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EP 3 040 435 B9
Description
TECHNICAL FIELD
[0001] The present invention relates to a rolled round steel material for a steering rack bar, and a steering rack bar.
BACKGROUND ART

[0002] Among automobile components, a steering rack bar (also simply referred to as "rack bar" hereinafter) used in
a steering device is an important component serving as a backbone that changes the traveling direction of a car and
connects right and left wheels, and if this steering rack bar is damaged, a steering wheel cannot be operated. Thus, a
steel material used for a rack bar needs to be very reliable.

[0003] It should be noted that a rack bar has been conventionally manufactured by performing thermal refining, namely
hardening and tempering, performing drawing processing as required thereafter, and performing punching and gear
cutting through cutting processing on a round steel material obtained by rolling a medium-carbon steel material, and
then performing induction hardening and tempering on the tooth-shaped portions. It should be noted that the rolled round
steel material means a steel material whose cross-section is processed into a circular shape by rolling, and gear cutting
means forming tooth-shaped portions.

[0004] In addition, it is required that a rack bar that has undergone the induction hardening does not break due to a
crack in an induction hardening layer developing in a base material, even when an excessive load is applied thereto.
[0005] Furthermore, deep hole drilling is performed on the rack bar in the lengthwise direction of a central portion in
the diameter direction.

[0006] Therefore, a round steel material used as the raw material for a rack bar needs to have good machinability and
excellent base material impact properties (base material toughness) that resist crack development.

[0007] Inventors of the present invention proposed the following steel material, for example, as a steel material used
in such a steering rack bar.

[0008] Patent Document 1 discloses a rolled steel material for induction hardening that contains, in mass%, C in an
amount of 0.38 to 0.55%, Si in an amount of 1.0% or less, Mn in an amount of 0.20 to 2.0%, P in an amount of 0.020%
or less, S in an amount of 0.10% or less, Cr in an amount of 0.10 to 2.0%, Al in an amount of 0.10% or less, N in an
amount of 0.004 to 0.03%, the remaining portion being constituted by Fe and impurities, and has a chemical component
in which the value of fn 1 expressed by the equation [fn 1=C+(1/10)Si+(1/5)Mn+(5/22)Cr+1.65V-(5/7)S] (where C, Si,
Mn, Cr, V, and S in the equation respectively express the amounts of the elements in mass%) is 1.20 or less, the
microstructure being constituted by ferrite, lamellar pearlite, and spheroidal cementite, the average crystalline particle
diameter of the ferrite being 10 wm or less, the area percentage of lamellar pearlite with a lamellar interval of 200 nm
or less with respect to the microstructure of the lamellar pearlite being in a range of 20 to 50 %, and the number of pieces
of spheroidal cementite is 4X10° pieces/mm?2 or more.

[0009] It should be noted that this rolled steel material for induction hardening may further contain at least one selected
from Cu, Ni, Mo, Ti, Nb, and V.

[0010] Patent Document 2 discloses a rolled steel material for induction hardening that contains, in mass%, C in an
amount of 0.38 to 0.55%, Si in an amount of 1.0% or less, Mn in an amount of 0.20 to 2.0%, P in an amount of 0.020%
or less, S in an amount of 0.10% or less, Cr in an amount of 0.10 to 2.0%, in an amount of 0.010 to 0.10%, N in an
amount of 0.004 to 0.03%, the remaining portion being constituted by Fe and impurities, and has a chemical component
in which the value of Ceq expressed by the equation [Ceq=C+(1/10)Si+(1/5)Mn+(5/22)Cr+1.65V-(5/7)S] (where C, Si,
Mn, Cr, V, and S in the equation respectively express the amounts of the elements in mass%) is 1.20 or less, the total
content of Si, Mn, and Cr satisfying 1.2 to 3.5%, the microstructure being constituted by ferrite, lamellar pearlite, and
spheroidal cementite, and the average crystalline particle diameter of the ferrite being 10 um or less, the area percentage
of lamellar pearlite with respect to the microstructure being in a range of 20% or less (including 0%), and the number of
pieces of spheroidal cementite being 6x105 pieces/mm?2 or more.

[0011] It should be noted that this rolled steel material for induction hardening may further contain at least one selected
from Cu, Ni, Mo, Ti, Nb, and V.

[0012] Patent Document 3 describes a rolled steel material for induction hardening. The rolled steel material has a
microstructure composed of ferrite, lamellar pearlite and spheroidal cementite.

LIST OF PRIOR ART DOCUMENTS
PATENT DOCUMENT

[0013]
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Patent Document 1: JP 2011-214130A
Patent Document 2: JP 2011-241466A
Patent Document 3: JP 2010-168624A

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0014] There has been increasing demand for a rolled round steel material for a steering rack bar, and a steering rack
bar having a higher base material toughness for preventing damage and higher machinability for forming a deep hole
compared to the rolled steel material proposed in Patent Documents 1 and 2.

[0015] An object of the present invention is to provide a rolled round steel material that can be favorably used as a
raw material for a rack bar that undergoes induction hardening and a rack bar made of the same. In particular, an object
of the present invention is to provide a rolled round steel material having an excellent base material toughness and
machinability without adding high-cost elements or performing thermal refining, and a rack bar made of the same.
Furthermore, an object of the present invention is to provide a rolled round steel material in which a deep hole can be
easily formed in a lengthwise direction of the central portion in the diameter direction and a rack bar that prevents a
crack that has appeared from developing.

[0016] It should be noted that a high base material toughness, which is an object of the present invention, means that
in the state of a rolled steel material, the impact value obtained in a Charpy impact test at a test temperature of 25°C
with a standard test piece (referred to as "V notch Charpy impact test piece" hereinafter) defined in JIS Z 2242 (2005),
which has a width of 10 mm and a V notch with a notch angle of 45 degrees, a notch depth of 2 mm, and a notch bottom
radius of 0.25 mm, is 160 J/cm2 or more. If the impact value obtained with the above-described test piece at a test
temperature of 25°C is 160 J/cm?2 or more, it is possible to secure a much higher level of safety at the time of traveling
in an environment in which there is a high possibility of a steering rack bar being damaged, that is, rough road traveling,
for example.

MEANS FOR SOLVING THE PROBLEMS

[0017] In order to resolve the above-described issues, the inventors performed various laboratory experiments re-
garding a means for obtaining a high base material toughness and securing good machinability of the central portion
without performing thermal refining on medium-carbon steel.

[0018] Specifically, first, the inventors studied a means for improving the base material toughness, referenced on a
microstructure constituted by ferrite and lamellar pearlite. As a result, the following findings were obtained.

(A) If ferrite is formed to have a fine structure and is extended in a direction parallel to the rolling direction, and
cementite in lamellar pearlite is formed into spheroidal cementite so that its microstructure contains lamellar pearlite
in an amount of less than a specific percentage and spheroidal cementite in a specific amount or more, a resistance
to cracks developing in the cross-section perpendicular to the rolling direction is increased, resulting in an increase
in the base material toughness.

Next, the inventors studied the influence of the structure on machinability when a deep hole is formed, referenced
on the microstructure constituted by ferrite and lamellar pearlite. As a result, the following findings were obtained.
(B) If the microstructure contains an excessive amount of spheroidal cementite, cutting resistance increases due to
deterioration of chippability and machinability deteriorates. On the other hand, in the case where the structure
contains lamellar pearlite in a specific percentage or more and spheroidal cementite in less than a specific amount,
cutting resistance decreases due to an increase in chippability, and therefore the rolled round steel material has
excellent machinability.

In view of this, in order to further improve both base material toughness and machinability, the inventors further
studied the influence of element components. As a result, the following findings were obtained.

(C) S binds to Mn to form MnS, resulting extension in the longitudinal direction of the steel material (direction parallel
to the rolling direction) and an improvement in toughness. Moreover, if the steel material contains a specific amount
of S, cutting resistance decreases due to improvement in chippability, and thus the machinability become favorable.
In view of this, based on the findings of (A) to (C) described above, more detailed studies were performed. As a
result, the following important findings were obtained.

(D) A portion that requires the base material toughness for preventing damage as a rolled round steel material for
a steering rack bar is a region extending from the surface of the round steel material to a position located a distance
of 1/2 the radius therefrom. Therefore, in the case of a rolled round steel material having a microstructure constituted
by ferrite, lamellar pearlite, and cementite, if the microstructure in the above-described region is constituted by fine
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ferrite thatis extended in the direction parallel to the rolling direction, a specific percentage or less of lamellar pearlite,
and a specific amount or more of spheroidal cementite, a base material toughness for preventing damage can be
obtained.

(E) On the other hand, if the microstructure contains lamellar pearlite in an amount of a specific percentage or more
and spheroidal cementite in less than a specific amount in the central portion of the rolled round steel material
constituted by ferrite, lamellar pearlite, and cementite, excellent machinability can be obtained.

Furthermore, based on the findings of (A) to (E) above, in order to achieve a further improvement in toughness,
specifically, in order that in the state of the rolled steel material, the impact value that is obtained in the Charpy
impact test with a V notch Charpy impact test piece at a test temperature of 25°C reached to 160 J/cm?2 or more,
the inventors studied the influence of element components. As a result, the following findings were obtained.

(F) B has properties of suppressing release of strain at a high temperature and suppressing segregation of P and
S in austenite grain boundaries at the time of induction hardening by strengthening grain boundaries. As a result,
the toughness further increases.

[0019] The present invention was made based on the above-described findings, and comprises a rolled round steel
material for a steering rack bar, and a steering rack bar, which will be described later.

(1) A rolled round steel material for a steering rack bar, comprising: in mass%, C in an amount of 0.38 to 0.55%; Si
in an amount of 1.0% or less; Mn in an amount of 0.20 to 2.0%; S in an amount of 0.005 to 0.10%; Cr in an amount
of 0.01 to 2.0%; in an amount of 0.003 to 0.10%; B in an amount of 0.0005 to 0.0030%; Ti in an amount of 0.047%
or less; Cuin an amount of 0 to 1.0%; Ni in an amount of 0 to 3.0%; Mo in an amount of 0 to 0.50%; Nb in an amount
of 0 t0 0.10%; V in an amount of 0 to 0.30%; Ca in an amount of 0 to 0.005%; and Pb in an amount of 0 to 0.30%,
a remaining portion being constituted by Fe and impurities, the impurities containing P in an amount of 0.030% or
less and N in an amount of 0.008% or less, and the rolled round steel material having a chemical composition
satisfying Equation (1) below,

3.AN<Ti<3.4N+0.02 - - - (1)

where a symbol of an element indicates a content of the element in mass%,

in which a microstructure is constituted by ferrite, lamellar pearlite, and cementite, in a cross-section perpendicular
to a rolling direction, in a region extending from a surface to a position located a distance of 1/2 the radius therefrom,
an average particle diameter of the ferrite is 10 wm or less, an area percentage of the lamellar pearlite is less than
20%, a number of pieces of spheroidal cementite of the cementite is 4x105 pieces/mm2 or more, and, in a central
portion, an area percentage of the lamellar pearlite is 20% or more and a number of pieces of spheroidal cementite
of the cementite is less than 4 x 10° pieces/mm2, and in a cross-section that passes through a centerline of the round
steel material and is parallel to the rolling direction, an average aspect ratio of the ferrite in a region extending from
a surface to a position located a distance of 1/2 the radius therefrom is 3 or more.

(2) The rolled round steel material for a steering rack bar according to (1) above, comprising, in mass%, at least
one selected from Cu in an amount of 0.05 to 1.0%, Ni in an amount of 0.05 to 3.0%, and Mo in an amount of 0.05
to 0.50%.

(3) The rolled round steel material for a steering rack bar according to (1) above, comprising, in mass%, at least
one selected from Nb in an amount of 0.010 to 0.10% and V in an amount of 0.01 to 0.30%.

(4) The rolled round steel material for a steering rack bar according to (1) above, comprising, in mass%, at least
one selected from Ca in an amount of 0.0005 to 0.005% and Pb in an amount of 0.05 to 0.30%.

(5) A steering rack bar in which the rolled round steel material for a steering rack bar according to any of (1) to (4)
above is used without thermal refining.

[0020] ‘“Impurities" indicate substances coming from ore, which is the raw material, scraps, the manufacturing envi-
ronment, or the like, when a steel material is industrially manufactured.

[0021] "Spheroidal cementite" indicates cementite having a ratio of a major axis L to a minor axis W (L/W) that is 2.0
or less.

[0022] "Central portion" indicates a portion extending from the center to a position located a distance of 1/4 the radius
therefrom.

[0023] "Use without thermal refining" indicates use without performing "thermal refining", namely, hardening and tem-
pering.
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ADVANTAGEOUS EFFECTS OF THE INVENTION

[0024] It is not necessary for the rolled round steel material for a steering rack bar of the present invention to contain
high-cost V, and even if thermal refining is not performed, the rolled round steel material has good machinability for
forming a deep hole in the central portion and a high base material toughness, or in other words, the impact value
obtained in the Charpy impact test with a V notch Charpy impact test piece at a test temperature of 25°C in the state of
the rolled round steel material is 160 J/cm?2 or more, and therefore the rolled round steel material is favorably used as
the raw material for a steering rack bar.

[0025] In addition, the steering rack bar of the present invention can be obtained by using the above-described rolled
round steel material for a steering rack bar without thermal refining.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

[Figure 1] FIG. 1 is a diagram schematically illustrating the direction of a notch of a V notch Charpy impact test piece
collected from a steel bar in Working Example 1.

[Figure 2] FIG. 2 is a diagram illustrating the shape of a test piece that is collected from a steel bar that has undergone
drawing processing and imitates a steering rack bar used in a three-point bending test in Working Example 2. In
FIG. 2, (a) is a front view (overall view), (b) is a side view, and (c) is an enlarged view of cross-section A-A of a
tooth-shaped portion. It should be noted that the unit of the dimension in FIGS. 2(a) to 2(c) is "mm".

[Figure 3] FIG. 3 is a diagram schematically illustrating a method of the three-point bending test that was performed
in Working Example 2.

MODE FOR CARRYING OUT THE INVENTION

[0027] Hereinafter, essential elements of the present invention will be described in detail. It should be noted that "%"
of the content of each element means "mass%" in the following description.

1. Chemical composition:
C: 0.38t0 0.55%

[0028] C has properties of improving the strength and induction hardenability of steel and the strength of a quench-
hardened layer formed by induction hardening. However, if the content of C is less than 0.38%, desired effects resulting
from the properties cannot be obtained. On the other hand, if the content of C exceeds 0.55%, the base material toughness
decreases. Therefore, the content of C is set to 0.38 to 0.55%. It should be noted that in order to stably obtain the above-
described effects, the content of C is preferably set to 0.40% or more. Also, the content of C is preferably set to 0.51%
or less.

Si: 1.0% or less

[0029] Siisadeoxidizing element, and is an element for improving the strength of ferrite by solid-solution strengthening.
However, if the content of Si exceeds 1.0%, the machinability decreases and it becomes difficult to form a deep hole.
Therefore, the content of Si is set to 1.0% or less. The content of Si is preferably set to 0.8% or less.

[0030] It should be noted that Al, which will be described later, also has deoxidizing properties, and therefore it is not
necessary to define the lower limit of the content of Si, in particular. However, in order to reliably secure the strength
with the above-described solid-solution strengthening properties of Si, the content of Si is preferably set to 0.03% or
more and more preferably set to 0.10% or more.

Mn: 0.20 to 2.0%

[0031] Mn binds to S to form MnS, and has properties of reducing cutting resistance by increasing machinability,
especially chippability required when a deep hole is formed, and has effects of increasing toughness due to extended
MnS suppressing crack development. In addition, Mn is an element that is effective in improvement in induction hard-
enability and improves the strength of ferrite by solid-solution strengthening. However, if the content of Mn is less than
0.20%, desired effects resulting from the above-described properties cannot be obtained. On the other hand, if the
content of Mn exceeds 2.0%, the machinability decreases and it becomes difficult to form a deep hole. Therefore, the
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content of Mn is set to 0.20 to 2.0%. It should be noted that in order to stably obtain the above-described effects with a
lower cost for alloy, the content of Mn is preferably set to 0.40% or more and 1.50% or less.

S: 0.005to 0.10%

[0032] S is an important element in the present invention. S binds to Mn to form MnS, and has properties of reducing
cutting resistance by increasing machinability, especially chippability required when a deep hole is formed, and has
effects of increasing toughness due to extended MnS suppressing crack development. However, if the content of S is
less than 0.005%, such effects cannot be obtained. On the other hand, if the content of S increases and MnS is formed
excessively, the toughness conversely decreases. Therefore, the content of S is set to 0.005 to 0.10%. It should be
noted that the content of S is preferably set to 0.010% or more and more preferably set to 0.015% or more. Also, the
content of S is preferably set to 0.08% or less.

Cr:0.01 t0 2.0%

[0033] Cris an element that is effective in improvement in induction hardenability and improves the strength of ferrite
by solid-solution strengthening, and therefore it is necessary for the content of Cr to be 0.01% or more. However, if the
content of Cr exceeds 2.0%, the machinability decreases and it becomes difficult to form a deep hole. Therefore, the
content of Cris setto 0.01 to 2.0%. It should be noted that the content of Cr is preferably set to 0.05% or more and more
preferably set to 0.10% or more. In addition, the content of Cr is preferably set to 1.8% or less.

Al: 0.003 to 0.10%

[0034] has deoxidizing properties. However, if the content of Al is less than 0.003%, desired effects resulting from the
above-described properties cannot be obtained. On the other hand, if the content of exceeds 0.10%, induction harden-
ability significantly decreases, which incurs deterioration of the base material toughness as well. Therefore, the content
of is set to 0.003 to 0.10%. It should be noted that the content of is preferably set to 0.08% or less. On the other hand,
in order to stably obtain the deoxidizing effects of Al, the content of Al is preferably set to 0.005% or more and more
preferably set to 0.10% or more.

B: 0.0005 to 0.0030%

[0035] B suppresses the release of strain at a high temperature by strengthening grain boundaries and has properties
ofimproving induction hardenability and properties of suppressing the segregation of P and S in austenite grain boundaries
at the time of induction hardening, and as a result, the toughness significantly increases. The above-described effects
are significant when the content of B is 0.0005% or more. However, if the content of B exceeds 0.0030%, the above-
described effects are not further improved and the costincreases. Therefore, the content of Biis setto 0.0005 to 0.0030%.
The content of B is preferably set to 0.0010% or more and 0.0020% or less.

Ti: 0.047% or less

[0036] Ti preferentially binds to N, which is the element of impurities in the steel, and fixes N so that the formation of
BN is suppressed and B is present as solid-solution B. Therefore, Tiis an element that is effective in securing the above-
described effects of B strengthening grain boundaries, improving induction hardenability, and suppressing the segrega-
tion of P and S in austenite grain boundaries at the time of induction hardening. However, if the content of Ti exceeds
0.047%, the base material toughness significantly decreases. Therefore, the content of Ti is set to 0.047% or less.

Cu:0t0 1.0%

[0037] Cu has properties of improving induction hardenability and increasing base material toughness, and therefore
Cu may be included in order to improve the base material toughness. However, if the content of Cu exceeds 1.0%, the
machinability decreases and it becomes difficult to form a deep hole. Therefore, the content of Cu in the case of being
included is set to 1.0% or less. It should be noted that the content of Cu is preferably set to 0.80% or less.

[0038] On the other hand, in order to stably obtain the above-described base material toughness improving effects of
Cu, the content of Cu is preferably set to 0.05% or more and more preferably set to 0.10% or more.
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Ni: 0 to 3.0%

[0039] Ni has properties of improving induction hardenability and increasing base material toughness, and therefore
Ni may be included in order to improve the base material toughness. However, if the content of Ni exceeds 3.0%, the
machinability decreases and it becomes difficult to form a deep hole. Therefore, the content of Ni in the case of being
included is set to 3.0% or less. It should be noted that the content of Ni is preferably set to 2.0% or less.

[0040] On the other hand, in order to stably obtain the above-described base material toughness improving effects of
Ni, the content of Ni is preferably set to 0.05% or more and more preferably set to 0.10% or more.

Mo: 0 to 0.50%

[0041] Mo has properties of improving induction hardenability and increasing base material toughness, and therefore
Mo may be included in order to improve the base material toughness. However, if the content of Mo exceeds 0.50%,
the machinability decreases and it becomes difficult to form a deep hole. Therefore, the content of Mo in the case of
being included is set to 0.50% or less. It should be noted that the content of Mo is preferably set to 0.40% or less.
[0042] On the other hand, in order to stably obtain the above-described base material toughness improving effects of
Mo, the content of Mo is preferably set to 0.05% or more and more preferably set to 0.10% or more.

[0043] It should be noted that the rolled round steel material may contain one or more of the above-described Cu, Ni,
and Mo. It should be noted that although the total amount of these elements may be 4.50%, the total amount thereof is
preferably set to 3.20% or less.

Nb: 0 to 0.10%

[0044] Nb binds to C or N in the steel to form carbide or carbonitride, and has properties of refining crystal grains.
Also, Nb has properties of improving the strength of steel. However, if the content of Nb exceeds 0.10%, a decrease in
the toughness is incurred in addition to the effects being not further improved and the cost increasing. Therefore, the
content of Nb in the case of being included is set to 0.10% or less. It should be noted that the content of Nb is preferably
set to 0.08% or less.

[0045] On the other hand, in order to stably obtain the crystal grain refining effects of Nb, the content of Nb is preferably
set to 0.010% or more and more preferably set to 0.015% or more.

V: 010 0.30%

[0046] V binds to C or N in the steel to form carbide or carbonitride, and has properties of refining crystal grains. Also,
V has properties of improving the strength of steel. However, if the content of V exceeds 0.30%, a decrease in the
toughness is incurred in addition to the effects being not further improved and the cost increasing. Therefore, the content
of V in the case of being included is set to 0.30% or less. It should be noted that the content of V is preferably set to
0.25% or less.

[0047] On the other hand, in order to stably obtain the crystal grain refining effects of V, the content of V is preferably
set to 0.01% or more and more preferably set to 0.02% or more.

[0048] It should be noted that the rolled round steel material may contain one or both of Nb and V described above.
It should be noted that although the total amount of these elements may be 0.40%, the total amount thereof is preferably
set to 0.33% or less.

Ca: 0to 0.005%

[0049] Ca has properties of improving the machinability of steel. Therefore, Ca may be included as required. However,
if the content of Ca exceeds 0.005%, hot workability decreases, resulting in a decrease in manufacturability. Therefore,
the content of Ca in the case of being included is set to 0.005% or less. The content of Ca is preferably set to 0.0035%
or less.

[0050] On the other hand, in order to stably obtain the above-described machinability improving effects of Ca, the
content of Ca is desirably set to 0.0005% or more.

Pb: 0 to 0.30%
[0051] Similarly to Ca, Pb has properties of improving the machinability of steel. Therefore, Pb may be included as

required. However, if the content of Pb exceeds 0.30%, the above-described machinability improving effects are not
further improved, hot workability decreases excessively, and it becomes difficult to perform manufacturing. Therefore,
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the content of Pb in the case of being included is set to 0.30% or less.

[0052] On the other hand, in order to stably obtain the above-described machinability improving effects of Pb, the
content of Pb is desirably 0.05% or more.

[0053] It should be noted that the rolled round steel material may contain one or both of Ca and Pb described above.
The total content of these elements is preferably 0.30% or less.

[0054] The chemical composition of the rolled round steel material for a steering rack bar of the present invention is
such that the remaining portion is constituted by Fe and impurities, the impurities contain P in an amount of 0.030% or
less and N in an amount of 0.008% or less, and the following expression is satisfied.

3.AN<Ti<3.4N+0.02 - - - (1)

P: 0.030% or less

[0055] P is included in the steel as the impurities, causes grain boundary segregation and center segregation, and
incurs a decrease in the base material toughness, and in particular, if the content of P exceeds 0.030%, the base material
toughness significantly decreases. Therefore, the content of P is set to 0.030% or less. It should be noted that the content
of P is preferably set to 0.020% or less.

N: 0.008% or less

[0056] N is also included in the steel as the impurities. N has a high affinity for B and in the case of binding to B in the
steel to form BN, effects of strengthening grain boundaries, effects of improving induction hardenability, and effects of
suppressing segregation of P and S in the austenite grain boundaries at the time of induction hardening resulting from
the steel containing B cannot be achieved. In particular, if the content of N exceeds 0.008% due to an increase in the
content of N, the above-described effects resulting from the steel containing B cannot be obtained. Therefore, the content
of N is set to 0.008% or less.

34AN<Ti<3.4N+0.02

[0057] A rolled round steel material for a steering rack bar according to the present invention is to have a chemical
composition satisfying the following expression.

3.AN<Ti<3.4N+0.02 - - - (1)

[0058] As described above, the symbol of an element in the above-described expression (1) indicates the content of
the element in mass%.

[0059] This is because even if the content of Ti and the content of N are respectively in the above-described ranges,
in the case where the content of Ti is less than [3.4N], the N in the steel is not sufficiently fixed by Ti and the N binds to
B to form BN, and therefore the above-described effects of B cannot be sufficiently exhibited, whereas if the content of
Ti exceeds [3.4N+0.02], a reduction in the toughness of the base material cannot be avoided.

2. Microstructure:

[0060] The microstructure of the rolled round steel material of the present invention is constituted by ferrite, lamellar
pearlite, and cementite, in a cross-section perpendicular to the rolling direction, in a region extending from the surface
to a position located a distance of 1/2 the radius therefrom, the average particle diameter of the ferrite is to be 10 um
or less, the area percentage of the lamellar pearlite is to be less than 20%, and the number of pieces of spheroidal
cementite of the cementite is to be 4 X 105 pieces/mm?2 or more, and furthermore, in a central portion, the area percentage
of the lamellar pearlite is to be 20% or more and the number of pieces of spheroidal cementite of the cementite is to be
less than 4x105 pieces/mm?2, and moreover in a cross-section that passes through the centerline of the round steel
material and is parallel to the rolling direction, the average aspect ratio of the ferrite in the region extending from the
surface to the position located a distance of 1/2 the radius therefrom is to be 3 or more.

[0061] In the case of the rolled round steel material of the present invention, if the average particle diameter of ferrite
in the region extending from the surface to the position located a distance of 1/2 the radius therefrom exceeds 10 pum
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in the cross-section perpendicular to the rolling direction, itis difficult to obtain a target base material toughness. Therefore,
the above-described average particle diameter of ferrite is set to 10 um or less. It should be noted that the above-
described average particle diameter of ferrite is preferably set to 8 um or less.

[0062] An extremely small average particle diameter of ferrite is preferable for achieving strengthening by crystal grain
refining, but special processing conditions or facilities are needed to form crystal grains on the order of sub-microns and
it is thus difficult to realize the formation of such crystal grains on an industrial scale. Therefore, the lower limit of the
above-described average particle diameter of ferrite at a size that can be realized industrially is about 1 um.

[0063] It should be noted that it is sufficient that the above-described average particle diameter of ferrite in the region
extending from the surface to the position located a distance of 1/2 the radius therefrom in the cross-section perpendicular
to the rolling direction is obtained by obtaining ferrite particle diameters at three locations, namely, at a position located
1 mm from the surface of the rolled round steel material, a position located at a distance of 1/4 the radius from the surface
(hereinafter, referred to as "R/4 position", and it should be noted that "R" indicates the radius of the rolled round steel
material and the same applies to the following), and a position located at a distance of 1/2 the radius from the surface
(hereinafter, referred to as "R/2 position"), and then finding the arithmetic mean of the ferrite particle diameters at these
three locations, for example.

[0064] In addition, in the case of the rolled round steel material of the present invention, if the area percentage of
lamellar pearlite in the region extending from the surface to the position located a distance of 1/2 the radius therefrom
is 20% or more in the cross-section perpendicular to the rolling direction, a decrease in the base material toughness is
incurred. Therefore, the above-described area percentage of lamellar pearlite is set to less than 20%. The above-
described area percentage of lamellar pearlite is preferably 15% or less and may be 0%.

[0065] It should be noted that it is sufficient that the area percentage of lamellar pearlite in the region extending from
the surface to the position located a distance of 1/2 the radius therefrom in the above-described cross-section perpen-
dicular to the rolling direction is obtained by obtaining area percentages of lamellar pearlite at three locations, namely,
at a position located 1 mm from the surface of a rolled round steel material, and the R/4 position and the R/2 position,
and then finding an arithmetic mean of the three area percentages of lamellar pearlite at these three locations, forexample.
[0066] Furthermore, in the case of the rolled round steel material of the present invention, if the number of pieces of
spheroidal cementite in the region extending from the surface to the position located a distance of 1/2 the radius therefrom
is less than 4 10% pieces/mm? in the cross-section perpendicular to the rolling direction, a decrease in the base material
toughness is incurred. Therefore, the above-described number of pieces of spheroidal cementite is set to 4 105 piec-
es/mm?2 or more. The above-described number of pieces of spheroidal cementite is preferably 5.0 105 pieces/mm?2 or
more and 1.0x10'2 pieces/mm? or less.

[0067] It should be noted that it is sufficient that the number of pieces of spheroidal cementite in the region extending
from the surface to the position located a distance of 1/2 the radius therefrom in the above-described cross-section
perpendicular to the rolling direction is obtained by obtaining the respective numbers of pieces of spheroidal cementite
at three locations, namely, at the position located 1 mm from the surface of the rolled round steel material, and the R/4
position and the R/2 position, and then finding the arithmetic mean of the numbers of pieces of spheroidal cementite at
these three locations, for example.

[0068] Furthermore, in the case of the rolled round steel material for a steering rack bar of the present invention, if the
area percentage of lamellar pearlite in a central portion is less than 20% in the cross-section perpendicular to the rolling
direction, the chippability decreases due to an increase in the toughness, that is, the machinability decreases due to an
increase in the cutting resistance. Therefore, the above-described area percentage of lamellar pearlite is set to 20% or
more. The above-described area percentage of lamellar pearlite is preferably 25% or more and 80% or less. As described
above, "central portion" indicates a portion extending from the center to a position located a distance of 1/4 the radius
therefrom.

[0069] It should be noted that it is sufficient that the area percentage of lamellar pearlite in the central portion in the
above-described cross-section perpendicular to the rolling direction is obtained by obtaining the respective area per-
centages of lamellar pearlite at two locations, namely, at a position located a distance of 3/4 the radius from the surface
of the rolled round steel material (referred to as "3R/4 position" hereinafter), and at the center, and then finding the
arithmetic mean of the obtained area percentages of lamellar pearlite at these two locations.

[0070] In the case of the rolled round steel material of the present invention, if the number of pieces of spheroidal
cementite in the central portion is 4X10° pieces/mm?2 or more in the cross-section perpendicular to the rolling direction,
the chippability decreases due to an increase in the toughness and a decrease in the machinability is incurred due to
an increase in the cutting resistance. Therefore, the above-described number of pieces of spheroidal cementite is set
to less than 4x105 pieces/mm2. Although the above-described number of pieces of spheroidal cementite may be 0
pieces/mm?2, the above-described number of pieces of spheroidal cementite may be preferably 1x102 pieces/mm?2 or
more and 3% 105 pieces/mm?2 or less.

[0071] It should be noted that it is sufficient that the number of pieces of spheroidal cementite in the central portion in
the above-described cross-section perpendicular to the rolling direction is obtained by obtaining the respective numbers
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of pieces of spheroidal cementite at two locations, namely, at the 3R/4 position and the center of the rolled round steel
material, and then finding the arithmetic mean of the numbers of pieces of spheroidal cementite at these two locations.
[0072] In the case of the rolled round steel material of the present invention, if the average aspect ratio of ferrite in the
region extending from the surface to the position located a distance of 1/2 the radius therefrom is less than 3 in the
cross-section that passes through the centerline of the round steel material and is parallel to the rolling direction, cracks
are likely to develop in the cross-section perpendicular to the rolling direction, which incurs a decrease in the toughness.
Therefore, the above-described aspect ratio of ferrite is set to 3 or more. The above-described average aspect ratio of
ferrite is preferably 4 or more and 45 or less.

[0073] Itshould be noted thatitis sufficient that the average aspect ratio of ferrite in the above-described cross-section
that passes through the centerline of the round steel material and is parallel to the rolling direction is obtained by obtaining
the respective average aspect ratios of ferrite at three locations, namely, at the position located 1 mm from the surface
of the rolled round steel material, and the R/4 position and the R/2 position, and then finding the arithmetic mean of the
obtained average aspect ratios of ferrite at these three locations, for example.

[0074] The above-described microstructure of the rolled round steel material of the present invention can be obtained
by hot rolling and cooling a rolling material having the above-described chemical composition, as shown below, for
example.

[0075] As the hot rolling method, a completely continuous hot rolling method including two or more hot rolling steps
is favorable for manufacturing the rolled round steel material for a steering rack bar of the present invention. Thus, the
following description is given based on rolling performed by the above-described completely continuous hot rolling
method (simply referred to as "completely continuous hot rolling" hereinafter).

[0076] After a rolling material having the above-described chemical composition is heated to a temperature range of
670 to 880°C, the completely continuous hot rolling is started.

[0077] If the heating temperature is higher than 880°C, there are cases in which, in the cross-section perpendicular
to the rolling direction, strain is likely to be released and at least one of the ferrite average particle diameter, the lamellar
pearlite area percentage, and the number of pieces of spheroidal cementite in the region extending from the surface to
a position located a distance of 1/2 the radius therefrom does not satisfy the conditions described in the section "2.
Microstructure”. Also, if the heating temperature is lower than 670°C, there are cases in which, in the above-described
cross-section, at least one of the lamellar pearlite area percentage and the number of pieces of spheroidal cementite in
the central portion does not satisfy the above-described microstructure conditions.

[0078] Therefore, itis necessary that the completely continuous hot rolling is started after a rolling material having the
above-described chemical composition is heated to a temperature range of 670 to 880°C.

[0079] Itshould be noted that in heating at the above-described temperature range of 670 to 880°C, which is performed
before hot rolling, there are cases in which heat treatment is performed for a long period of time in order to not only
increase the temperature of the rolling material (raw material) to a predetermined region but also uniformize the tem-
perature of the raw material in the cross-section, and in this case, ferrite decarburization may occur on the raw material
surface. Therefore, in order to suppress the above-described ferrite decarburization, the heating time at the above-
described temperature range is preferably set to 3 hours or less.

[0080] It is necessary that the completely continuous hot rolling performed after the raw material is heated to the
above-described temperature range is set to satisfy the following conditions [1] and [2].

[1] The surface temperature of the rolling material is 500 to 820°C and the cumulative reduction of area in a tem-
perature range of 650 to 820°C is 30% or more and the cumulative reduction of area in a temperature range of
500°C or more to less than 650°C is 35% or more. It should be noted that the above-described "surface temperature
of the rolling material" does not include the surface temperature of a rolling material during an intercooling step,
which will be described later.

[2] Letting the completely continuous hot rolling end point be "v (m/s)", that is, a rolling material speed on the final
rolling mill exit side (referred to as "finishing speed" hereinafter), the total reduction of area in the completely con-
tinuous hot rolling be "Rd (%)", and the rolling material heating temperature be "T (°C)", equation fn (1), which is
expressed below, satisfies 0 or more.

fn (1) = v\Rd/100—(1000-T)/100

It should be noted that the "total reduction of area" indicates the value (%) obtained using the expression {(Ag-As)/Ag}
X100, where the cross-section of a rolling material before rolling in the completely continuous hot rolling is Ao and
the cross-section after the rolling material exits from the final rolling mill is A.

10
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[0081] Regarding [1], if the surface temperature of the rolling material exceeds 820°C during rolling, there are cases
in which strain is likely to be released and in the cross-section perpendicular to the rolling direction, at least one of the
ferrite average particle diameter, the lamellar pearlite area percentage, and the number of pieces of spheroidal cementite
in the region extending from the surface to a position located a distance of 1/2 the radius therefrom does not satisfy the
above-described conditions described in the section "2. Microstructure". Also, in the case where the above-described
temperature is lower than 500°C, the mill load significantly increases and fractures are likely to occur during rolling.
Therefore, the surface temperature of a rolling material during rolling is 500 to 820°C.

[0082] In addition, if the cumulative reduction of area in a temperature range of 650 to 820°C is less than 30%, there
are cases in which, in the cross-section perpendicular to the rolling direction, at least one of the ferrite average particle
diameter, the lamellar pearlite area percentage, and the number of pieces of spheroidal cementite in the region extending
from the surface to the position located a distance of 1/2 the radius therefrom does not satisfy the above-described
microstructure conditions. In order to prevent excessive extension of manufacturing lines, the upper limit of the above-
described cumulative reduction of area in the above-described temperature range of 650 to 820° is about 99.5%.
[0083] Also, if the cumulative reduction of area in a temperature range of 500°C or more to less than 650°C is less
than 35%, there are cases in which one or both of the average aspect ratio of ferrite in the region extending from the
surface to the position located a distance of 1/2 the radius therefrom in the cross-section that passes through the
centerline of the rolling material and is parallel to the rolling direction, and the number of pieces of spheroidal cementite
in the region extending from the surface to the position located a distance of 1/2 the radius therefrom in the cross-section
perpendicular to the rolling direction does not satisfy the above-described microstructure conditions. In order to prevent
excessive extension of manufacturing lines, the upper limit of the cumulative reduction of area in a temperature range
of 500°C or more to less than 650°C is about 80%.

[0084] [2]is an equation obtained by experience so that the microstructure of the central portion in the cross-section
perpendicular to the rolling direction is a microstructure described in the section "2. Microstructure”. If fn (1) is less than
0, there are cases in which, in the cross-section perpendicular to the rolling direction, one or both of the lamellar pearlite
area percentage and the number of pieces of spheroidal cementite of the central portion does not satisfy the above-
described microstructure conditions.

[0085] When the rolled round steel material for a rack bar according to the present invention is rolled, intercooling
such as water cooling may be performed in an intermediate step. It should be noted that there are cases in which the
surface temperature of a rolling material temporarily becomes lower than 500°C in the intercooling step. However, even
if the surface temperature of the rolling material falls below 500°C due to the cooling, if the next rolling step is started
after the temperature returns to 500°C or more due to sensible heat of the inside of the rolling material, it may be assumed
that the influence of the surface temperature of the rolling material temporarily being lower than 500°C due to cooling
is eliminated. Also, if austenite of the rolling material that is not transformed is transformed into a hard phase such as
martensite or bainite, there are cases in which the microstructure defined in the present invention cannot be obtained.
In order to prevent this, desirably, the intercooling step is cooling such that a time At starting from when the surface
temperature of the rolling material becomes temporarily lower than 500°C to when the surface temperature returns to
500°C or more is 10 seconds or less. Furthermore, in order to achieve manufacturing of rolled round steel materials by
completely continuous hot rolling, which is more stably, preferably, the intercooling step is a cooling step in which At is
8 seconds or less.

[0086] Afterthe completely continuous hot rolling is performed in the above-described manner to process the material
into a predetermined shape, it is preferable to perform final cooling under the condition that the surface cooling speed
is 0.5 to 200°C/s in a temperature range to 500°C.

[0087] If the surface cooling speed in the above-described range is less than 0.5°C/s after the completely continuous
hot rolling ends, there are cases in which, in the cross-section perpendicular to the rolling direction, one or both of the
lamellar pearlite area percentage and the number of pieces of spheroidal cementite of the central portion does not satisfy
the conditions described in the section "2. Microstructure", whereas if the surface cooling speed exceeds 200°C/s,
austenite that is not transformed is transformed into a hard phase such as martensite or bainite.

[0088] Hereinafter, the present invention will be described specifically by means of examples.

EXAMPLE
(Working Embodiment 1)

[0089] Square billets (each billet has a length of 10 m and a 160 mmXx160 mm square shape) made of steels A to Z
having the chemical compositions shown in Table 1 were prepared.
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[0090] The above-described square billets were rolled by a completely continuous hot rolling line equipped with cooling
equipment under the conditions shown in Test Number 1 to 34 of Table 2 into steel bars having a diameter of 34 mm.
Specifically, each square billet was processed by a rough rolling mill line to have a diameter of 60 mm and processed
by an intermediate rolling mill line to have a diameter of 50 mm, then processed by a finishing rolling mill line into a steel
bar having a diameter of 34 mm, and hot rolling having a "total reduction of area (Rd)" of 96.4% was performed.
[0091]

¢ Rough rolling mill line: constituted by eight rolling mills,

* Intermediate rolling mill line: constituted by four rolling mills,

¢ Finishing rolling mill line: constituted by four rolling mills,

e Cooling zone: installed between the eighth rolling mill of the rough rolling mill line and the first rolling mill of the
intermediate rolling mill line, and between the fourth rolling mill of the intermediate rolling mill line and the first rolling
mill of the fishing rolling mill line.

[0092] It should be noted that the surface temperature of the rolling material during rolling and the surface temperature
of the rolling material in a cooling step performed after the completely continuous hot rolling ended were measured using
a radiation thermometer, and a time At’ starting after a cooling step that was performed intermediately to when the
subsequent rolling step was started was measured.

[0093] After the completely continuous hot rolling ended, that is, after rolling that was performed by the fourth rolling
mill of the finishing rolling mill line was stopped, a cooling speed was controlled by allowing the steel bars to be cooled
in the air or by changing a cooling medium, such as wind cooling, so that the steel bars were finally cooled to 500°C. It
should be noted that the subsequent cooling was performed in the air.

[0094] In Table 2, the rough rolling mill line, the intermediate rolling mill line, and the finishing rolling mill line are
respectively expressed as "rough line", "intermediate line", and "finishing line".

[0095] It should be noted that "entering temperatures" and "exiting temperatures” of the rough line, intermediate line,
and finishing line columns shown in Table 2 respectively indicate the surface temperatures of the rolling material imme-
diately before the rolling material entered the rough line, intermediate line, and finishing line, and the surface temperature
immediately after the rolling material exited therefrom, the temperature being measured using a radiation thermometer,
and the cooling speed after rolling to 500°C being obtained with the above-described surface temperature of the rolling
material that were measured using the radiation thermometer and the cooling time to 500°C that was required.

[0096] It should be noted that, with regard to Test Numbers 1 to 34, the time At’ starting after the cooling step that was
performed intermediately to when the subsequent rolling step was started was 8 seconds or less in all cases.
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[0097] Furthermore, with regard to each steel bar obtained in the above-described manner, the microstructure, tensile
properties, impact properties, and machinability were studied with the method described below.

[0098] A test piece having a length of 20 mm was cut out from each steel bar having a diameter of 34 mm, was
embedded in a resin such that the cross-section perpendicular to the rolling direction of this test piece and the cross-
section that passes through the centerline and is parallel to the rolling direction respectively served as the testing surfaces,
and was mirror-polished.

[0099] A nitric acid and alcohol solution (nital liquid, 3%) was first used to corrode the cross-section perpendicular to
the rolling direction so that the microstructure appeared, and the microstructure was observed with a scanning electron
microscope (referred to as "SEM" hereinafter) to identify phases and study the average particle diameter of ferrite and
the area percentage of lamellar pearlite.

[0100] Specifically, with regard to the microstructure in a region extending from the surface to a position located a
distance of 1/2 the radius therefrom, microstructures at three locations in total, namely, at a position located 1 mm from
the surface, a position located 4.25 mm from the surface (R/4 position), and a position located 8.5 mm from the surface
(R/2 position), were observed with the SEM at a magnification of 2000x, in 12 fields of view in total, that is, in 4 fields of
view in 90-degree increments in the circumferential direction at each location, to identify phases constituting the micro-
structure, and the average particle diameter of ferrite and the area percentage of lamellar pearlite were obtained by
image analysis software with the captured images. Similarly, with regard to a microstructure in the central portion,
microstructures at two locations in total, namely, at a position located 12.75 mm from the surface (3R/4 position) and
the center position, were observed by the SEM at a magnification of 2000x, in 5 fields of view in total, that is, in 4 fields
of view in 90-degree increments in the circumferential direction at the 3R/4 position and 1 field of view at the center
position, to identify phases constituting the microstructure, and the average particle diameter of ferrite and the area
percentage of lamellar pearlite were obtained by the image analysis software with the captured images.

[0101] Next, after the sample that was corroded by the above-described nital liquid was mirror-polished again, the
mirror-polished sample was corroded with a picric acid and alcohol solution (picral liquid), observed with the SEM, and
the numbers of pieces of spheroidal cementite per area of 1 mm?2 in the region extending from the surface to the position
located a distance of 1/2 the radius therefrom and the central portion were respectively studied. Specifically, with regard
to the region extending from the surface to the position located a distance of 1/2 the radius therefrom, the microstructures
at three locations in total, namely, at the above-described position located 1 mm from the surface, and the above-
described R/4 and R/2 positions, were observed with the SEM at a magnification of 5000x, in 12 fields of view in total,
that is, in 4 fields of view in 90-degree increments in the circumferential direction at each location, and a major axis L
and a minor axis W of each cementite were individually measured by the image analysis software with the captured
images, and then the number of pieces of cementite having a L/W of 2.0 or less, that is, the number of pieces of spheroidal
cementite was counted to ultimately calculate the number of pieces of spheroidal cementite per area of 1 mm?2 (piec-
es/mm?2). Similarly, with regard to the central portion, microstructures at the above-described two locations in total,
namely, at the 3R/4 position and the center position, were observed with the SEM at a magnification of 5000x, in 5 fields
of view in total, that is, in 4 fields of view in 90-degree increments in the circumferential direction at the 3R/4 position
and 1 field of view at the center position, and the number of pieces of spheroidal cementite per area of 1 mm?2 was
calculated by the image analysis software with the captured images.

[0102] On the other hand, with regard to the cross-section that passes through the centerline and is parallel to the
rolling direction, mirror-polishing was performed and electropolishing was then performed, and the electropolished cross-
section was observed by an electron backscatter diffraction pattern method (referred to as "EBSD" hereinafter).
[0103] Specifically, with regard to the microstructure in the region extending from the surface to the position located
a distance of 1/2 the radius therefrom, the above-described microstructures at three locations in total, namely, at the
position located 1 mm from the surface, and the R/4 position and the R/2 position, were observed by EBSD, the orientation
of ferrite was measured, and image analyses were performed by using an orientation difference of 15 degrees or more
as the grain boundary to obtain the average aspect ratio of ferrite.

[0104] With regard to the tensile properties, a No. 14A test piece (it should be noted that the parallel portion diameter
was 4 mm) that is defined by JIS Z 2241 (2011) was collected such that the R/4 position of each steel bar having a
diameter of 34 mm served as the central axis of the test piece, tensile testing was performed where the gauge length
was set to 20 mm at the room temperature to obtain the tensile strength (MPa).

[0105] With regard to the impact properties, the above-described V notch Charpy impact test piece was collected such
that the notch direction served as the surface and the R/4 position of each steel bar having a diameter of 34 mm matched
the notch bottom position, as schematically shown in FIG. 1, and the Charpy impact test was performed at 25°C to obtain
the impact value (J/cm?2).

[0106] With regard to the machinability, each steel bar having a diameter of 34 mm was cut to have a length of 170
mm, and torque that was generated when deep hole drilling was performed under the following conditions up to a depth
of 150 mm in the rolling direction, referenced on the center of the cross-section perpendicular to the rolling direction was
measured with a gun drill having a diameter of 8.0 mm to evaluate the cutting resistance.
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¢ Rotational speed: 2300 rpm,
e Feeding: 0.05 mm/rev, and
e Hydraulic pressure: 5 MPa.

[0107] It should be noted that as described above, the base material toughness has a target impact value of 160 J/cm?
or more. The target machinability is a torque of 300 N-cm or less, which is the index for the cutting resistance.

[0108] The results of the above-described studies are shown in Table 3. It should be noted that in Table 3, "the cross-
section perpendicular to the rolling direction" and "the cross-section that passes through the centerline of the round steel
material and is parallel to the rolling direction" are respectively written as "latitudinal cross-section" and "longitudinal
cross-section”. An "open circle" mark of the "evaluation" column of Table 3 indicates that the targets of the impact
properties and the machinability are satisfied, whereas the "x" mark indicates that at least one of the above-described
targets is not satisfied.
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[0109] It is clear from Table 3 that in the case of steel bars of Test Numbers 1 to 17, which satisfy the chemical
composition and the microstructure conditions defined in the present invention, the evaluations are "open circle" and
these steel bars have target properties without performing thermal refining (excellent base material toughness, that is,
the impact value obtained in the Charpy impact test with a V notch Charpy impact test piece at a test temperature of
25°C is 160 J/cm2 or more, and excellent machinability, that is the torque that was generated when deep hole drilling
was performed with a gun drill was 300 N-cm or less).

[0110] In contrast to this, it is clear that in the case of steel bars of Test Numbers 18 to 34, which do not satisfy at
least one of the chemical composition and the microstructure conditions defined in the present invention, the evaluations
thereof are "x" and these steel bars do not obtain target properties and thermal refining cannot be omitted.

[0111] In other words, in the case of Test Number 18, the Si content of the used steel R was 1.25%, which was high
and exceeded the value defined in the present invention. Thus, the torque that was generated when the deep hole drilling
was performed with the gun drill was 345 N-cm, which was high.

[0112] In the case of Test Number 19, the Mn content of the used steel S was 2.31 %, which was high and exceeded
the value defined in the presentinvention. Thus, the torque that was generated when the deep hole drilling was performed
with the gun drill was 325 N-cm, which was high.

[0113] In the case of Test Number 20, the C content of the used steel T was 0.62%, which was high and exceeded
the value defined in the present invention. Thus, the V notch Charpy impact value was 105 J/cm2, which was low.
[0114] In the case of Test Number 21, the Cr content of the used steel U was 2.41%, which was high and exceeded
the value defined in the presentinvention. Thus, the torque that was generated when the deep hole drilling was performed
with the gun drill was 340 N-cm, which was high.

[0115] In the case of Test Number 22, the used steel V did not contain B and did not have the chemical composition
defined in the present invention, and the average particle diameter of ferrite, the area percentage of lamellar pearlite,
and the number of pieces of spheroidal cementite in the region extending from the surface to the position located a
distance of 1/2 the radius therefrom in the cross-section perpendicular to the rolling direction were respectively 11.8 um,
22.1%, and 2.1 105 pieces/mm?2, which were out of the range defined in the present invention. Thus, the V notch Charpy
impact value was 110 J/cm?2, which was low.

[0116] In the case of Test Number 23, the N content of the used steel W was 0.012%, which was high and exceeded
the value defined in the present invention, and the average particle diameter of ferrite and the number of pieces of
spheroidal cementite in the region extending from the surface to the position located a distance of 1/2 the radius therefrom
in the cross-section perpendicular to the rolling direction were also respectively 11.2 um and 3.8 105 pieces/mm2,
which were out of the range defined in the present invention. Thus, the V notch Charpy impact value was 115 J/cm?2,
which was low.

[0117] In the case of Test Number 24, the Ti content of the used steel X was 0.057%, which was high and exceeded
the value defined in the present invention. Thus, the V notch Charpy impact value was 145 J/cm?2, which was low.
[0118] In the case of Test Number 25, the Ti content of the used steel Y was less than [3.4N], which is the lower limit
of Equation (1), did not satisfy the conditions defined in the present invention, and the average particle diameter of ferrite,
the area percentage of lamellar pearlite, and the number of pieces of spheroidal cementite in the region extending from
the surface to the position located a distance of 1/2 the radius therefrom in the cross-section perpendicular to the rolling
direction were respectively 12.1 um, 20.2%, and 2.9 10° pieces/mm2, which were out of the range defined in the present
invention. Thus, the V notch Charpy impact value was 110 J/cm2, which was low.

[0119] In the case of Test Number 26, the Ti content of the used steel Z was higher than [3.4N+0.02], which is the
upper limit of Equation (1), and did not satisfy the conditions defined in the present invention. Thus, the V notch Charpy
impact value was 130 J/cm?2, which was low.

[0120] In the case of Test Numbers 27 to 31, although the chemical composition of the used steel B satisfied the
conditions defined in the present invention, the microstructure did not satisfy the range defined in the present invention.
Thus, one of the impact properties and the machinability did not reach the target.

[0121] Specifically, in the case of Test Number 27, the average particle diameter of ferrite, the area percentage of
lamellar pearlite, and the number of pieces of spheroidal cementite in the region extending from the surface to the
position located a distance of 1/2 the radius therefrom in the cross-section perpendicular to the rolling direction were
respectively 14.1 um, 32.8%, and 4.0x 104 pieces/mm?2, which were out of the range defined in the present invention.
Thus, the V notch Charpy impact value was 105 J/cmZ2, which was low.

[0122] In the case of Test Number 28, the average aspect ratio of ferrite in the region extending from the surface to
the position located a distance of 1/2 the radius therefrom in the cross-section that passes through the centerline and
is parallel to the rolling direction was 1.9, which was out of the range defined in the present invention. Thus, the V notch
Charpy impact value was 115 J/cm2, which was low.

[0123] In the case of Test Number 29, the area percentage of lamellar pearlite in the central portion and the number
of pieces of spheroidal cementite in the cross-section perpendicular to the rolling direction were respectively 14.1% and
5.1%105 pieces/mmZ2, which were out of the range defined in the present invention. Thus, the torque that was generated
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when the deep hole drilling was performed with the gun drill was 320 N-cm, which was high.

[0124] In the case of Test Number 30, the number of pieces of spheroidal cementite in the region extending from the
surface to the position located 1/2 the radius therefrom in the cross-section perpendicular to the rolling direction was
3.3x 105 pieces/mm?2 and the average aspect ratio of ferrite in the region extending from the surface to the position
located a distance of 1/2 the radius therefrom in the cross-section that passes through the centerline and is parallel to
the rolling direction was 1.6, which are out of the range defined in the present invention. Thus, the V notch Charpy impact
value was 110 J/cm2, which was low.

[0125] In the case of Test Number 31, the area percentage of lamellar pearlite in the central portion and the number
of pieces of spheroidal cementite in the cross-section perpendicular to the rolling direction were respectively 17.2% and
6.1X105 pieces/mmZ2, which were out of the range defined in the present invention. Thus, the torque that was generated
when the deep hole drilling was performed with the gun drill was 335 N-cm, which was high.

[0126] In the case of Test Numbers 32 to 34, the chemical composition of the used steels K, M, and P satisfied the
conditions defined in the present invention, whereas the microstructure did not satisfy the range defined in the present
invention. Thus, one or both of the impact properties and the machinability did not reach the target.

[0127] Specifically, in the case of Test Number 32, the average aspect ratio of ferrite in the region extending from the
surface to the position located a distance of 1/2 the radius therefrom in the cross-section that passes through the
centerline and is parallel to the rolling direction was 1.3, which was out of the range defined in the present invention.
Thus, the V notch Charpy impact value was 105 J/cm2, which was low.

[0128] In the case of Test Number 33, the area percentage of lamellar pearlite in the central portion and the number
of pieces of spheroidal cementite in the cross-section perpendicular to the rolling direction were respectively 14.5% and
5.2 105 pieces/mmZ2, which were out of the range defined in the present invention. Thus, the torque that was generated
when the deep hole drilling was performed with the gun drill was 370 N-cm, which was high.

[0129] In the case of Test Number 34, the average aspect ratio of ferrite in the region extending from the surface to
the position located a distance of 1/2 the radius therefrom in the cross-section that passes through the centerline and
is parallel to the rolling direction was 2.6, which was out of the range defined in the present invention. Thus, the V notch
Charpy impact value was 115 J/cm2, which was low. It should be noted that in these test numbers, rolling was performed
in the rough line and finishing line at 650 to 820°C, and the cumulative reduction of area in this case was calculated as
[(reduction of area in rough line)+(100%-reduction of area immediately before entering finishing line)xreduction of area
in finishing line].

(Working Embodiment 2)

[0130] The steel bars, having a diameter of 34 mm, of Test Number 2, Test Number 11, Test Number 13, Test Number
16, Test Number 20, Test Number 28, Test Number 32, and Test Number 34, which were obtained in Working Example
1, were used to produce test pieces imitating rack bars.

[0131] First, shot peening was performed on the steel bar having a diameter of 34 mm to remove surface scale, and
then drawing processing was performed in a state in which lubricant was applied to the surface so that the steel bar was
formed to have a diameter of 31 mm.

[0132] Next, the above-described drawn material was processed into a test piece imitating the steering rack bar shown
in FIG. 2.

[0133] Furthermore, induction hardening was performed through adjusting various conditions of induction hardening
such that the depth of a quench-hardened layer (the depth from the surface having a Vickers hardness of 450) in a gear
base corresponding portion of the rack bar reached 1 mm. Thereafter, in order to prevent fracture afterinduction hardening,
tempering processing was performed for 2 hours at 180°C.

[0134] Next, the test piece that underwent tempering after the above-described induction hardening was used to
perform a three-point bending test where the distance between supporting points was 180 mm and the forcing speed
was 1.0 mm/min as shown in FIG. 3, and a "load-stroke (force distance) curve" was collected, and the maximum load,
that is, the load that was used when load changed due to occurrence of a crack was given as "crack occurrence load".
[0135] Next, the test piece that underwent the three-point bending test was forcibly broken and the appearance of the
broken cross-section was photographed, and with regard to all of the cross-sections, the area percentage of cracks that
developed during the bending test was obtained by image analysis processing to evaluate crack development resistance.
It should be noted that with regard to the damage prevention properties, the target for the area percentage of cracks
that developed during the above-described bending test was 30% or less.

[0136] The results of the above-described studies are shown in Table 4. It should be noted that an "open circle" mark
in the "evaluation" column of Table 4 indicates that the area percentage of cracks that developed during the bending
testis 30% or less, and the target is reached, whereas "x" mark indicates that the above-described target is not reached.
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[Table 4]
. . crack
test test no. in Work. Ex. 1 in steel area percentage of cracks overall
steel occurrence load .
no. bar manufacture (N) that developed evaluation
35 B 2 65 25 @)
36 K 11 60 25 @)
37 M 13 60 25 @)
38 P 16 60 20 @)
39 *T *20 65 # 80 X
40 B *28 55 # 65 X
41 K *32 60 #70 X
42 P *34 55 #60 X
*mark indicates that conditions defined in the present invention are not satisfied.
#mark indicates that target is not reached

[0137] Itis clear from Table 4 that in the case of Test Numbers 35 to 38, in which steel bars of Test Number 2, Test
Number 11, Test Number 13, and Test Number 16 that satisfy the chemical composition and the microstructure conditions
defined in the present invention were used, the evaluation was "open circle" and they had excellent properties, that is,
the area percentage of cracks that developed during the three-point bending test was 30% or less, even without performing
thermal refining.

[0138] In contrast to this, in the case of Test Number 39 in which the steel bar of Test Number 20 was used, as shown
in Table 3, the V notch Charpy impact value was 105 J/cm2, which was low, and therefore the area percentage of cracks
that developed also in the three-point bending test was 80%, which was high, and Test Number 39 had low damage
prevention properties.

[0139] Similarly, in the case of Test Number 40 in which the steel bar of Test Number 28 was used, as shown in Table
3, the V notch Charpy impact value was 115 J/cm2, which was low, and therefore the area percentage of cracks that
developed alsoin the three-point bending test was 65%, which was high, and Test Number 40 had low damage prevention
properties.

[0140] Also, in the case of Test Number 41 in which the steel bar of Test Number 32 was used, as shown in Table 3,
the V notch Charpy impact value was 105 J/cmZ2, which was low, and therefore the area percentage of cracks that
developed alsoin the three-point bending test was 70%, which was high, and Test Number 41 had low damage prevention
properties.

[0141] Also, in the case of Test Number 42 in which the steel bar of Test Number 34 was used, as shown in Table 3,
the V notch Charpy impact value was 115 J/cm2, which was low, and therefore the area percentage of cracks that
developed alsoin the three-point bending test was 60%, which was high, and Test Number 42 had low damage prevention
properties.

INDUSTRIAL APPLICABILITY

[0142] Itis not necessary for a rolled round steel material for a steering rack bar according to the present invention to
contain high-cost V, and even if thermal refining is not performed, the rolled round steel material has good machinability
for forming a deep hole in the central portion and a high base material toughness, or in other words, the impact value
obtained in the Charpy impact test with a V notch Charpy impact test piece at a test temperature of 25°C in the state of
the rolled round steel material is 160 J/cm?2 or more, and therefore the rolled round steel material is favorably used as
the raw material for a steering rack bar.

[0143] In addition, the steering rack bar of the present invention can be obtained by using the above-described rolled
round steel material for a steering rack bar without thermal refining.

Claims

1. Avrolled round steel material for a steering rack bar, comprising: in mass%,
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C in an amount of 0.38 to 0.55%;
Siin an amount of 1.0% or less;

Mn in an amount of 0.20 to 2.0%;

S in an amount of 0.005 to 0.10%;
Cr in an amount of 0.01 to 2.0%;
Al'in an amount of 0.003 to 0.10%;

B in an amount of 0.0005 to 0.0030%;
Tiin an amount of 0.047% or less;
Cuin an amount of 0 to 1.0%;

Ni in an amount of 0 to 3.0%;

Mo in an amount of 0 to 0.50%;

Nb in an amount of 0 to 0.10%;

V in an amount of 0 to 0.30%;

Ca in an amount of 0 to 0.005%, and
Pb in an amount of 0 to 0.30%,

a remaining portion being constituted by Fe and impurities,
the impurities containing P in an amount of 0.030% or less and N in an amount of 0.008% or less, and
the rolled round steel material having a chemical composition satisfying Equation (1) below,

3AN=TI=3.4N+0.02 - - - (1)

where a symbol of an element indicates a content of the element in mass%,

wherein a microstructure is constituted by ferrite, lamellar pearlite, and cementite,

in a cross-section perpendicular to a rolling direction, in a region extending from a surface to a position located a
distance of 1/2 the radius therefrom, an average particle diameter of the ferrite is 10 wm or less, an area percentage
of the lamellar pearlite is less than 20%, a number of pieces of spheroidal cementite of the cementite is 4x105
pieces/mm2 or more, and, in a central portion, an area percentage of the lamellar pearlite is 20% or more and a
number of pieces of spheroidal cementite of the cementite is less than 4 X105 pieces/mm?2, and

in a cross-section that passes through a centerline of the round steel material and is parallel to the rolling direction,
an average aspect ratio of the ferrite in a region extending from a surface to a position located a distance of 1/2 the
radius therefrom is 3 or more.

The rolled round steel material for a steering rack bar according to claim 1, comprising, in mass%, at least one
selected from Cuin an amount of 0.05 to 1.0%, Niinan amount of 0.05to0 3.0%, and Mo in an amount of 0.05t0 0.50%.

The rolled round steel material for a steering rack bar according to claim 1, comprising, in mass%, at least one
selected from Nb in an amount of 0.010 to 0.10% and V in an amount of 0.01 to 0.30%.

The rolled round steel material for a steering rack bar according to claim 1, comprising, in mass%, at least one
selected from Ca in an amount of 0.0005 to 0.005% and Pb in an amount of 0.05 to 0.30%.

A steering rack bar in which the rolled round steel material for a steering rack bar according to any of claims 1 to 4
is used without thermal refining.

Use of the rolled round steel material according to any one of claims 1 to 4 as a raw material for a steering rack bar.

Method of producing a rolled round steel material for a steering rack bar, comprising
heating a rolling material to a temperature range of 670 to 880°C, the rolling material having a chemical composition
comprising: in mass%,

C in an amount of 0.38 to 0.55%;
Siin an amount of 1.0% or less;
Mn in an amount of 0.20 to 2.0%;
S in an amount of 0.005 to 0.10%;
Cr in an amount of 0.01 to 2.0%;
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Al'in an amount of 0.003 to 0.10%;

B in an amount of 0.0005 to 0.0030%;
Tiin an amount of 0.047% or less;
Cuin an amount of 0 to 1.0%;

Ni in an amount of 0 to 3.0%;

Mo in an amount of 0 to 0.50%;

Nb in an amount of 0 to 0.10%;

V in an amount of 0 to 0.30%;

Ca in an amount of 0 to 0.005%, and
Pb in an amount of 0 to 0.30%,

a remaining portion being constituted by Fe and impurities,
the impurities containing P in an amount of 0.030% or less and N in an amount of 0.008% or less, and
the chemical composition satisfying Equation (1) below,

3AN=TI=3.4N+0.02 - - - (1)

where a symbol of an element indicates a content of the element in mass%,

hot-rolling the heated rolling material using a completely continuous hot rolling method, wherein the completely
continuous hot rolling method is set to satisfy the conditions [1] and [2] below, and

cooling the hot-rolled rolling material, wherein final cooling is performed under the condition that the surface cooling
speed is 0.5 to 200°C/s in a temperature range to 500°C,

wherein the conditions [1] and [2] are:

[1] The surface temperature of the rolling material is 500 to 820°C and the cumulative reduction of area in a
temperature range of 650 to 820°C is 30% or more and the cumulative reduction of area in a temperature range
of 500°C or more to less than 650°C is 35% or more; and

[2] Letting the completely continuous hot rolling end point be "v (m/s)", that is, a rolling material speed on the
final rolling mill exit side, the total reduction of area in the completely continuous hot rolling be "Rd (%)", and
the rolling material heating temperature be "T (°C)", equation fn (1), which is expressed below, satisfies 0 or more:

fn (1) = v-Rd/100—(1000-T)/100.

The method of producing a rolled round steel material for a steering rack bar according to claim 7, wherein
the heating time is set to 3 hours or less.

The method of producing a rolled round steel material for a steering rack bar according to any one of claims 7 to 8,
wherein

intercooling is performed in an intermediate step such that a time At starting from when the surface temperature of
the rolling material becomes temporarily lower than 500°C to when the surface temperature returns to 500°C or
more is 10 seconds or less.

Patentanspriiche

Gewalztes, rundes Stahlmaterial fiir einen Lenkstangenriegel, umfassend: in Masse-%,

C in einer Menge von 0,38 bis 0,55%;

Si in einer Menge von 1,0% oder weniger;
Mn in einer Menge von 0,20 bis 2,0%;

S in einer Menge von 0,005 bis 0,10%;

Crin einer Menge von 0,01 bis 2,0%;

Al'in einer Menge von 0,003 bis 0,10%;

B in einer Menge von 0,0005 bis 0,0030%;
Ti in einer Menge von 0,047% oder weniger;
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Cu in einer Menge von 0 bis 1,0%;

Ni in einer Menge von 0 bis 3,0%;

Mo in einer Menge von 0 bis 0,50%;

Nb in einer Menge von 0 bis 0,10%;

Vin einer Menge von 0 bis 0,30%;

Ca in einer Menge von 0 bis 0,005% und
Pb in einer Menge von 0 bis 0,30%,

wobei ein Restanteil von Fe und Verunreinigungen gebildet ist,

wobei die Verunreinigungen P in einer Menge von 0,030% oder weniger und N in einer Menge von 0,008% oder
weniger enthalten, und

wobei das gewalzte runde Stahimaterial eine chemische Zusammensetzung aufweist, die der nachstehenden Glei-
chung (1) genugt,

3,4N =Ti 34N+ 0,02 ... (1)

wobei ein Symbol eines Elements einen Gehalt des Elements in Masse-% angibt, und

wobei eine Mikrostruktur von Ferrit, lamellarem Perlit und Zementit gebildet ist, und

wobei in einem Querschnitt, der senkrecht zu einer Walzrichtung verlauft, in einem Bereich, der sich von einer
Oberflache zu einer Position erstreckt, die einen Abstand von 1/2 des Radius davon aufweist, ein mittlerer Teilchen-
durchmesser des Ferrits 10 um oder weniger betragt, ein Flachenprozentsatz des lamellaren Perlits weniger als
20% betragt, eine Anzahl von Spharozementitstiicken des Zementits 4105 Stiick/mmZ2 oder mehr betrégt, und in
einem zentralen Abschnitt ein Flachenprozentsatz des lamellaren Perlits 20% oder mehr betragt und eine Anzahl
von Spharozementitstiicken des Zementits weniger als 4x 105 Stiick/mm?2 betrégt, und

wobeiin einem Querschnitt, der durch eine Mittellinie des runden Stahimaterials verlauft und parallel zur Walzrichtung
verlauft, ein durchschnittliches Aspektverhatnis des Ferrits in einem Bereich, der sich von einer Oberflache zu einer
Position erstreckt, die in einem Abstand von 1/2 des Radius angeordnet ist, 3 oder mehr betragt.

Gewalztes, rundes Stahimaterial fir einen Lenkstangenriegel nach Anspruch 1, umfassend in Masse-% mindestens
eines, das ausgewahlt ist aus Cu in einer Menge von 0,05 bis 1,0%, Ni in einer Menge von 0,05 bis 3,0% und Mo
in einer Menge von 0,05 bis 0,50%.

Gewalztes, rundes Stahimaterial fir einen Lenkstangenriegel nach Anspruch 1, umfassend in Masse-% mindestens
eines, das ausgewahlt ist aus Nb in einer Menge von 0,010 bis 0,10% und V in einer Menge von 0,01 bis 0,30%.

Gewalztes, rundes Stahimaterial fir einen Lenkstangenriegel nach Anspruch 1, umfassend in Masse-% mindestens
eines, das ausgewabhlt ist aus Ca in einer Menge von 0,0005 bis 0,005% und Pb in einer Menge von 0,05 bis 0,30%.

Einen Lenkstangenriegel, bei dem das gewalzte runde Stahimaterial fir einen Lenkstangenriegel nach einem der
Anspriche 1 bis 4 ohne thermische Raffination verwendet wird.

Verwendung des gewalzten runden Stahlmaterials nach einem der Anspriiche 1 bis 4 als Ausgangsmaterial fir
einen Lenkstangenriegel.

Verfahren zur Herstellung eines gewalzten runden Stahlmaterials fiir einen Lenkstangenriegel, umfassend
Erwarmen eines Walzmaterials auf einen Temperaturbereich von 670 bis 880°C, wobei das Walzgut eine chemische
Zusammensetzung aufweist, die in Masse-% enthalt

C in einer Menge von 0,38 bis 0,55%;

Si in einer Menge von 1,0% oder weniger;
Mn in einer Menge von 0,20 bis 2,0%;

S in einer Menge von 0,005 bis 0,10%;

Crin einer Menge von 0,01 bis 2,0%;

Al'in einer Menge von 0,003 bis 0,10%;

B in einer Menge von 0,0005 bis 0,0030%;
Ti in einer Menge von 0,047% oder weniger;
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Cu in einer Menge von 0 bis 1,0%;

Ni in einer Menge von 0 bis 3,0%;

Mo in einer Menge von 0 bis 0,50%;

Nb in einer Menge von 0 bis 0,10%;

Vin einer Menge von 0 bis 0,30%;

Ca in einer Menge von 0 bis 0,005% und
Pb in einer Menge von 0 bis 0,30%,

wobei ein Restanteil von Fe und Verunreinigungen gebildet ist,

wobei die Verunreinigungen P in einer Menge von 0,030% oder weniger und N in einer Menge von 0,008% oder
weniger enthalten, und

die chemische Zusammensetzung der nachstehenden Gleichung (1) genligt,

3,4N =Ti 34N+ 0,02 ... (1)

wobei ein Symbol eines Elements einen Gehalt des Elements in Masse-% angibt, und

Warmwalzen des erwadrmten Walzmaterials unter Verwendung eines vollstdndig kontinuierlichen Warmwalzverfah-
rens, wobei das vollstandig kontinuierliche Warmwalzverfahren so eingestellt ist, dass es die nachstehenden Be-
dingungen [1] und [2] erfiillt, und

Abkihlen des warmgewalzten Walzmaterials, wobei die Endkiihlung unter der Bedingung durchgefiihrt wird, dass
die Oberflachenkuhlgeschwindigkeit 0,5 bis 200°C/s in einem Temperaturbereich bis 500°C betragt, und

wobei die Bedingungen [1] und [2] sind:

[1] Die Oberflachentemperatur des Walzmaterials betragt 500 bis 820°C und die kumulative Flachenreduktion
in einem Temperaturbereich von 650 bis 820°C betragt 30% oder mehr und die kumulative Flachenreduktion
in einem Temperaturbereich von 500°C oder mehr bis weniger als 650°C betragt 35% oder mehr; und

[2] Lasst man den Endpunkt des vollkontinuierlichen Warmwalzens "v (m/s)" sein, also eine Walzmaterialge-
schwindigkeit auf der Austrittsseite des Endwalzwerkes, die Gesamtreduktion der Flache beim vollstédndig kon-
tinuierlichen Warmwalzen "Rd (%)" und die Walzmaterialerwarmungstemperatur "T (°C)", erfillt die Gleichung
fn (1), die nachstehend angegeben ist, 0 oder mehr:

fn (1) = v-\Rd/100- (1000-T)/100.

Verfahren zur Herstellung eines gewalzten runden Stahimaterials fiir einen Lenkstangenriegel nach Anspruch 7,
wobei
die Aufheizzeit auf 3 Stunden oder weniger eingestellt ist.

Verfahren zur Herstellung eines gewalzten runden Stahlmaterials fir einen Lenkstangenriegel gemaR einem der
Anspriiche 7 bis 8, wobei

eine Zwischenkiihlung in einem Zwischenschritt erfolgt, so dass eine Zeitspanne At, die beginnt, wenn die Oberfla-
chentemperatur des Walzmaterials vorliibergehend unter 500°C sinkt, bis dann, wenn die Oberflachentemperatur
auf 500°C oder mehr zuriickkehrt, 10 Sekunden oder weniger betragt.

Revendications

1.

Matériau d’acier rond laminé pour une barre de crémaillére de direction, comprenant : en % en masse,

C dans une quantité de 0,38 2 0,55 % ;

Si dans une quantité de 1,0 % ou inférieure ;
Mn dans une quantité de 0,20 a 2,0 % ;

S dans une quantité de 0,005 a 0,10 % ;

Cr dans une quantité de 0,01 2 2,0 % ;

Al dans une quantité de 0,003 2 0,10 % ;

B dans une quantité de 0,0005 a 0,0030 % ;
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Ti dans une quantité de 0,047 % ou inférieure ;
Cu dans une quantitt de0a 1,0 % ;

Ni dans une quantité de 0 a 3,0 % ;

Mo dans une quantité de 0 2 0,50 % ;

Nb dans une quantité de 0 a 0,10 % ;

V dans une quantité de 0 2 0,30 % ;

Ca dans une quantité de 0 a 0,005 %, et

Pb dans une quantité de 0 a 0,30 %,

une portion restante étant constituée de Fe et d'impuretés,

les impuretés contenant P dans une quantité de 0,030 % ou inférieure et N dans une quantité de 0,008 % ou
inférieure, et

le matériau d’acier rond laminé ayant une composition chimique satisfaisant I'’équation (1) ci-dessous,

3,4N<Ti<3,4N+0,02... (I)

ou un symbole d’un élément indique une teneur de I'élément en % en masse,

dans lequel une microstructure est constituée de ferrite, perlite lamellaire, et cémentite,

dans une section transversale perpendiculaire a une direction de laminage, dans une région s’étendant a partir
d’une surface vers une position disposée a une distance de 1/2 du rayon de celle-ci, un diamétre moyen de particule
de la ferrite est de 10 um ou inférieur, un pourcentage de surface de la perlite lamellaire est inférieur a 20 %, un
nombre de morceaux de cémentite sphéroidale de la cémentite est de 4 x 105 morceaux/mm?2 ou supérieur, et,
dans une position centrale, un pourcentage de surface de la perlite lamellaire est de 20 % ou supérieur et un nombre
de morceaux de cémentite sphéroidale de la cémentite est inférieur & 4 x 10° morceaux/mm?, et

dans une section transversale qui passe a travers une ligne centrale du matériau d’acier rond et est paralléle a la
direction de laminage, un rapport d’allongement moyen de la ferrite dans une région s’étendant a partir d’'une surface
vers une position disposée a une distance de 1/2 du rayon de celle-ci est de 3 ou supérieure.

Matériau d’acier rond laminé pour une barre de crémaillére de direction selon la revendication 1, comprenant, en
% en masse, au moins un choisi parmi Cu dans une quantité de 0,05 a 1,0 %, Ni dans une quantité de 0,05 a 3,0
%, et Mo dans une quantité de 0,05 a 0,50 %.

Matériau d’acier rond laminé pour une barre de crémaillére de direction selon la revendication 1, comprenant, en
% enmasse, au moins un choisi parmiNb dans une quantité de 0,010a0,10 % etV dans une quantité de 0,012 0,30 %.

Matériau d’acier rond laminé pour une barre de crémaillére de direction selon la revendication 1, comprenant, en
% en masse, au moins un choisi parmi Ca dans une quantité de 0,0005 a 0,005 % et Pb dans une quantité de 0,05
a 0,30 %.

Barre de crémaillére de direction dans laquelle le matériau d’acier rond laminé pour une barre de crémaillere de
direction selon I'une quelconque des revendications 1 a 4 est utilisé sans raffinage thermique.

Utilisation du matériau d’acier rond laminé selon I'une quelconque des revendications 1 a 4 comme matiere premiére
pour une barre de crémaillére de direction.

Procédé de production d’un matériau d’acier rond laminé pour une barre de crémaillere de direction, comprenant
le chauffage d’un matériau de laminage dans un intervalle de température de 670 a 880°C, le matériau de laminage
ayant une composition chimique comprenant : en % en masse,

C dans une quantité de 0,38 2 0,55 % ;

Si dans une quantité de 1,0 % ou inférieure ;
Mn dans une quantité de 0,20 a 2,0 % ;

S dans une quantité de 0,005 a 0,10 % ;

Cr dans une quantité de 0,01 2 2,0 % ;

Al dans une quantité de 0,003 2 0,10 % ;

B dans une quantité de 0,0005 a 0,0030 % ;
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Ti dans une quantité de 0,047 % ou inférieure ;
Cu dans une quantitt de0a 1,0 % ;

Ni dans une quantité de 0 a 3,0 % ;

Mo dans une quantité de 0 2 0,50 % ;

Nb dans une quantité de 0 a 0,10 % ;

V dans une quantité de 0 2 0,30 % ;

Ca dans une quantité de 0 a 0,005 %, et

Pb dans une quantité de 0 a 0,30 %,

une portion restante étant constituée de Fe et d'impuretés,

les impuretés contenant P dans une quantité de 0,030 % ou inférieure et N dans une quantité de 0,008 % ou
inférieure, et

la composition chimique satisfaisant I'équation (1) ci-dessous,

3,4N<Ti<3,4N+0,02... (I)

ou un symbole d’un élément indique une teneur de I'élément en % en masse,

le laminage a chaud du matériau laminé chauffé en utilisant un procédé de laminage a chaud complétement continu,
dans lequel le procédé de laminage a chaud complétement continu est ajusté pour satisfaire les conditions [1] et
[2] ci-dessous, et

le refroidissement du matériau de laminage laminé a chaud, dans lequel un refroidissement final est réalisé dans
la condition que la vitesse de refroidissement de surface est de 0,5 a 200°C/s dans un intervalle de température
jusqu’a 500°C,

dans lequel les conditions [1] et [2] sont :

[1] la température de surface du matériau de laminage est de 500 a 820°C et la réduction cumulée de surface
dans un intervalle de température de 650 a 820°C est de 30 % ou supérieure et la réduction cumulée de surface
dans un intervalle de température de 500°C ou supérieure a moins de 650°C est de 35 % ou supérieure ; et
[2] en laissant le point de finition du laminage a chaud complétement continu étre « v(m/s) », lequel est, une
vitesse de matériau de laminage sur le cété de sortie du laminoir final, la réduction totale de surface dans le
laminage a chaud complétement continu étre «Rd(%)», et la température de chauffage du matériau de laminage
étre « T(°C) », '’équation fn (1), laquelle est exprimée ci-dessous, satisfait 0 ou plus :

fn(1)=v'Rd/100-(1 000-T)/100.

Procédé de production d’'un matériau d’acier rond laminé pour une barre de crémaillére de direction selon la reven-
dication 7, dans lequel
la durée de chauffage est fixée a 3 heures ou moins.

Procédé de production d’'un matériau d’acier rond laminé pour une barre de crémaillere de direction selon l'une
quelconque des revendications 7 a 8, dans lequel

un refroidissement intermédiaire est réalisé dans une étape intermédiaire de sorte qu’'un temps At débutant au
moment ou la température de surface du matériau de laminage devient temporairement inférieure a 500°C jusqu’au
moment ou la température de surface revient a 500°C ou plus est de 10 secondes ou inférieur.
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