20127161635 AT I 000 00RO OO0 00

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/161635 Al

29 November 2012 (29.11.2012) WIPO | PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
C21D 1/20 (2006.01) C23C 8/32(2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
C21D 9/36 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
. . HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
PCT/SE2012/000079 MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(22) International Filing Date: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
22 May 2012 (22.05.2012) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
(84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW MZ, NA, RW, SD, SL, SZ, TZ,
1100418-1 25 May 2011 (25.05.2011) SE UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for all designated States except US): AK- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
TIEBOLAGET SKF [SE/SE]; S-415 50 Géteborg (SE). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventor; and ML, MR, NE, SN, TD, TG)
(75) Inventor/Applicant (for US only): LUND, Thore ? T T ’
[SE/SE]; Lundgatan 14, S-416 61 Géteborg (SE). Declarations under Rule 4.17:
(74) Agent: GENTZEL, Marcus; SKF Patent Department —  of inventorship (Rule 4.17(iv))

31

Gdteborg, S-415 50 Goteborg (SE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

Published:

with international search report (Art. 21(3))

(54) Title: METHOD FOR HEAT TREATING A STEEL COMPONENT

a) Carbonitride

!

b) Cool

|

c) Re-heat

|

d) Quench

!

!

e) Perform bainite transformation at a
temperature above the martensite
temperature, transform 25-99% of the
austeniute into bainite, and then increase
the temperature.

above the initial martensite formation
temperature (Ms), and lower the initial
temperature (T1) to a temperature (T2)

f) Hold at an initial temperature (T+)

that is below the initial martensite

formation temperature (Ms) but above the
actual martensite formation temperature
during the bainite transformation.

Fig. 8

(57) Abstract: Method for heat treating a steel component (28, 36) comprising the steps of: a) carbonitriding the steel component
(28, 36) at a temperature of 930-970°C, b) cooling the steel component (28, 36), d) re-heating the steel component (28, 36) to a tem -
perature of 780-820°C and d) quenching the steel component (28, 36). The method comprises the step of either e) performing a bain -
ite transtormation at a temperature just above the martensite formation temperature, transforming 25-99% of the austenite into bain -
ite at the temperature and then increasing the temperature to speed up the transformation of the remaining austenite into bainite, or f)
holding the steel component (28, 36) at an initial temperature (T;) above the initial martensite formation temperature (Ms), and
lowering the initial temperature (T1) to a temperature (T2) that is below the initial martensite formation temperature (Ms) but above
the actual martensite formation temperature during the bainite transformation.
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Method for heat treating a steel component

TECHNICAL FIELD

The present invention concerns a method for heat treating a steel component. The
present invention also concerns a steel component that has been subjected to such a
method.

BACKGROUND OF THE INVENTION

The nacelle of a wind turbine usually comprises a plurality of bearings, for a rotor shaft,
gearbox, electrical generator, yaw gearbox, yaw slewing table, blade pitch revolving seat
and/or hydraulic pump for example. The bearing loads and rotating speeds to which such
bearings are subjected during their use vary considerably due to changing wind speeds
and directions. At wind speeds below the cut-in wind speed (i.e. the minimum wind speed
required for power generation) a rotor shaft will idle, resulting in low speed, low load
operation. At wind speeds above the cut-in speed the rotor shaft will rotate, resulting in
high speed, high load operation. The bearings of a wind turbine may therefore be
subjected to repeated start, acceleration, deceleration and stop operations. Furthermore,
the bearing may be exposed to the elements and airborne particles, such as sand
particles, and will therefore need to be of high strength and hardness.

Carbonitriding is a metallurgical surface modification technique that is used to increase
the surface hardness of metal components, thereby reducing the wear of the components
during use. During the carbonitriding process, atoms of carbon and nitrogen diffuse
interstitially into the metal, creating barriers to slip and increasing the hardness near the
surface, typically in a layer that is 0.1 to 0.3 mm thick. Carbonitriding is usually carried out
a temperature of 850-860 °C. Carbonitriding is normally used to improve the wear
resistance of steel components comprising low or medium carbon steel, and not high
carbon steel. Although steel components comprising high carbon steel are stronger, they
have been found to be more susceptible to cracking in certain applications.

SUMMARY OF THE INVENTION

An object of the invention is to provide an improved method for heat treating a steel
component.
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This object is achieved by a method that comprises the steps of:

a) carbonitriding the steel component at a temperature of 930-970°C, i.e. a temperature
higher than the usual carbonitriding temperature, in order to dissolve all carbides,

b) cooling the steel component to a temperature below the A, transformation temperature,
c) re-heating the steel component to a temperature of 780-820°C, i.e. a temperature
higher than the A, transformation temperature and lower than the carbonitriding
temperature, and

d) quenching the steel component, in a quenching medium bath, such as a salt bath,
polymer solution or oil,

and either

e) performing a bainite transformation at a temperature just above the martensite
formation temperature, transforming 25-99% of the austenite into bainite at the
temperature and then increasing the temperature to speed up the transformation of the
remaining austenite into bainite,

or

f) holding the steel component at an initial temperature (T,) above the initial martensite
formation temperature (Ms), preferably just above the initial martensite formation
temperature (Ms), i.e. within 50°C and preferably with 20°C of the initial martensite
formation temperature (Ms). This depresses the actual martensite formation temperature.
The method then comprises the step of lowering the initial temperature (T;) to a
temperature (T,) that is below the initial martensite formation temperature (Ms) but above
the actual martensite formation temperature during the bainite transformation. Martensitic
transformation is thereby avoided at all times. According to an embodiment of the
invention step f) comprises subsequently raising the temperature from (T,) to a
temperature (Ts) that is above the initial martensite formation temperature (Ms) during the

bainite transformation.

Such a method, in which a steel component is subjected to either step e) or step f) after a
carbonitriding process, has been found to counteract brittleness caused by carbonitriding.
Step e) and step f) have namely been found to create compressive stresses at the surface
of a carbonitrided steel component, which increases its fatigue strength and service life
since it is more difficult for cracks to initiate or propagate in a compressively stressed
zone. Compressive stresses are namely beneficial in increasing resistance to fatigue
failures, corrosion fatigue, stress corrosion cracking, hydrogen assisted cracking, fretting,
galling and erosion caused by cavitation.
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By firstly carbonitriding the steel component, the surface of the steel will have a Rockwell
hardness HRC of at least 60 and comprise a considerable quantity of fine carbides, i.e.
carbides having a maximum longitudinal dimension of 0.2-0.3 um. Changing the
microstructure of the surface of the steel component in this way improves it wear
resistance and enhances its ability to relax stress concentration at the edges of any
indentations in its surface. By carrying out the carbonitiriding step at a temperature in the
given temperature range, the steel component may be provided with a carbonitrided layer
having a depth measured from the surface of the steel component of 0.3-1.2 mm,
whereby the carbonitrided layer contains only carbides having a maximum longitudinal
dimension of 0.2-0.3 pym and no carbides having a longer maximum longitudinal

dimension.

Using method step e) it is then possible to increase the fatigue strength of the
carbonitrided steel component and provide bainite hardening which reduces the bainite
transformation time without reducing the hardness. Using method step e) instead of a
conventional isothermal bainite transformation allows the process time required to achieve
a given hardness to be shortened, or, for a given transformation time, for the hardness to
be increased. According to an embodiment of the invention step e) comprises
transforming 50-90% of the austenite to bainite before increasing the temperature for
speeding up the transformation of the remaining austenite into bainite.

Alternatively, using method step f) instead of a conventional isothermal bainite
transformation, it is possible to increase the fatigue strength of the carbonitrided steel
component and to increase the hardness of the bainite formed during the bainite
transformation for a given transformation time.

The hardness of the bainite formed is almost the same as the hardness of martensite
while the advantages of a bainitic structure over a martensitic structure (e.g. higher
toughness, higher crack propagation resistance, etc.) are maintained. Furthermore,
reducing the bainite transformation temperature during the bainite transformation reduces
manufacturing costs as compared to isothermal bainite transformation, and consequently
makes the bainite transformation more energy efficient. Method step f) is based on the
insight that the martensite formation temperature (Ms) decreases during the bainite
transformation and that this may be utilized to lower the bainite transformation
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temperature to a temperature below the initial martensite formation temperature (Ms)
during the bainite transformation in order to form harder bainite.

According to a further embodiment of the invention step f) comprises transforming at least
15 - 40 % of the austenite into bainite at a temperature (T;) above the initial martensite
formation temperature (Ms) before lowering the temperature (T;) to a temperature (T,)
below the initial martensite formation temperature (Ms) but above the actual martensite
formation temperature.

According to an embodiment of the invention step f) comprises maintaining the
temperature (T;) above the initial martensite formation temperature (Ms) until complete
bainite transformation is achieved. Alternatively, a steel component may be quenched
after a bainite transformation of 85%, 90% or 95% has been achieved.

According to another embodiment of the invention step a) comprises carbonitriding the
steel component at a temperature of 930-970°C for 5-10 hours.

According to a further embodiment of the invention the steel component comprises steel
with a carbon content of 0.6 to 1.20 weight %, such as a high carbon bearing steel such
as SAE 52100/Gd3 or Gd2.

According to an embodiment of the invention the steel component comprises steel with a
carbon content of 0.2 to 0.6 weight %, such as ASTM A516 Grade 55.

According to an embodiment of the invention the steel that contains, by weight, max 20
ppm S and max 15 ppm O and includes sulphide inclusions whereby less than 5% of the
sulphide inclusions contain encapsulated or embedded oxide inclusions.

According to another embodiment of the invention the steel comprises max 10 ppm O or
max 8 ppm O.

According to a further embodiment of the invention the steel comprises an element
selected from the group: Ca, Mg, Te or a lanthanide, such as Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb or Lu. According to a further embodiment of the invention the
steel comprises, by weight, 10-30 ppm of an element selected from the group above.
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The addition of such an element to steel after the sulphur content has been reduced to a
level substantially of the same order as the oxygen content, will reduce the total number
of sulphide inclusions remaining in the steel and/or it will modify the shape of the
remaining inclusions into one that is less detrimental to mechanical properties in the final
bearing component, (tellurium for example spherodizes the sulphide inclusions). It has
namely been found that the addition of such an element to steel will result in less than 5%
of the sulphide inclusions containing encapsulated or embedded oxide inclusions. The
addition of such an element will also result in all of the sulphide inclusions having an
aspect ratio of less than 3:1 (i.e. the ratio of the inclusion’s largest diameter to the
inclusion’s shortest diameter) and in the maximum sulphide inclusion length being 125 pm
at a Reduced Variate equal to 3 evaluated using the ASTM E2283-03 Extreme Value
Analysis Standard. Such sulphide inclusions are less damaging to a steel component as
regards its fatigue properties. Furthermore, the absence of sulphide inclusions having an
aspect ratio greater than 3:1 and having a maximum length greater than 125 um gives the
steel more uniform properties in all directions and thereby reduces directional anisotropy
in the steel.

According to a further embodiment of the invention the steel component constitutes at
least part of one of the following: a ball bearing, a roller bearing, a needle bearing, a
tapered roller bearing, a spherical roller bearing, a toroidal roller bearing, a ball thrust
bearing, a roller thrust bearing, a tapered roller thrust bearing, a wheel bearing, a hub
bearing unit, a slewing bearing, a ball screw, or a component for an application in which it
Is subjected to alternating Hertzian stresses, such as rolling contact or combined rolling
and sliding and/or an application that requires high wear resistance and/or increased
fatigue and tensile strength. The component may include or constitute gear teeth, a cam,
shaft, bearing, fastener, pin, automotive clutch plate, tool, a die or any part of a gearbox
(such as a planetary gearbox, adjustable speed drive or continuously variable
transmission).

According to an embodiment of the invention, as a result of the method, the steel
component is provided with a carbonitrided layer having a thickness (d) of 0.3-1.2 mm
whereby all of the carbides in the carbonitrided layer have a maximum longitudinal
dimension of 0.2-0.3 um.
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According to another embodiment of the invention the steel component is provided with a
carbonitrided layer having a ratio (d:D) of depth (d) of the carbonitrided layer measured
from the surface of the steel componeni to maximum transverse dimension (D) of the
steel component of 1: 4000 to 1: 17,000 or more. The method according to the present
invention may be used to provide a component of any size with a carbonitrided layer. The
method is however particularly suitable for providing a large component, having a
maximum transverse dimension of a few metres for example, with a carbonitrided layer
since the higher carbonitriding temperature provides a carbonitrided layer with greater
depth;: whereby part of the carbonitrided layer may be ground away during the
manufacture of the component without substantially affecting the wear resistance of the

component.

According to a further embodiment of the invention, as a result of the method, the steel
component has a substantially bainitic structure and a hardness of at least 62 HRC.

The present invention also concerns a steel component that has been subjected to a
method according to a method according to any of the embodiments of the invention. The
method according to the present invention may be used to treat a steel component for use
in a wind turbine application. The method and steel component are not however
exclusively intended to treat a steel component for use in a wind turbine application but
may be used in any application that requires a steel component with high wear resistance
and/or increased fatigue and tensile strength. The component may for example be used in

automotive marine, metal producing or other machine applications.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be further explained by means of non-limiting
examples with reference to the appended figures where;

Figure 1 shows steps a) - d) of a method according to an embodiment of the present
invention,

Figure 2 shows a bainite transformation method according to the prior art,

Figure 3 shows a bainite transformation according to step €) of a method according

to an embodiment of the present invention,
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Figure 4 shows a bainite transformation according to step e) of a method according

to an embodiment of the present invention,

Figure 5 shows a bainite transformation according to step f) of a method according
to an embodiment of the present invention,

Figures 6 & 7 show steel components according to embodiments of the invention, and

Figure 8 shows a flow chart of a method according to the present invention.

it should be noted that the drawings have not been drawn to scale and that the
dimensions of certain features have been exaggerated for the sake of clarity.

DETAILED DESCRIPTION OF EMBODIMENTS

Figure 1 shows steps a) - d) of a method according to the present invention. The
illustrated method comprises the steps of a) carbonitriding a steel component at a
temperature of 930-970°C for 5-10 hours. The process environment may be provided by
the introduction of methane/propane/natural gas (for carbon) and ammonia (for nitrogen)
into a furnace in the presence of a controlled carrier gas. By maintaining the proper ratios
of the working gases, the component is provided with a thin carbonitrided layer of carbon-
and nitrogen-rich steel.

According to an embodiment of the invention the method includes supplying a higher
concentration of ammonia at the beginning of the carbonitriding step a) to boost the
carbonitriding process. For example, 9.5% ammonia may be used initially; this may be
lowered to 6.5% ammonia and then 0%. 9.5% ammonia may be used for about 70% of
the carbonitriding step a).

The component is then cooled to a temperature below the A, transformation temperature
(step b)) and then re-heated to a temperature of 780-820°C (step c)), i.e. a temperature
higher than the A; transformation temperature and lower than the carbonitriding
temperature, and is subsequently quenched (step d)) to achieve the full case hardness.
Quenching may be carried out in an oil or salt bath with bath temperatures selected to
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achieve the optimum properties with acceptable levels of dimensional change. Hot oil/salt
bath quenching can be used to minimize distortion of intricate parts.

Figure 2 shows a plot of temperature versus log time for three conventional bainite
transformation heat treatments i, ii, ii. Ms denotes the temperature at which martensite
starts to form. Bs denotes the start of bainite transformation and Bf denotes the end of
bainite transformation. Steel is firstly austenitized and then quenched. The steel is then
isothermally tempered by heating at a temperature just above the martensite formation
temperature (Ms).

Conventionally, in order to obtain maximum hardness, a tempering temperature close to
the initial martensite formation temperature (Ms) has been used (plot iii in figure 2).
However, this results in a very long transformation time which is not economical. The
transformation time may be reduced by increasing the temperature at which the steel is
tempered (plot i in figure 2). However, this will reduce the hardness of the bainite formed.

Figure 3 shows a bainite transformation according to step e) of a method according to an
embodiment of the present invention, in which a bainite transformation is performed on a
steel component that has been subjected to steps a)-d) of a method according to an
embodiment of the present invention, at a temperature just above the martensite
formation temperature (Ms). 60-80% of the austenite is transformed into bainite at that
temperature and then the temperature is increased to speed up the transformation of the
remaining austenite into bainite. The dotted line in figure 3 shows a conventional
isothermal bainite transformation which gives the same hardness but requires a

significantly longer transformation time.

Figure 4 shows a bainite transformation according to step e) of a method according to an
embodiment of the present invention, whereby the dotted line shows a conventional
isothermal bainite transformation with the same transformation time but which gives a
significantly lower hardness.

Figure 5 shows a bainite transformation according to step f) of a method according to an
embodiment of the present invention in which a steel component, that has been subjected
to steps a)-d) of a method according to an embodiment of the present invention, is held at
an initial temperature (T,) above the initial martensite formation temperature (Ms). The
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initial temperature (T,) is then lowered to a temperature (T,) that is below the initial
martensite formation temperature (Ms) but above the actual martensite formation
temperature during the bainite transformation. According to an embodiment of the
invention 50-90% of the austenite is transformed to bainite before increasing the
temperature to T3 to speed up the transformation of the remaining austenite to bainite.

After a steel component has been subjected to method steps a), b), c), d), and e), or
method steps a), b), ¢), d), and f) the component is cooled to room temperature and may
then be used in any application in which it is likely to be subjected to stress, strain, impact

and/or wear under a normal operational cycle.

Figure 6 shows an example of a steel component according to an embodiment of the
invention, namely a rolling element bearing 28 that may range in size from 10 mm
diameter to a few metres diameter and have a load-carrying capacity from a few tens of
grams to many thousands of tonnes. The bearing 28 according to the present invention
may namely be of any size and have any load-carrying capacity. The bearing 28 has an
inner ring 30 and an outer ring 32 and a set of rolling elements 34. The inner ring 30, the
outer ring 32 and/or the rolling elements 34 of the rolling element bearing 28, and
preferably at least part of the surface of all of the rolling contact parts of the rolling
element bearing 28 may be subjected to a method according to the present invention.

Figure 7 shows a component 36, namely a shaft shown in cross section, according to an
embodiment of the invention. The component 36 has been provided with a carbonitrided
layer 38 on its outer surface using a method according to an embodiment of the invention.
The depth of the carbonitrided layer 38 measured from the surface of the component 36 is
d and the maximum transverse dimension of the component 36 (the diameter of the shaft
in this case) is D. The ratio (d:D) of the thickness d of the carbonitrided layer 38 to the
maximum transverse dimension D of the component 36 is 1:4000-17,000 or more.

A steel component according to the present invention may be manufactured from steel
having the following composition:

0.70-0,95 weight-% carbon
0.05-1.5 weight-% silicon
0.15-0.50 weight-% manganese
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0.5-25 weight-% chromium

0.10-1.5 weight-% molybdenum

max. 0.25 weight-% vanadium

the remainder being Fe, and normally occurring impurities comprising 10-30 ppm Ca, max
20 ppm S and max 15 ppm O, preferably max 10 ppm O or most preferably max 8 ppm O.

About 1% of the sulphide inclusions of such steel contains encapsulated or embedded
oxide inclusions. On the contrary, in standard steel, about 80% of the steel's sulphide
inclusions contain encapsulated or embedded oxide inclusions. It has been found that the
fatigue strength (measured in rotating beam tests at 950 MPa) of a steel component
according to the present invention is substantially higher than the fatigue strength of
standard steel.

Figure 8 is a flow diagram which outlines the steps a)-f) of a method according to an
embodiment of the present invention.

Further modifications of the invention within the scope of the claims would be apparent to
a skilled person.
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CLAIMS

1. Method for heat treating a steel component (28, 36) comprising the steps of:
a) carbonitriding the steel component (28, 36) at a temperature of 930-970°C
b) cooling the steel component (28, 36),
¢) re-heating the steel component (28, 36) to a temperature of 780-820°C and
d) quenching the steel component (28, 36),
characterized in that the method comprises the step of either
e) performing a bainite transformation at a temperature above the martensite
formation temperature, transforming 25-99% of the austenite into bainite at that
temperature and then increasing the temperature to speed up the transformation of
the remaining austenite into bainite, or
f) holding the steel component (28, 36) at an initial temperature (T;) above the initial
martensite formation temperature (Ms), and lowering the initial temperature (T,) to a
temperature (T,) that is below the initial martensite formation temperature (Ms) but
above the actual martensite formation temperature during the bainite transformation.

2.Method according to claim 1, characterized in that step e) comprises transforming 50-
90% of the austenite to bainite before increasing the temperature for speeding up the
transformation of the remaining austenite into bainite.

3. Method according to claim 1, characterized in that step f) comprises subsequently
raising the temperature from (T,) to a temperature (T;) that is above the initial martensite
formation temperature (Ms) during the bainite transformation.

4 Method according to claim 3, characterized in that step f) comprises the step of
transforming at least 15 - 40 % of the austenite into bainite at a temperature (T,) above
the initial martensite formation temperature (Ms) before lowering the temperature (T;) to a
temperature (T) below the initial martensite formation temperature (Ms) but above the
actual martensite formation temperature.

A method according to claim 3 or 4, characterized in that step f) comprises the step
of maintaining the temperature (T;) above the initial martensite formation temperature
(Ms) until complete bainite transformation is achieved.
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6.Method according to any of the preceding claims, characterized in that step a)
comprises carbonitriding the steel component (28, 36) at a temperature of 930-970°C for
5-10 hours.

7. Method according to any of the preceding claims, characterized in that the steel
component (28, 36) comprises steel with a carbon content of 0.6 to 1.20 weight %.

8.Method according to any of claims 1-6, characterized in that the steel component (28,
36) comprises steel with a carbon content of 0.2 to 0.6 weight %.

9. Method according to any of the preceding claims, characterized in that said steel
comprises, by weight, max 20 ppm S and max 15 ppm O and in that said steel includes
sulphide inclusions and less than 5% of the sulphide inclusions contain encapsulated or
embedded oxide inclusions.

10. Method according to claim 9, characterized in that said the maximum length of said

sulphide inclusions is 125 um at a Reduced Variate equal to 3.

11. Method according to claim 9 or 10, characterized in that said steel comprises max
10 ppm O or max 8 ppm O.

12. Method according to claim 9 or 10, characterized in that all of said suiphide
inclusions have an aspect ratio less than 3:1.

13. Method according to any of the preceding claims characterized in that said steel
comprises an element selected from the group: Ca, Mg, Te, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb or Lu.

14. Method according to claim 13, characterized in that said steel comprises, by weight,
10-30 ppm of said element.

15.Method according to any of the preceding claims, characterized in that the steel
component (28, 36) constitutes at least part of one of the following: a ball bearing, a roller
bearing, a needle bearing, a tapered roller bearing, a spherical roller bearing, a toroidal
roller bearing, a ball thrust bearing, a roller thrust bearing, a tapered roller thrust bearing,
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a wheel bearing, a hub bearing unit, a slewing bearing, a ball screw, or a component for
an application in which it is subjected to alternating Hertzian stresses, such as rolling
contact or combined rolling and sliding and/or an application that requires high wear

resistance and/or increased fatigue and tensile strength.

16. Method according to any of the preceding claims, characterized in that as a result of
the method, the steel component (28, 36) is provided with a carbonitrided layer having a
thickness (d) of 0.3-1.2 mm whereby all of the carbides in the carbonitrided layer have a

maximum longitudinal dimension of 0.2-0.3 um.

17. Method according to any of the preceding claims, characterized in that as a result of
the method, the steel component (28, 36) is provided with a carbonitrided layer having a
ratio (d:D) of depth (d) of the carbonitrided layer measured from the surface of the steel
component (28, 36) to maximum transverse dimension (D) of the steel component (28,
36) of 1: 4000 to 1: 17,000 or more.

18. Method according to any of the preceding claims, characterized in that as a result of
the method, the steel component (28, 36) has a substantially bainitic structure and a

hardness of at least 62 HRC.

19. Steel component (28, 36), characterized in that it has been subjected to a method
according to any of the preceding claims.

20. Use of a steel component (28, 36) according to claim 19 in a wind turbine application.
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