
1 

DESCRIPTION 

 

TAPPING SCREW 

 

Technical Field 5 

The present invention relates to a tapping screw which is threaded into a non-threaded 

hole, formed in a workpiece, while forming an internal thread in the hole. 

 

Background Art 

Generally, tapping screws are threaded into workpieces made of soft materials such as 10 

resin, aluminum alloys, etc.  A representative example of such tapping screws was proposed in 

Japanese Patent No. 3290362.  In this tapping screw, an external thread is spirally formed on an 

outer circumferential surface of a shaft part.  By virtue of the external thread, the tapping screw 

forms an internal thread in a hole formed in a workpiece while the tapping screw is threaded into 

the hole.  Furthermore, portions of a ridge of the external thread are cut out in the same direction 15 

as that of an axis of the tapping screw so as to form clearance grooves.  Portions of the 

workpiece that are compressed by the external thread when the internal thread is formed, are 

embedded into the clearance grooves, thus exerting an anti-loosening effect. 

 

[Prior Art Document] 20 

[Patent Document] 

Patent Document 1: Japanese Patent No. 3290362 

 

Disclosure 

Technical Problem 25 

However, the conventional tapping screw cannot satisfactorily exert an anti-loosening 

DESCRIPTION TAPPING SCREW 5 Technical field       The present invention relates to a tapping
screw which is threaded into a non-threaded hole, formed in a workpiece, while forming an internal
thread in the hole. Background Art 10Generally, tapping screws are threaded into workpieces made of
soft materials such as resin, aluminum alloys, etc. A representative example of such tapping screws
was proposed in Japanese Patent No. 3290362. In this tapping screw, an external thread is spirally
formed on an outer circumferential surface of a shaft part. By virtue of the external thread, the tapping
screw forms an internal thread in a hole formed in a workpiece while the tapping screw is threaded into
15 the hole. Furthermore, portions of a ridge of the external thread are cut out in the same direction as
that of an axis of the tapping screw so as to form clearance grooves. Portions of the workpiece that are
compressed by the external thread when the internal thread is formed, are embedded into the
clearance grooves, thus exerting an anti-loosening effect. 20[Prior Art Document] [Patent Document]
Patent Document 1: Japanese Patent No. 3290362 Disclosure 25 Technical Problem However, the
conventional tapping screw cannot satisfactorily exert an anti-loosening 
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effect, so that it is difficult to reliably prevent the tapping screw from being undesirably loosened. 

 

Technical Solution 

In order to overcome the above problem, the present invention provides a tapping screw, 

including: a shaft part; and a normal thread formed on an outer circumferential surface of the 5 

shaft part, wherein a clearance groove is formed by cutting out a portion of a ridge of the normal 

thread, and an engaging protrusion is provided on a bottom of the clearance groove along a 

portion or an entirety of an edge of the bottom that continuously extends from a flank surface of 

the normal thread. 

The tapping screw can exert not only an anti-loosening effect resulting from a portion of 10 

the workpiece being embedded into the clearance groove but also an anti-loosening effect 

resulting from the engaging protrusion being embedded into the portion of the workpiece that 

has been embedded into the clearance groove. 

The normal thread may have an asymmetric shape, and the engaging protrusion may be 

provided on an edge of the bottom of the clearance groove that continuously extends from a 15 

flank surface having a smaller flank angle. 

In the tapping screw having the above-mentioned structure, a portion of workpiece, 

which is compressed by the external thread when an internal thread is formed in the hole of the 

workpiece, is embedded into each clearance groove.  Here, a larger amount of workpiece portion 

is embedded the side that has the smaller flank angle.  Therefore, in the case where the engaging 20 

protrusion is provided on an edge of the bottom of the clearance groove that continuously 

extends from the flank surface having a smaller flank angle, the anti-loosening effect can be 

further enhanced. 

The shaft part may have a cross-sectional shape formed in such a way that a plurality of 

arc-shaped parts having different curvature radii are connected to each other. 25 

In this case, portions of the workpiece that are compressed by the external thread while 

effect, so that it is difficult to reliably prevent the tapping screw from being undesirably loosened.
Technical Solution In order to overcome the above problem, the present invention provides a tapping
screw, 5 including: a shaft part; and a normal thread formed on an outer circumferential surface of the
shaft part, wherein a clearance groove is formed by cutting out a portion of a ridge of the normal
thread, and an engaging protrusion is provided on a bottom of the clearance groove along a portion or
an entirety of an edge of the bottom that continuously extends from a flank surface of the normal
thread. 10The tapping screw can exert not only an anti-loosening effect resulting from a portion of the
workpiece being embedded into the clearance groove but also an anti-loosening effect resulting from
the engaging protrusion being embedded into the portion of the workpiece that has been embedded
into the clearance groove.        The normal thread may have an asymmetric shape, and the engaging
protrusion may be 15 provided on an edge of the bottom of the clearance groove that continuously
extends from a flank surface having a smaller flank angle.       In the tapping screw having the
above-mentioned structure, a portion of workpiece, which is compressed by the external thread when
an internal thread is formed in the hole of the workpiece, is embedded into each clearance groove.
Here, a larger amount of workpiece portion 20 is embedded the side that has the smaller flank angle.
Therefore, in the case where the engaging protrusion is provided on an edge of the bottom of the
clearance groove that continuously extends from the flank surface having a smaller flank angle, the
anti-loosening effect can be further enhanced.          The shaft part may have a cross-sectional shape
formed in such a way that a plurality of 25 arc-shaped parts having different curvature radii are
connected to each other. In this case, portions of the workpiece that are compressed by the external
thread while the internal thread is formed in the hole are embedded into the circumferential surface of
the shaft part, thus further enhancing the anti-loosening effect. 
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the internal thread is formed in the hole are embedded into the circumferential surface of the 

shaft part, thus further enhancing the anti-loosening effect. 

 

Advantageous Effects 

A tapping screw according to the present invention exerts an excellent anti-loosening 5 

effect even when a workpiece expands, contracts or oscillates. 

 

Description of Drawings 

FIG. 1 is a front view showing a first embodiment of the present invention;  

FIG. 2 is an enlarged front view showing a critical portion of the first embodiment of the 10 

present invention; 

FIG. 3 is a sectional view taken along line A-A of FIG. 2; 

FIG. 4 is an enlarged longitudinal sectional view of a critical portion of the first 

embodiment of the present invention; 

FIG. 5 is an enlarged front view showing a critical portion of a second embodiment of 15 

the present invention; 

FIG. 6 is an enlarged longitudinal sectional view of a critical portion of the second 

embodiment of the present invention; 

FIG. 7 is an enlarged front view showing a critical portion of a third embodiment of the 

present invention; 20 

FIG. 8 is an enlarged longitudinal sectional view of a critical portion of the third 

embodiment of the present invention; 

FIG. 9 is an enlarged front view showing a critical portion of a fourth embodiment of the 

present invention; 

FIG. 10 is an enlarged longitudinal sectional view of a critical portion of the fourth 25 

embodiment of the present invention; and 

Advantageous Effects 5A tapping screw according to the present invention exerts an excellent
anti-loosening effect even when a workpiece expands, contracts or oscillates. Description of Drawings
FIG. 1 is a front view showing a first embodiment of the present invention; 10FIG. 2 is an enlarged
front view showing a critical portion of the first embodiment of the present invention; FIG. 3 is a
sectional view taken along line A-A of FIG. 2;       FIG. 4 is an enlarged longitudinal sectional view of a
critical portion of the first embodiment of the present invention; 15FIG. 5 is an enlarged front view
showing a critical portion of a second embodiment of the present invention;       FIG. 6 is an enlarged
longitudinal sectional view of a critical portion of the second embodiment of the present invention;
FIG. 7 is an enlarged front view showing a critical portion of a third embodiment of the 20 present
invention;       FIG. 8 is an enlarged longitudinal sectional view of a critical portion of the third
embodiment of the present invention; 
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FIG. 11 is an enlarged cross-sectional view showing a critical portion of a fifth 

embodiment of the present invention. 

 

Best Mode 

Hereinafter, a first embodiment of the present invention will be described in detail with 5 

reference to FIGS. 1 through 4.  Referring to FIG. 1, reference numeral 1 denotes a tapping 

screw including a head part 2 and a shaft part 3 which is integrally provided with the head part 2.  

For example, the tapping screw 1 is made of carbon steel.  The head part 2 has in the surface 

thereof a drive hole (not shown) through which screw driving force is transmitted to the tapping 

screw 1 from a driver bit (not shown).  A normal thread 10 is formed on an outer circumferential 10 

surface of the shaft part 3 that is integrally provided with the head part 2. 

Having a smaller diameter than that of the normal thread 10, a guide thread 11 is 

provided on the outer circumferential surface of a front end of the shaft part 3 and continuously 

extended from the normal thread 10.  The guide thread 11 has a diameter that is equal to or is 

slightly greater than the diameter of a hole 41 formed in a workpiece 40.  As such, the tapping 15 

screw 1 is configured such that after the front end of the shaft part 3 is inserted into the hole 41, 

the tapping screw 1 is threaded into the workpiece 40 while the guide thread 11 and the normal 

thread 10 form an internal thread in the hole 41 of the workpiece 40.  The workpiece 40 is made 

of a soft material such as a resin or an aluminum alloy. 

As shown in FIG. 1, the normal thread 10 has therein a plurality of clearance grooves 20 20 

which are formed by cutting out portions of the ridge of the normal thread 10.  The clearance 

grooves 20 are arranged along a line L1 extending in the same direction as that of the axis of the 

tapping screw 1.  As shown in FIG. 3, the clearance grooves 20 are arranged at positions spaced 

apart from each other at regular intervals with reference to a circumferential direction of the 

normal thread 10.  The depth of each clearance groove 20 is set to about 2/3 of the height of the 25 

normal thread 10.  Portions of the workpiece 40 that are compressed by the external thread when 

FIG. 9 is an enlarged front view showing a critical portion of a fourth embodiment of the present
invention; 25FIG. 10 is an enlarged longitudinal sectional view of a critical portion of the fourth
embodiment of the present invention; and         FIG. 11 is an enlarged cross-sectional view showing a
critical portion of a fifth embodiment of the present invention. Best Mode 5Hereinafter, a first
embodiment of the present invention will be described in detail with reference to FIGS. 1 through 4.
Referring to FIG. 1, reference numeral 1 denotes a tapping screw including a head part 2 and a shaft
part 3 which is integrally provided with the head part 2. For example, the tapping screw 1 is made of
carbon steel. The head part 2 has in the surface thereof a drive hole (not shown) through which screw
driving force is transmitted to the tapping 10 screw 1 from a driver bit (not shown). A normal thread 10
is formed on an outer circumferential surface of the shaft part 3 that is integrally provided with the head
part 2.       Having a smaller diameter than that of the normal thread 10, a guide thread 11 is provided
on the outer circumferential surface of a front end of the shaft part 3 and continuously extended from
the normal thread 10. The guide thread 11 has a diameter that is equal to or is 15 slightly greater than
the diameter of a hole 41 formed in a workpiece 40. As such, the tapping screw 1 is configured such
that after the front end of the shaft part 3 is inserted into the hole 41, the tapping screw 1 is threaded
into the workpiece 40 while the guide thread 11 and the normal thread 10 form an internal thread in the
hole 41 of the workpiece 40. The workpiece 40 is made of a soft material such as a resin or an
aluminum alloy. 20As shown in FIG. 1, the normal thread 10 has therein a plurality of clearance
grooves 20 which are formed by cutting out portions of the ridge of the normal thread 10. The
clearance grooves 20 are arranged along a line Li extending in the same direction as that of the axis of
the 
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the internal thread is formed in the workpiece 40 are embedded into the clearance grooves 20, 

thus exerting an anti-loosening effect. 

As shown in FIG. 1, the clearance groove 20 may be arranged along a line L2 extending 

in a direction perpendicular to a tangential line of the spiral of the normal thread 10.  Thereby, 

the pull-out resistance of the tapping screw 1 is enhanced so that the tapping screw 1 that has 5 

been threaded into the workpiece 40 can be reliably prevented from being undesirably removed 

therefrom. 

As shown in FIG. 4, the normal thread 10 is configured to have a asymmetric shape in 

such a way that a leading flank angle α is greater than a pressure flank angle β so as to prevent 

the tapping screw 1 from being loosening. 10 

As shown in FIGS. 2 and 4, an engaging protrusion 30 is provided on an edge of a 

bottom 21 of the clearance groove 20 that extends from a pressure flank surface 11 of the normal 

thread 10.  The engaging protrusion 30 protrudes from the bottom 21 of the clearance groove 20 

and has a reverse V-shaped cross-section.  The height of the engaging protrusion 30 is set to the 

maximum about 1/5 of the depth of the clearance groove 20.  Portions of the workpiece 40 15 

which are compressed by the external thread when the internal thread is formed in the workpiece 

40 are deeply embedded into the clearance grooves 20 to the bottom 21 by springback.  Here, the 

engaging protrusions 30 are embedded into the portions of the workpiece 40, thus further 

enhancing the anti-loosening effect. 

Of sides at which the pressure flank surface 11 and the leading flank surface 12 are 20 

disposed, the amount of workpiece portion that is embedded into the clearance groove 20 

towards a side having a smaller flank angle α or β is larger than that of a side having a larger 

flank angle α or β.  Therefore, a location at which the engaging protrusion 30 is disposed is 

determined depending on setting of the leading flank angle α and the pressure flank angle β.  In 

the case of the tapping screw 1 of the first embodiment in which the pressure flank angle β is less 25 

than the leading flank angle α (β < α), the engaging protrusion 30 is provided along the edge of 

tapping screw 1. As shown in HG. 3, the clearance grooves 20 are arranged at positions spaced apart
from each other at regular intervals with reference to a circumferential direction of the 25 normal
thread 10. The depth of each clearance groove 20 is set to about 2/3 of the height of the normal thread
10. Portions of the workpiece 40 that are compressed by the external thread when  the internal thread
is formed in the workpiece 40 are embedded into the clearance grooves 20, thus exerting an
anti-loosening effect.       As shown in FIG. 1, the clearance groove 20 may be arranged along a line
L2 extending in a direction perpendicular to a tangential line of the spiral of the normal thread 10.
Thereby, 5 the pull-out resistance of the tapping screw 1 is enhanced so that the tapping screw 1 that
has been threaded into the workpiece 40 can be reliably prevented from being undesirably removed
therefrom.        As shown in FIG. 4, the normal thread 10 is configured to have a asymmetric shape in
such a way that a leading flank angle a is greater than a pressure flank angle 13 so as to prevent 10
the tapping screw 1 from being loosening.       As shown in FIGS. 2 and 4, an engaging protrusion 30
is provided on an edge of a bottom 21 of the clearance groove 20 that extends from a pressure flank
surface 11 of the normal thread 10. The engaging protrusion 30 protrudes from the bottom 21 of the
clearance groove 20 and has a reverse V-shaped cross-section. The height of the engaging protrusion
30 is set to the 15 maximum about 1/5 of the depth of the clearance groove 20. Portions of the
workpiece 40 which are compressed by the external thread when the internal thread is formed in the
workpiece 40 are deeply embedded into the clearance grooves 20 to the bottom 21 by springback.
Here, the engaging protrusions 30 are embedded into the portions of the workpiece 40, thus further
enhancing the anti-loosening effect. 20Of sides at which the pressure flank surface 11 and the leading
flank surface 12 are disposed, the amount of workpiece portion that is embedded into the clearance
groove 20 towards a side having a smaller flank angle a or 13 is larger than that of a side having a
larger 
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the bottom 21 that continuously extends from the pressure flank surface 11.  When thread 

coupling is completed, the pressure flank surface 11 forcibly pressurizes the internal threaded 

portion.  Thereby, springback is caused in the internal threaded portion, so that the engaging 

protrusions 30 are embedded into the internal threaded portion.  As a result, the anti-loosening 

effect can be markedly enhanced. 5 

FIGS. 5 and 6 illustrate a tapping screw 1a of the second embodiment. 

The tapping screw 1a is set such that the pressure flank angle β is larger than the leading 

flank angle α (β > α).  Therefore, an engaging protrusion 30a is provided on an edge of the 

bottom 21 that continuously extends from the leading flank surface 12. 

FIGS. 7 and 8 illustrate a tapping screw 1b of the third embodiment.  The tapping screw 10 

1b is set such that the pressure flank angle β is the same as the leading flank angle α (β = α).  

Therefore, engaging protrusions 30b and 3lb are respectively provided on opposite edges of the 

bottom 21 that extend from the pressure flank surface 11 and the leading flank surface 12. 

FIGS. 9 and 10 illustrate a tapping screw 1c of the fourth embodiment.  An engaging 

protrusion 30c is formed by protruding a portion of an edge of the bottom 21 that continuously 15 

extends from the pressure flank surface 11.  In this case, the engaging protrusion 30c can also be 

embedded into the portions of the workpiece 40 that have been embedded into the clearance 

groove 20, thus exerting the anti-loosening effect. 

Meanwhile, as shown in FIG. 3, the bottom 21 of the clearance groove 20 is a curved 

surface.  A leading side wall 22 and a trailing side wall 23 are respectively provided on opposite 20 

ends of the bottom 21, thus forming the clearance groove 20, wherein the leading side wall 22 is 

disposed at a leading side with respect to the direction in which the tapping screw 1 is tightened, 

and the trailing side wall 23 is disposed at a trailing side.  In FIG. 3, a junction point between the 

leading side wall 22 and the bottom 21 is designated by reference character P, and a junction 

point between the trailing side wall 23 and the bottom 21 is designated by reference character Q.  25 

A point at which tangential lines on the bottom 21 at the junction points P and Q intersect with 

flank angle a or 11 Therefore, a location at which the engaging protrusion 30 is disposed is determined
depending on setting of the leading flank angle a and the pressure flank angle 11 In 25 the case of the
tapping screw 1 of the first embodiment in which the pressure flank angle 13 is less than the leading
flank angle a (13 < a), the engaging protrusion 30 is provided along the edge of  the bottom 21 that
continuously extends from the pressure flank surface 11. When thread coupling is completed, the
pressure flank surface 11 forcibly pressurizes the internal threaded portion. Thereby, springback is
caused in the internal threaded portion, so that the engaging protrusions 30 are embedded into the
internal threaded portion. As a result, the anti-loosening 5 effect can be markedly enhanced. FIGS. 5
and 6 illustrate a tapping screw la of the second embodiment.       The tapping screw la is set such that
the pressure flank angle p is larger than the leading flank angle a (13 > a). Therefore, an engaging
protrusion 30a is provided on an edge of the bottom 21 that continuously extends from the leading
flank surface 12. 10FIGS. 7 and 8 illustrate a tapping screw lb of the third embodiment. The tapping
screw lb is set such that the pressure flank angle [3 is the same as the leading flank angle a (13 = a).
Therefore, engaging protrusions 30b and 31b are respectively provided on opposite edges of the
bottom 21 that extend from the pressure flank surface 11 and the leading flank surface 12. FIGS. 9
and 10 illustrate a tapping screw lc of the fourth embodiment. An engaging 15 protrusion 30c is formed
by protruding a portion of an edge of the bottom 21 that continuously extends from the pressure flank
surface 11. In this case, the engaging protrusion 30c can also be embedded into the portions of the
workpiece 40 that have been embedded into the clearance groove 20, thus exerting the anti-loosening
effect. Meanwhile, as shown in HG. 3, the bottom 21 of the clearance groove 20 is a curved 
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each other denotes an intersection point O. 

Here, the leading side wall 22 is set such that an angle θ1 between it and the line OP is 

90º or an acute angle although it is not shown in the drawing.  On the other hand, the trailing side 

wall 23 is set such that an angle θ2 between it and the line OQ is an obtuse angle.  Therefore, 

when the tapping screw 1 is rotated in the direction (designated by the arrow Y2) in which it is 5 

loosened, the leading side wall 22 is stopped by a portion of the workpiece 40 that has been 

embedded into the clearance groove 20.  Thereby, the anti-loosening effect can be exerted.  

Meanwhile, when the tapping screw 1 is rotated in the direction (designated by the arrow Y1) in 

which it is tightened while forming an internal thread, the trailing side wall 23 is not stopped by 

the portion of the workpiece 40, whereby the tapping screw 1 can be smoothly threaded into the 10 

workpiece 40. 

FIG. 11 illustrates a tapping screw 1d according to a fifth embodiment of the present 

invention.  The cross-sectional shape of the shaft part 3e is formed in such a way that arc-shaped 

parts 25d and 26d having different curvature radii are alternately connected to each other.  Thus, 

portions of the workpiece 40, which are compressed by the external thread when the internal 15 

thread is formed, are embedded into connection portions of the arc-shaped parts 25d and 26d, 

whereby the anti-loosening effect can be further enhanced. 

 

<Description of the Reference Numerals in the Drawings> 

1, 1a, lb, 1c, 1d tapping screw 20 

2 head part 

3, 3e shaft part 

9 guide thread 

10 normal thread 

11 pressure flank surface 25 

12 leading flank surface 

20 surface. A leading side wall 22 and a trailing side wall 23 are respectively provided on opposite
ends of the bottom 21, thus forming the clearance groove 20, wherein the leading side wall 22 is
disposed at a leading side with respect to the direction in which the tapping screw 1 is tightened, and
the trailing side wall 23 is disposed at a trailing side. In FIG. 3, a junction point between the leading
side wall 22 and the bottom 21 is designated by reference character P, and a junction 25 point
between the trailing side wall 23 and the bottom 21 is designated by reference character Q. A point at
which tangential lines on the bottom 21 at the junction points P and Q intersect with each other
denotes an intersection point 0.       Here, the leading side wall 22 is set such that an angle 01
between it and the line OP is 9ce or an acute angle although it is not shown in the drawing. On the
other hand, the trailing side wall 23 is set such that an angle 02 between it and the line OQ is an
obtuse angle. Therefore, 5 when the tapping screw 1 is rotated in the direction (designated by the
arrow Y2) in which it is loosened, the leading side wall 22 is stopped by a portion of the workpiece 40
that has been embedded into the clearance groove 20. Thereby, the anti-loosening effect can be
exerted. Meanwhile, when the tapping screw 1 is rotated in the direction (designated by the arrow Y1)
in which it is tightened while forming an internal thread, the trailing side wall 23 is not stopped by 10
the portion of the workpiece 40, whereby the tapping screw 1 can be smoothly threaded into the
workpiece 40.       FIG. 11 illustrates a tapping screw 1 d according to a fifth embodiment of the
present invention. The cross-sectional shape of the shaft part 3e is formed in such a way that
arc-shaped pacts 25d and 26d having different curvature radii are alternately connected to each other.
Thus, 15 portions of the workpiece 40, which are compressed by the external thread when the internal
thread is formed, are embedded into connection portions of the arc-shaped parts 25d and 26d,
whereby the anti-loosening effect can be further enhanced.          <Description of the Reference
Numerals in the Drawings> 201, la, lb, lc, 1 d tapping screw 
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20 clearance groove 

21 bottom 

22 leading side wall 

23 trailing side wall 

25d, 26d arc-shaped part 5 

30, 30a, 30b, 3lb, 30c engaging protrusion 

40 workpiece 

41 hole 

  

10 

2 head part 3, 3e shaft part 9 guide thread 10 normal thread 2511 pressure flank surface 12 leading
flank surface  20 clearance groove 21 bottom 22 leading side wall 23 trailing side wall 525d, 26d
arc-shaped part 30, 30a, 30b, 31b, 30c engaging protrusion 40 workpiece 
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CLAIMS 

 

1.  A tapping screw, comprising: a shaft part; and a normal thread formed on an outer 

circumferential surface of the shaft part,  

wherein a clearance groove is formed by cutting out a portion of a ridge of the normal 5 

thread, and an engaging protrusion is provided on a bottom of the clearance groove along a 

portion or an entirety of an edge of the bottom that continuously extends from a flank surface of 

the normal thread. 

 

2.  The tapping screw of claim 1, wherein the normal thread has an asymmetric shape, and 10 

the engaging protrusion is provided on an edge of the bottom of the clearance groove that 

continuously extends from a flank surface having a smaller flank angle. 

 

3.  The tapping screw of claim 1 or 2, wherein the shaft part has a cross-sectional shape 

formed in such a way that a plurality of arc-shaped parts having different curvature radii are 15 

connected to each other. 

 

41 hole 10  CLAIMS 1.A tapping screw, comprising: a shaft part; and a normal thread formed on an
outer circumferential surface of the shaft part, 5wherein a clearance groove is formed by cutting out a
portion of a ridge of the normal thread, and an engaging protrusion is provided on a bottom of the
clearance groove along a portion or an entirety of an edge of the bottom that continuously extends
from a flank surface of the normal thread. 10 2.The tapping screw of claim 1 wherein the normal thread
has an asymmetric shape, and the engaging protrusion is provided on an edge of the bottom of the
clearance groove that continuously extends from a flank surface having a smaller flank angle. 3.The
tapping screw of claim 1 or 2, wherein the shaft part has a cross-sectional shape 15 formed in such a
way that a plurality of arc-shaped parts having different curvature radii are connected to each other. 


