134 I< 3 0Ly 018 ON 18q 2V 06 | Sy [ SNOMIOD UONRAP-ATug [(1%4] [4] 1z
ojdurexy g (132 [ 8¢ oLy 078 sa5 | seqEy 0£6 o 81 SIOMIQUOS UOGAIP-2BUlS [i}¥d} 5] 07
durexo sageredito)) 4] siy i< [%3 3 3] ON weq 1y 06 | sy 81 STOMUIOS UOBISRP-AY 00Tt D 61
pdurey 2 SSy 1> 8¢ 09y 08 53} | BEGAY 056 St zl STONUTUOS HORRIP-{FS 0£z1 d 81
durey L 9¢y > oY 0Ty 0b3 sai | Beq AV 0L o 07 SNOMURUOD UOROSIP-AIWS 0sT1 5 L1
AduExd 3ARERAN0)) 4] 17y i< L€ 0S¥y 058 ON | I8q XY 056 Sy £l STOTURUOS UORIAAP-FBUIS [ir£d] [:] 91
(gH) @) | (20 | {8/30) (Do) (Do) (D0) %) [©] (Do}
Pt ]
ucnELEA | Ssaupiey | uopeiia iodi Joues amseiaduial | 10 J.0001 |sessed usomaq
SISy ssaprey wYns 3Ry wm“,“ QEMW?Q am 3 | Buooo | popu AP je-mes [eAJOIUE S0y 3MOL 10 360001 samyeadun g foquifs ON
wgng | Bessay | Bmoos 00} 1S Bty uoaoeap | Ameo) gy | vonper | wuogewey Y2 SUOI SNOMLIILOS JO 5[] EEN
ey '
Bary
a0gNS JO SSAUpIRY LG SUOIpUOD B0y SuOmpUO oY Sumeay
(PO3) 7 AqBL
© Q 2 Q Q S o S < 3 8

The hardness of rails according to the present invention exhibited extremely small variation of =HB 10 or less

[0055]
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in the rail length direction.

Claims

1. A rail comprising

a chemical composition consisting of, in mass%:

0.60% to 1.0% of C;
0.1% to 1.5% of Si;
0.01% to 1.2% of Mn;
0.035% or less of P;
0.030% or less of S;
0.1% to 2.0% of Cr,

and optionally one or more of

0.006% or less of N;
0.003% or less of O;
0.003% or less of Al
0.003% or less of Nb;
0.003% or less of Ti;
1.0% or less of Cu;
0.5% or less of Ni;
0.5% or less of Mo; and
0.15% or less of V,

the balance being Fe and incidental impurities, wherein
the surface hardness of the head of the rail is HB 400 or greater and the surface hardness of a head of the rail
exhibits variation of =HB 10 points or less in a length direction of the rail.

2. Arail manufacturing method consisting of:

heating to a temperature of between 1200°C and 1300°C, a steel raw material having a chemical composition

consisting of, in mass%:

0.60% to 1.0% of C,
0.1% to 1.5% of Si,
0.01% to 1.5% of Mn,
0.035% or less of P,
0.030% or less of S,
0.1% to 2.0% of Cr,

and optionally one or more of

0.006% or less of N;
0.003% or less of O;
0.003% or less of Al
0.003% or less of Nb;
0.003% or less of Ti;
1.0% or less of Cu;
0.5% or less of Ni;
0.5% or less of Mo; and
0.15% or less of V,

the balance being Fe and incidental impurities;

hot rolling the steel raw material after the heating, the hot rolling being performed continuously in a single
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direction such that rolling in a rail length direction in a temperature region not exceeding 1000°C is performed
over 2 to 7 passes with a difference in the time interval between passes of 15 s or less in the rail length direction,
a cumulative area reduction rate of 40% or greater for a portion forming a rail head, and a finisher delivery
temperature of 900°C or higher; and

cooling the rail head after the hot rolling from a cooling start temperature of 800°C or higher to a cooling stop
temperature of 400°C to 600°C at a cooling rate of 1°C/s to 10°C/s, wherein the cooling rate in the cooling
exhibits variation of = 1°C/s or less in the rail direction.

Patentanspriiche
1. Schiene, mit
einer chemischen Zusammensetzung, die, bezogen auf Massenprozent, besteht aus:

0,60 % bis 1,0 % an C;

0,1 % bis 1,5 % an Si;

0,01 % bis 1,2 % an Mn;
0,035 % oder weniger an P;
0,030 % oder weniger an S;
0,1 % bis 2,0 % an Cr,

und optional aus einem oder mehreren von

0,006 % oder weniger an N;
0,003 % oder weniger an O;
0,003 % oder weniger an Al;
0,003 % oder weniger an Nb;
0,003 % oder weniger an Ti;
1,0 % oder weniger an Cu;

0,5 % oder weniger an Ni;

0,5 % oder weniger an Mo; und
0,15 % oder weniger an V,

wobei der Rest Fe und zuféllige Verunreinigungen sind, wobei
die Oberflachenharte eines Kopfteils der Schiene HB 400 oder gréRer ist und die Oberflachenharte des Kopfteils
der Schiene Schwankungen von =HB 10 Punkten oder weniger in einer Langsrichtung der Schiene aufweist.

2. Verfahren zur Herstellung einer Schiene, bestehend aus:

Aufheizen, auf eine Temperatur zwischen 1200 °C und 1300 °C, eines Stahlrohmaterials mit einer chemischen
Zusammensetzung, bezogen auf Massenprozent, bestehend aus:

0,60 % bis 1,0 % an C;

0,1 % bis 1,5 % an Si;

0,01 % bis 1,5 % an Mn;
0,035 % oder weniger an P;
0,030 % oder weniger an S;
0,1 % bis 2,0 % an Cr,

und optional aus einem oder mehreren von

0,006 % oder weniger an N;
0,003 % oder weniger an O;
0,003 % oder weniger an Al;
0,003 % oder weniger an Nb;
0,003 % oder weniger an Ti;
1,0 % oder weniger an Cu;
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0,5 % oder weniger an Ni;
0,5 % oder weniger an Mo; und
0,15 % oder weniger an V,

wobei der Rest Fe und zufallige Verunreinigungen sind;

HeiBwalzen des Stahlrohmaterials nach dem Erwarmen, wobei das HeilRwalzen kontinuierlich in einer einzigen
Richtung derart ausgefuhrt wird, dass das Walzen in einer Schienenlangsrichtung in einem Temperaturgebiet,
das 1000 °C nicht Uibersteigt, iber 2 bis 7 Durchlaufe miteinem Unterschied im Zeitintervall zwischen Durchlaufen
von 15 s oder weniger in der Schienenlangsrichtung, mit einer kumulativen Flachenreduktionsrate von 40 %
oder groRer fir einen Bereich, der einen Schienenkopf bildet, und mit einer Endbearbeitungsbereitstellungs-
temperatur von 900 °C oder hdher ausgefiihrt wird; und

Abkihlen des Schienenkopfes nach dem Heillwalzen von einer Abkiihlanfangstemperatur von 800 °C oder
hoher bis zu einer Abklihlendtemperatur von 400 °C bis 600 °C bei einer Abkiihlrate von 1 °C/s bis 10 °C/s,
wobei die Abkihlrate beim Abkulhlen eine Schwankung von *= 1 °C/s oder weniger in der Schienenrichtung
aufweist.

Revendications
1. Rail comprenant
une composition chimique constituée, en % en masse, de :

0,60% a1,0% de C;
0,1 % a 1,5 % de Si;
0,01 % a 1,2% de Mn ;
0,035 % ou moins de P ;
0,030 % ou moins de S ;
0,1 % a 2,0 % de Cr,

et éventuellement I'un ou plus de

0,006 % ou moins de N ;
0,003 % ou moins de O ;
0,003 % ou moins d’Al ;
0,003 % ou moins de Nb ;
0,003 % ou moins de Ti ;
1,0 % ou moins de Cu ;
0,5 % ou moins de Ni ;
0,5 % ou moins de Mo ; et
0,15 % ou moins de V,

le reste étant du Fe et des impuretés inévitables,
la dureté de surface de la téte du rail étant égale ou supérieure a 400 HB et la dureté de surface d’une téte du
rail présentant une variation de = 10 points HB ou moins dans un sens de la longueur du rail.

2. Procédé de fabrication d’un rail consistant a :

chauffer, a une température entre 1200 °C et 1300 °C, une matiere premiére d’acier ayant une composition
chimique constituée, en % en masse, de :

0,60% a1,0% de C;
0,1 % a 1,5 % de Si;
0,01 % a 1,5 % de Mn ;
0,035 % ou moins de P ;
0,030 % ou moins de S ;
0,1 % a 2,0 % de Cr,

16



10

15

20

25

30

35

40

45

50

55

EP 3 124 636 B2
et éventuellement I'un ou plus de

0,006 % ou moins de N ;
0,003 % ou moins de O ;
0,003 % ou moins d’Al ;
0,003 % ou moins de Nb ;
0,003 % ou moins de Ti ;
1,0 % ou moins de Cu ;
0,5 % ou moins de Ni ;
0,5 % ou moins de Mo ; et
0,15 % ou moins de V,

le reste étant du Fe et des impuretés inévitables,

laminer a chaud la matiere premiére d’acier apres le chauffage, le laminage a chaud étant effectué en continu
dans une seule direction de sorte que le laminage dans un sens de la longueur du rail dans une zone de
température ne dépassant pas 1000 °C est effectué en 2 a 7 passes avec une différence d’intervalle de temps
entre passes de 15 s ou moins dans le sens de la longueur du rail, un taux de réduction de surface cumulé
égal ou supérieur a 40 % pour une partie formant une téte de rail, et une température en sortie de finissage
égale a supérieure a 900 °C ; et

refroidir la téte de rail aprés le laminage a chaud depuis une température de début de refroidissement de 800
°Couplusjusqu’aunetempérature d’arrét de refroidissement de 400 °C a 600 °C a une vitesse de refroidissement
de 1 °C/s a 10 °C/s, la vitesse de refroidissement lors du refroidissement présentant une variation de = 1 °C/s
ou moins dans le sens du rail.
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