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There is provided a high - strength steel mechanical compo 
nent . A mechanical component is a mechanical component 
composed of a steel having a carbon content of more than or 
equal to 0 . 2 mass % and less than or equal to 0 . 8 mass % , 
and includes a quench - hardened layer formed in a surface 
layer of the mechanical component . In the quench - hardened 
layer , a grain size number of prior austenite crystal grains is 
No . 11 or higher . Moreover , the quench - hardened layer may 
have a Vickers hardness of more than or equal to 500 HV . In 
this case , prior austenite crystal grains in the quench 
hardened layer become fine , thereby providing the mechani 
cal component with high strength . 
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MECHANICAL COMPONENT 

TECHNICAL FIELD 
10001 ] The present invention relates to a mechanical com 
ponent , more particularly , a mechanical component having a 
hardened layer formed in a surface layer of the mechanical 
component . 

Solution to Problem 
[ 0008 ] . A mechanical component according to the present 
disclosure is a mechanical component composed of a steel 
having a carbon content of more than or equal to 0 . 2 mass 
% and less than or equal to 0 . 8 mass % , the mechanical 
component including a quench - hardened layer formed in a 
surface layer of the mechanical component . In the quench 
hardened layer , a grain size number of prior austenite crystal 
grains is No . 11 or higher . BACKGROUND ART 

Advantageous Effects of Invention 
[ 0009 ] According to the description above , there can be 
obtained a mechanical component composed of a steel 
having high strength . 

[ 0002 ] An ECAP ( Equal Channel Angular Processing ) 
method is a representative method for applying large strain 
to a metal material . The ECAP method is drawing attention 
as a large - strain processing method with which the shape of 
a material is not much changed before and after the pro 
cessing . However , in the ECAP method , an amount of strain 
in one processing is not so large . Therefore , in the ECAP 
method , the processing has to be performed multiple times 
in order to exhibit desired fine crystal grains and plasticity . 
This presents a problem in terms of processing efficiency . 
Moreover , in the ECAP method , it is difficult to control 
processing conditions . Due to existence of such problems , it 
is difficult to use the ECAP method as industrial technology . 
[ 0003 ] As a metal processing method with improved mass 
productivity and low cost , the following method has been 
proposed : a target object composed of a metal material is 
heated and a formed low deformation resistance region is 
twisted to cause shear deformation of the region , thereby 
obtaining a fine metal structure ( for example , see Japanese 
Patent Laying - Open No . 2007 - 308806 ( Patent Document 

BRIEF DESCRIPTION OF DRAWINGS 
[ 0010 ] . FIG . 1 is a flowchart for illustrating a method for 
manufacturing a mechanical component according to the 
present embodiment . 
[ 0011 ] FIG . 2 is a schematic view showing a configuration 
of a processing apparatus used in a heat treatment step 
shown in FIG . 1 . 
[ 0012 ] FIG . 3 is a schematic cross sectional view of the 
mechanical component according to the present embodi 
ment . 
[ 0013 ] . FIG . 4 shows a photograph of an external appear 
ance of a sample used in an experiment . 
[ 0014 ] FIG . 5 shows an enlarged photograph of a cross 
section of a sample 1 . 
[ 0015 ] FIG . 6 shows an enlarged photograph of a cross 
section of a sample 2 . 
[ 0016 ] FIG . 7 shows an enlarged photograph of a cross 
section of a sample 3 . 
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SUMMARY OF INVENTION 

Technical Problem 

[ 0005 ] However , in the above - described method , no report 
has been made with regard to : a quenching treatment for a 
steel material , a condition under which the quenching treat 
ment can be performed ; and a condition under which the fine 
crystalline structure of the steel material can be obtained . 
[ 0006 ] Here , for example , in the automobile industry , it 
has been desired to reduce the weight of a vehicle body or 
the like in order to improve fuel efficiency or traveling 
performance . As one of measures to achieve this , it can be 
considered to reduce the weight by using a material having 
high strength resulting from a fine crystalline structure . 
Particularly , it is considered that a great contribution to the 
weight reduction of the vehicle body or the like is made by 
providing a steel material , which is a main component of a 
vehicle body or the like , a fine crystalline structure to have 
high strength . 
[ 0007 ] The present invention has been made to solve the 
above - described problem , and has an object to provide a 
mechanical component composed of a steel having high 
strength . 

DESCRIPTION OF EMBODIMENTS 
[ 0017 ] The following describes an embodiment of the 
present disclosure with reference to figures . It should be 
noted that in the below - described figures , the same or 
corresponding portions are given the same reference char 
acters and are not described repeatedly . 
[ 0018 ] < Method for Manufacturing Mechanical Compo 
nent > 
[ 0019 ] With reference to FIG . 1 , the following describes a 
method for manufacturing a mechanical component accord 
ing to the present embodiment . As shown in FIG . 1 , in the 
method for manufacturing the mechanical component 
according to the present embodiment , a preparing step ( S10 ) 
is performed first . In this step ( S10 ) , there are prepared : a 
steel target object 1 ( see FIG . 2 ) to be formed into the 
mechanical component ; and a processing apparatus such as 
one shown in FIG . 2 . Target object 1 may be processed into 
a general shape for mechanical components . Target object 1 
may have a carbon content of more than or equal to 0 . 2 mass 
% . Processing object 1 can be processed using any conven 
tionally known method . For the material of target object 1 , 
a steel having any composition can be employed ; however , 
the material has a carbon content of more than or equal to 0 . 2 
mass % , for example . Any shape of target object 1 can be 
employed ; however , target object 1 may have a shape ( for 
example , bar - like shape ) with a longitudinal axis extending 
in a predetermined direction as shown in FIG . 2 , for 
example . Moreover , a cross sectional shape thereof in a 
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direction perpendicular to the longitudinal axis of target 
object 1 can be any shape , but may be a circular shape , for 
example . 
[ 0020 ] Next , a heat treatment step ( S20 ) is performed . In 
this step ( S20 ) , a quenching treatment is performed by 
heating a surface portion of target object 1 to a heating 
temperature more than or equal to an A3 transformation 
point temperature and then cooling the surface portion of 
target object 1 , under application of shear strain to the 
surface portion of target object 1 . In the step ( S20 ) as a step 
of performing a quenching treatment , the heating tempera 
ture is more than or equal to 800° C . Moreover , in the 
quenching treatment , the surface portion of the target object 
is cooled at a rate of more than or equal to 35º C . / second in 
a temperature range from 850° C . to 300° C . By performing 
the quenching treatment under application of the shear strain 
in this way , a high - strength steel mechanical component 
having a surface portion provided with a quench - hardened 
layer having a fine crystalline structure can be obtained . It 
should be noted that a configuration of the processing 
apparatus used in this step ( S20 ) will be described later . 
10021 ] Next , a post - treatment step ( S30 ) is performed . In 
this step ( S30 ) , target object 1 having been through the heat 
treatment step ( S20 ) is subjected to grinding , washing , 
and / or other processes , thereby obtaining a final mechanical 
component . It should be noted that any conventionally 
known method ( s ) can be used for the grinding , washing , 
and / or other processes . 
[ 0022 ] < Configuration of Processing Apparatus > 
[ 0023 ] With reference to FIG . 2 , the following describes 
the configuration of the processing apparatus used in the 
above - described heat treatment step ( S20 ) . As shown in FIG . 
2 , the processing apparatus mainly includes : a rotating 
portion 4 that holds one end portion of target object 1 , a 
fixing portion 5 that fixes the other end portion of target 
object 1 , a heating coil 2 for performing induction heating ; 
a cooling nozzle 3 for performing a quenching treatment ; a 
matching board 6 ; a coolant circulating device 7 ; a power 
supply 8 ; and a coolant circulating device 9 for power supply 

adjacent to heating coil 2 . Cooling nozzle 3 is configured to 
be capable of spraying coolant to target object 1 . For the 
coolant , any coolant can be used such as a liquid like water 
or oil . Heating coil 2 and cooling nozzle 3 are movable along 
an extending direction of target object 1 ( for example , 
direction from fixing portion 5 toward rotating portion 4 ) . As 
a mechanism for moving heating coil 2 and cooling nozzle 
3 , any conventionally known mechanism can be used , such 
as a fluid cylinder or an electric motor . 
[ 0027 ] Matching board 6 includes , for example , a capaci 
tor and a transformer , and controls power supplied to heating 
coil 2 so as to control a heating state of target object 1 . 
Matching board 6 is connected to heating coil 2 and power 
supply 8 . Power supply 8 is a power supply for high 
frequency induction heating and includes an inverter , for 
example . As configurations of power supply 8 and matching 
board 6 , any conventionally known configurations can be 
employed . 
[ 0028 ] Coolant circulating device 7 supplies heating coil 2 
with water , which is the coolant for cooling heating coil 2 . 
Moreover , coolant circulating device 7 may supply matching 
board 6 with water , which is the coolant for cooling match 
ing board 6 . Moreover , coolant circulating device 7 supplies 
cooling nozzle 3 with water to be sprayed from cooling 
nozzle 3 to target object 1 for the purpose of cooling . 
[ 0029 ] . Coolant circulating device 9 supplies power supply 
8 with water , which is the coolant for cooling power supply 

8 . 
10024 ] Rotating portion 4 is configured to be capable of 
rotating to twist the one end portion of target object 1 
relative to fixing portion 5 . Rotating portion 4 includes a 
rotating portion side holder that holds the one end portion of 
target object 1 . Any conventionally known configuration can 
be employed for the configuration of the rotating portion 
side holder as long as the rotating portion side holder can 
detachably hold the one end portion of target object 1 . 
Moreover , rotating portion 4 may include a motor and 
reduction gears , for example . In rotating portion 4 , a driving 
device , such as the motor , may be connected to the above 
described rotating portion side holder via the reduction 
gears . The rotating portion side holder of rotating portion 4 
is configured to be rotatable by the driving device described 
above . 
[ 0025 ] Fixing portion 5 includes a fixing portion side 
holder that holds the other end portion of target object 1 . Any 
conventionally known configuration can be employed for 
the configuration of the fixing portion side holder as long as 
the fixing portion side holder can detachably hold the other 
end portion of target object 1 . 
[ 0026 ] Moreover , heating coil 2 is disposed to surround 
the outer circumference of target object 1 held by rotating 
portion 4 and fixing portion 5 . Cooling nozzle 3 is disposed 

[ 0030 ] < Operation of Processing Apparatus > 
[ 0031 ] In the heat treatment step ( S20 ) shown in FIG . 1 , 
the above - described heat treatment is performed using the 
processing apparatus shown in FIG . 2 . Specifically , target 
object 1 is fixed by rotating portion 4 and fixing portion 5 . 
In this state , target object 1 is fed with stress by rotating 
portion 4 to rotate ( twist ) target object 1 around a rotation 
axis extending in the extending direction of target object 1 . 
On this occasion , the other end portion of target object 1 is 
fixed by fixing portion 5 , with the result that shear strain due 
to the twisting is applied to the outer circumferential surface 
of target object 1 ( side surface around the rotation axis ) . 
10032 Moreover , on this occasion , rotating portion 4 may 
be rotated relative to fixing portion 5 at a rotating speed of 
more than or equal to 0 . 05 ( rotation / second ) . In this way , 
shear strain can be sufficiently generated in the surface of 
target object 1 . Moreover , a strain amount of the shear strain 
applied to the surface of target object 1 may be more than or 
equal to 7 . 1 . It should be noted that the strain amount of the 
shear strain is defined herein as follows . That is , when target 
object 1 is twisted ( twisted and rotated ) around the above 
described rotation axis ( longitudinal axis of target object 1 ) 
and target object 1 is heated as described below in the heat 
treatment step ( S20 ) , a linear pattern extending along the 
circumferential direction is formed in the outer circumfer 
ential surface of target object 1 . An angle between the 
above - described rotation axis and the direction in which the 
linear pattern extends is found by measurement . Then , the 
strain amount of the shear strain is defined as tan 0 . 
[ 0033 ] Moreover , the strain amount of the shear strain can 
be adjusted by controlling stress applied from rotating 
portion 4 to target object 1 , for example . For a method for 
controlling the stress , a conventionally known method can 
be used , such as controlling an output of the driving device 
( such as an electric motor ) for rotating target object 1 in 
rotating portion 4 . 
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[ 00341 Under such application of the shear strain to target 
object 1 , the surface of target object 1 is inductively heated 
by heating coil 2 disposed to surround the outer circumfer 
ence of target object 1 . Through the induction heating , the 
surface of target object 1 is heated to the predetermined 
heating temperature more than or equal to the A3 transfor 
mation point . 
[ 0035 ] Heating coil 2 and cooling nozzle 3 are moved 
along the surface of target object 1 . The movement direction 
of heating coil 2 and cooling nozzle 3 is a direction from 
cooling nozzle 3 toward heating coil 2 ( direction from fixing 
portion 5 toward rotating portion 4 in FIG . 2 ) . As a result , 
cooling nozzle 3 is moved to be located above the surface of 
target object 1 having been heated by heating coil 2 . Then , 
the coolant , such as water , is sprayed from cooling nozzle 3 
to the heated surface of target object 1 , thereby providing a 
quenching treatment to the surface of target object 1 . It 
should be noted that the movement speed of heating coil 2 
may be more than or equal to 0 . 5 mm / second . Further , the 
movement speed of cooling nozzle 3 may also be more than 
or equal to 0 . 5 mm / second . Moreover , the movement speed 
of cooling nozzle 3 may be the same as the movement speed 
of heating coil 2 . Further , heating coil 2 and cooling nozzle 
3 may be in one piece . 
[ 0036 ) . Moreover , by moving heating coil 2 and cooling 
nozzle 3 as described above , the heating by heating coil 2 
and the cooling ( quenching treatment ) by cooling nozzle 3 
can be performed sequentially to the surface of target object 
1 in the direction from the fixing portion 5 side toward the 
rotating portion 4 side . Further , since the quenching treat 
ment is performed under application of the shear strain to the 
surface of target object 1 by rotating portion 4 providing 
target object 1 with the force of twisting target object 1 , prior 
austenite crystal grains in the quench - hardened layer of 
quenched target object 1 can be fine . 
[ 0037 ] < Mechanical Component > 
[ 0038 ] With reference to FIG . 3 , the following describes a 
configuration of the mechanical component obtained by the 
method fibr manufacturing the mechanical component 
shown in FIG . 1 . FIG . 3 is a schematic cross sectional view 
of mechanical component 10 in a direction perpendicular to 
the longitudinal axis of mechanical component 10 . As 
shown in FIG . 3 , mechanical component 10 includes : a 
quench - hardened layer 11 formed in the surface layer of 
mechanical component 10 ; and a core portion 12 located 
circumferentially inwardly of quench - hardened layer 11 . In 
quench - hardened layer 11 , the grain size number of the prior 
austenite crystal grains is No . 11 or higher . The grain size 
number is defined in JIS G0551 . Moreover , mechanical 
component 10 is a mechanical component composed of a 
steel having a carbon content of more than or equal to 0 . 2 
mass % and less than or equal to 0 . 8 mass % Quench 
hardened layer 11 has a higher hardness than that of core 
portion 12 . For example , quench - hardened layer 11 may 
have a Vickers hardness of more than or equal to 500 HV or 
more than or equal to 400 HV . Moreover , for example , the 
thickness of quench - hardened layer 11 can be more than or 
equal to 4 mm ( assuming that quench - hardened layer 11 is 
a region having a Vickers hardness of more than or equal to 
400 HV ) . It should be noted that the thickness of quench - 
hardened layer 11 can be determined by finding a quench - 
hardening depth by way of Vickers hardness measurement . 

( 0039 ] The characteristic configurations of the embodi 
ment of the present invention will be listed , although a part 
of the configurations may be repeatedly described . 
[ 0040 ] Mechanical component 10 according to the present 
disclosure is a mechanical component composed of a steel 
having a carbon content of more than or equal to 0 . 2 mass 
% and less than or equal to 0 . 8 mass % , the mechanical 
component including a quench - hardened layer 11 formed in 
a surface layer of the mechanical component . In quench 
hardened layer 11 , a grain size number of prior austenite 
crystal grains is No . 11 or higher . In this case , the prior 
austenite crystal grains of quench - hardened layer 11 become 
fine to provide mechanical component 10 with high strength . 
[ 0041 ] Here , the carbon content of the mechanical com 
ponent is more than or equal to 0 . 2 mass % in order to 
securely form the quench - hardened layer by the quenching 
treatment . Moreover , the carbon content of the mechanical 
component is less than or equal to 0 . 8 mass % in order to 
prevent a quenching crack . It should be noted that the lower 
limit of the carbon content may be 0 . 3 mass % or 0 . 35 mass 
% . On the other hand , the upper limit of the carbon content 
may be 0 . 7 mass % or 0 . 6 mass % . Moreover , the grain size 
number of the above - described prior austenite crystal grains 
may be 12 or higher . 
[ 0042 ] In mechanical component 10 , the thickness of the 
quench - hardened layer may be more than or equal to 4 mm 
( assuming that the quench - hardened layer is represented by 
a region having a Vickers hardness of more than or equal to 
400 HV ) . In this case , quench - hardened layer 11 having a 
sufficient thickness is formed in the surface layer of 
mechanical component 10 , thereby securely increasing the 
strength of the mechanical component . It should be noted 
that the thickness of the quench - hardened layer may be more 
than or equal to 4 . 5 mm or more than or equal to 5 mm . 
10043 ] In mechanical component 10 , quench - hardened 
layer 11 may have a Vickers hardness of more than or equal 
to 500 HV . In this case , a high - strength mechanical compo 
nent can be securely obtained . It should be noted that 
quench - hardened layer 11 may have a Vickers hardness of 
more than or equal to 550 HV or more than or equal to 580 
HV . Moreover , the above - described Vickers hardness of 
quench - hardened layer 11 refers to an average of measured 
values of the Vickers hardness at multiple positions ( for 
example , five points ) in the depth direction of the quench 
hardened layer in the cross section of mechanical component 
10 . 

[ 0044 ] A method for manufacturing a mechanical compo 
nent according to the present disclosure includes : preparing 
a steel target object 1 to be formed into the mechanical 
component ( preparing step ( S10 ) , and performing a 
quenching treatment by heating a surface portion of target 
object 1 to a heating temperature more than or equal to an 
A3 transformation point temperature and then cooling the 
surface portion , under application of shear strain to the 
surface portion of target object 1 ( heat treatment step ( S20 ) . 
Target object 1 has a carbon content of more than or equal 
to 0 . 2 mass % . In the step ( S20 ) of performing the quenching 
treatment , the heating temperature is more than or equal to 
800° C . , and the surface portion of target object 1 is cooled 
in the quenching treatment at a cooling rate of more than or 
equal to 35° C . / second in a temperature range from 850° C . 
to 300° C . 
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practical problem . The speed of moving the heated portion 
may be more than or equal to 0 . 7 mm / second , or more than 
or equal to 1 mm / second . 
[ 0053 ] In the method for manufacturing the mechanical 
component , in the step ( S20 ) of performing the quenching 
treatment , a strain amount of the shear strain may be more 
than or equal to 7 . 1 . In this case , sufficient shear strain is 
applied to the surface portion , whereby the crystalline struc 
ture in the surface portion can be securely fine . Here , the 
strain amount of the shear strain is more than or equal to 7 . 1 
because the prior austenite crystal grains of the quench 
hardened layer may become insufficiently fine if the strain 
amount is less than 7 . 1 . The strain amount may be more than 
or equal to 7 . 5 or more than or equal to 8 . 

[ 0045 ] In this way , there can be obtained high - strength 
steel mechanical component 10 having the surface portion 
provided with quench - hardened layer 11 having a fine 
crystalline structure . 
[ 0046 ] It should be noted that the heating temperature is 
more than or equal to 800° C . in order to securely perform 
the quenching treatment by securely causing the surface 
portion of target object 1 to have the temperature more than 
or equal to the A3 transformation point . The heating tem 
perature may be more than or equal to 850° C . or more than 
or equal to 900° C . Moreover , the upper limit of the heating 
temperature may be 1000° C . 
[ 0047 ] Moreover , the cooling rate is set at more than or 
equal to 35º C . / second in the temperature range from 850° 
C . to 300° C . in view of a possibility of occurrence of a 
portion with incomplete quenching when the cooling rate is 
less than 35° C . / second . The cooling rate may be more than 
or equal to 38° C . / second or more than or equal to 40° 
C . / second in the temperature range from 850° C . to 300° C . 
[ 0048 ] In the method for manufacturing the mechanical 
component , in the step ( S20 ) of performing the quenching 
treatment , two positions in target object 1 may be held by 
first and second holders ( rotating portion 4 and fixing 
portion 5 ) and the first holder ( rotating portion 4 ) may be 
rotated relative to the second holder ( fixing portion 5 ) 
around a rotation axis extending from the first holder ( rotat 
ing portion 4 ) toward the second holder ( fixing portion 5 ) so 
as to apply shear strain to the surface portion of target object 

[ 0049 ] In this case , by such a comparatively simple pro 
cess that the holder ( rotating portion 4 ) is rotated with the 
two positions in target object 1 being held , the shear strain 
can be applied to target object 1 . Accordingly , the method 
for manufacturing the mechanical component can be sup 
pressed from being complicated . 
[ 0050 ] In the method for manufacturing the mechanical 
component , the rotating speed ( twisting speed ) may be more 
than or equal to 0 . 05 ( rotation / second ) when the first holder 
( rotating portion 4 ) is rotated relative to the second holder 
( fixing portion 5 ) . 
[ 0051 ] In this case , sufficient shear strain can be generated 
in the surface portion of target object 1 , whereby the 
crystalline structure ( prior austenite crystal grains ) in the 
surface portion can be securely fine . It should be noted that 
the rotating speed described above is set at more than or 
equal to 0 . 05 ( rotation / second ) because sufficient shear 
strain may not be able to be applied to the surface portion of 
target object 1 if the rotating speed is less than 0 . 05 
( rotation / second ) . The rotating speed may be more than or 
equal to 0 . 07 ( rotation / second ) , or may be more than or 
equal to 0 . 1 ( rotation / second ) . 
0052 ] In the method for manufacturing the mechanical 
component , in the step ( S20 ) of performing the quenching 
treatment , a portion of the surface portion is heated and the 
heated portion may be moved in the surface portion . The 
heated portion may be moved at a speed of more than or 
equal to 0 . 5 mm / second . In this case , operation efficiency of 
the quenching treatment in the method for manufacturing the 
mechanical component can be made sufficiently high . It 
should be noted that the speed of moving the heated portion 
is more than or equal to 0 . 5 mm / second due to the following 
reason : if the speed of moving the heated portion is less than 
0 . 5 mm / second , the operation efficiency of the quenching 
treatment becomes too low , thus presumably resulting in a 

Experiment Example 
[ 0054 The following experiment was conducted in order 
to confirm the effect of the present embodiment . 
[ 0055 ] ( Samples ) 
[ 0056 ] As samples , carbon steel axial materials each hav 
ing a small amount of boron added therein was used . For the 
samples , three types of samples ID1 to ID3 were prepared . 
In each of the samples , the content of carbon was 0 . 38 mass 
% . The shape of the sample was a cylindrical shape . The size 
of the sample was as follows : the length thereof was 500 
mm ; and the diameter thereof in a cross section was 20 . 1 
mm . 

[ 0057 ] ( Heat Treatment ) 
[ 0058 ] The processing apparatus shown in FIG . 2 was 
used to perform heat treatment to samples ID1 to ID3 
Specifically , the samples were heated through high - fre 
quency induction heating using heating coil 2 . By moving 
heating coil 2 and adjacent cooling nozzle 3 along the axial 
direction of each sample , the surface of the sample was 
quenched . Heating coil 2 and cooling nozzle 3 were moved 
at a speed of 0 . 5 mm / second . 
[ 0059 ] Moreover , the heat treatment was performed under 
conditions that the surface temperature of each of the 
samples was heated to the heating temperature ( 900° C . ) 
more than or equal to the A3 transformation point and then 
was cooled , thereby performing the quenching treatment . 
The cooling was performed under conditions that the cool 
ing rate was 37° C . / second in a temperature range from 850° 
C . to 300° C . 
[ 0060 ] Moreover , the heating treatment was performed 
under different conditions for the samples with regard to the 
twisting of each sample in the heat treatment . Specifically , 
for sample ID1 , the heat treatment was performed without 
twisting . For sample ID2 , the heat treatment was performed 
with the rotating speed ( twisting speed ) of rotating portion 
4 relative to fixing portion 5 being 0 . 025 ( rotation / second ) . 
For sample ID3 , the heat treatment was performed with the 
rotating speed being 0 . 05 ( rotation / second ) . 
[ 0061 ] ( Measurement Items ) 
10062 ] The external appearance of each of the samples 
having been through the heat treatment was observed , a 
cross - sectional photograph of the surface layer ( quench 
hardened layer ) of each of the samples in a cross section was 
captured , and a microstructure in the cross section was 
observed . Specifically , the cross section of each of the 
samples having been through the heat treatment was cor 
roded with AGS and the microstructure was observed using 
an optical microscope . 
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[ 0063 ] Moreover , an amount of shear strain was measured 
in sample ID3 . The following method was used as a method 
for measuring the amount of shear strain . That is , in the outer 
circumferential surface of the sample having been through 
the heat treatment , a below - described linear pattern extend 
ing along the circumferential direction is formed as shown 
in FIG . 4 . An angle between the longitudinal axis ( rotation 
axis ) of the sample and the direction in which the linear 
pattern extends was found by measurement . Then , tan was 
calculated as the amount of shear strain . 
[ 0064 ] Moreover , in the cross section , a Vickers hardness 
was measured in a region from the surface to a depth of 200 
um . Specifically , the Vickers hardness was measured in the 
depth direction at five positions at an interval of 40 um 
within a region from the surface to a depth of 200 um in the 
cross section of each sample . 
[ 0065 ] ( Results ) 
[ 0066 ] Results of Observation of External Appearances : 
[ 0067 ] FIG . 4 shows respective photos of external appear 
ances of sample ID1 ( at the upper side ) having been through 
the heat treatment without twisting and sample ID3 ( at the 
lower side ) having been through the heat treatment with 
sample ID3 being twisted at a rotating speed of 0 . 05 
( rotation / second ) . As understood from FIG . 4 , a linear 
pattern was generated in sample ID3 to extend in a direction 
( circumferential direction along the twisting direction ) indi 
cated by a white - dot line . 
[ 0068 ] Amount of Shear Strain : 
[ 0069 ] The amount of shear strain in sample ID3 was 
about 7 . 1 . 
[ 0070 ] Vickers Hardness Measurements : 
[ 0071 ] As a result of measuring the Vickers hardness in 
each of samples ID1 to ID3 , the average value of the Vickers 
hardness in each of samples ID1 to ID3 was more than or 
equal to 600 HV in the region from the surface to the depth 
of 200 um . That is , in each of the samples , the region from 
the surface to the depth of 200 um was quench - hardened . 
[ 0072 ] Microstructure Observation in Cross Section : 
[ 0073 ] FIG . 5 to FIG . 7 respectively show the microstruc 
tures of the cross sections of samples ID to ID3 after the 
corrosion with AGS . The microstructures were observed 
using an optical microscope . FIG . 5 shows the microstruc 
ture photograph of the cross section of sample ID1 . The 
grain size number ( see JIS G0551 ) of the prior austenite 
crystal grains in sample ID1 shown in FIG . 5 was No . 9 . The 
grain size number of the prior austenite crystal grains in 
sample ID2 shown in FIG . 6 was No . 10 . The grain size 
number of the prior austenite crystal grains in sample ID3 
shown in FIG . 7 was No 12 . 

10074 ] From these , it was confirmed that the quench 
hardened layer having the fine crystal grains can be formed 
by performing the heat treatment while twisting ( i . e . , while 
applying shear strain ) . 
0075 ] It should be noted that the carbon steel having a 
small amount of boron added therein was used as the 
material of each of samples ID1 to ID3 ; however , a steel 
having a carbon concentration of more than or equal to 0 . 2 
mass % is effective because a hardness of more than or equal 
to 500 HV is obtained after hardening . 
[ 0076 ] Although the embodiments of the present invention 
have been illustrated , the embodiments described above can 
be modified in various manners . Further , the scope of the 
present invention is not limited to the above - described 
embodiments . The scope of the present invention is defined 
by the terms of the claims , and is intended to include any 
modifications within the scope and meaning equivalent to 
the terms of the claims . 

INDUSTRIAL APPLICABILITY 
[ 0077 ] The present invention is applied particularly 
advantageously to a mechanical component having a 
quench - hardened layer formed in a surface of the mechani 
cal component . 

REFERENCE SIGNS LIST 
[ 0078 ] 1 : target object ; 2 : heating coil ; 3 : cooling 

nozzle ; 4 : rotating portion ( motor and reduction gears ) ; 
5 : fixing portion ; 6 : matching board ( capacitor , trans 
former ) ; 7 : coolant circulating device for cooling the 
matching board / heating coil and for supplying coolant 
to the cooling nozzle ; 8 : high - frequency induction 
heating power supply ( inverter ) ; 9 : coolant circulating 
device for cooling the high - frequency induction heat 
ing power supply ; 10 : mechanical component ; 11 : 
quench - hardened layer ; 12 : core portion . 

1 . A mechanical component composed of a steel having a 
carbon content of more than or equal to 0 . 2 mass % and less 
than or equal to 0 . 8 mass % , the mechanical component 
comprising a quench - hardened layer formed in a surface 
layer of the mechanical component , 

in the quench - hardened layer , a grain size number of prior 
austenite crystal grains being No . 11 or higher . 

2 . The mechanical component according to claim 1 , 
wherein the quench - hardened layer has a thickness of more 
than or equal to 4 mm . 

3 . The mechanical component according to claim 1 , 
wherein the quench - hardened layer has a Vickers hardness 
of more than or equal to 500 HV . 

* * * * * 


