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ABSTRACT

It is supposed that N is defined as an
optional natural number equal to or more than 3. A
key wrench has a key section 5-2 engageable with a
socket 2 of an N-sided polygon, and a proximal section
5-1. The key section 5-2 has N side surfaces that
contain a first side surface 50-1, a second side
surface 50-2 and an N'" side surface 50-N. The first
side surface 50-1 is a tapered surface, and the NP
side surface 50-N is a non-tapered surface. Thus, the
key wrench is provided to restrain a transformation of
the surface of the socket and a generation of an

excessive cam out load.
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KEY WRENCH

Technical Field

(00017
The present invention relates to a key
wrench.
Background Art
[0002]

It is known to operate a fastening member
having a hexagonal socket by using, for example, a key
wrench having a key engageable with the hexagonal
socket. FIG. 1 (cross-sectional view) shows a
hexagonal socket 2' of a fastening member 1' and a key
section of a key wrench 5'. The cross-sectional shape
of the key section is formed to be smaller than the
cross—-sectional shape of the hexagonal socket 2'.
Therefore, as shown in FIG. 1, a corner section 6' of
the key section contacts a surface 3' defining the
hexagonal socket 2' in a small area. As a result, a
large stress concentration occurs in a portion
corresponding to the small area. Therefore, the
surface 3' defining the hexagonal socket 2' transforms
due to the corner section 6' of the key section.

[0003]

When the fixation or detachment of the
fastening member 1' is carried out once or more, the
transformation of surface 3' progresses so that there
is a fear that it becomes impossible to operate (fix
or detach) the fastening member 1' with the key
wrench. FIG. 2 shows an example that the shape of the
surface 3' defining the hexagonal socket 2' is changed
to a circular shape, as shown by a reference numeral
3'"'", after the fixation or detachment of the fastening
member 1' is carried out plural times.

[0004]
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As the related technique, Patent Literature 1
discloses a wrench. The wrench disclosed in Patent Literature 1
has an operating section and an acting section. The acting
section has a hexagonal pyramid shape that becomes thinner for
the tip. The side surface of the acting section is inclined
with respect to the axis of the acting section. The fitness
between the acting section and the hexagonal socket of a screw

member is improved because of such a configuration.

Citation List

[Patent Literature]
[0005]
[Patent Literature 1] JP 2000-52264A

Summary of the Invention
[0006]

An object of the present invention is to provide a
key wrench that restrains a transformation of the surface of a
socket and an occurrence of an excessive cam out load.

[0007]

The object, other objects except for the object and
profits of the present invention can be easily confirmed by the
following description and the attached drawings.

[0008]

According to an aspect of the present invention,
there is provided a key wrench comprising: a key section
engageable with a socket of an N-sided polygon when N is an
optional natural number equal to or more than 3; and a proximal
section, wherein the key section has N side surfaces that
contain a first side surface, a second side surface and an N
side surface, wherein the first side surface is a tapered

surface, and a length of the tapered surface is longer than a

CA 3014276 2020-01-27
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depth of the socket into which the key section is to be
inserted, wherein the N*! side surface is a non-tapered
surface, and wherein a cross section corresponding to a free
end of the key section that is perpendicular to a longitudinal
direction axis contains two or more sides that overlap any of N
sides of a virtual regular N-sided polygon, and a first side of
the first side surface that is located on or outside of the
virtual regular N-sided polygon.
[0009]

The key wrench in some embodiments incliludes: a key
section engageable with a socket of an N-sided polygon when N
is an optional natural number equal to or more than 3; and a
proximal section.
[0009a]

The key section has N side surfaces that contain a
first side surface, a second side surface and an N* side

surface. The first side surface 1is a

CA 3014276 2020-01-27
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tapered surface, and the N side surface is a non-
tapered surface.
[0010]

In the above key wrench, the key section may
contain a third side surface. Also, at least one of
the second side surface and the third side surface may
be a tapered surface. Also, the N side surfaces other
than the first side surface, the second side surface
and the third side surface may be the non-tapered
surfaces.

[0011]

In the above key wrench, the second side
surface may be the tapered surface and the third side
surface may be the non-tapered surface.

[0012]

In the above key wrench, the second side
surface may be the tapered surface. The first side
surface that is the tapered surface and the second
side surface that is the tapered surface may be
adjacent to each other.

[0013]

In the above key wrench, a taper angle of the
first side surface may be from 1° to 2.5°.
[0014]

In the above key wrench, a cross section of
the key section that is perpendicular to a
longitudinal direction axis may contain two or more
sides that overlap any of the N sides of a virtual
regular N-sided polygon, and at least one side that 1is
situated out of the virtual regular N-sided polygon.
[0015]

The key wrench in some embodiments includes:
a key section engageable with a socket of an N-sided
polygon when N is an optional natural number equal to
or more than 3; and a proximal section. The key

section has N side surfaces that contain a first side
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surface, a second side surface and an N'® side surface.
The first side surface has a first tapered surface
inclined to a first axis that is a longitudinal
direction central axis of the key section. An NtP
taper angle that is an angle between the N*" side
surface and the first axis 1s smaller than a first
taper angle that is an angle between the first side
surface and the first axis.
[0016]

According to the present invention, the key
wrench can be provided to restrain a transformation of
the surface of the socket and an occurrence of an

excessive cam out load.

Brief Description of the Drawings
[0017]

FIG. 1 is & schematic cross-sectional view
showing a situation that the stress concentration
occurs on the surfaces defining a socket by using a
conventional key wrench.

FIG. 2 is a schematic cross-sectiocnal view
showing a situation that the shape of the surfaces
defining the socket is transformed largely by using
the conventional key wrench.

FIG. 3 is a cross-sectional view of a key
section along a plane perpendicular to a longitudinal
direction of the key section to show a central axis of
the key section in the longitudinal direction.

FIG. 4 is a longitudinal cross-sectional view
of the key section showing the central axis of the key
section in the longitudinal direction and a taper
angle.

FIG. 5 is a diagram showing items recognized
by the inventors.

FIG. 6 is a schematic perspective view

showing the key wrench in an embodiment.
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FIG. 7 is a longitudinal cross-sectional view
showing a situation that the key section of a key
wrench 5 1s inserted in the socket.

FIG. 8 is a cross-sectional view of the key
wrench along a plane A in FIG. 6.

FIG. 9 is a bottom view schematically showing
a modification example of the key wrench in the
embodiment.

FIG. 10A is a schematic bottom view of the
key section of the key wrench in a first example.

FIG. 10B 1s a schematic bottom view of the
key section of the key wrench in a second example.

FIG. 10C is a schematic bottom view of the
key section of the key wrench in a third example.

FIG. 10D is a schematic bottom view of the
key section of the key wrench in a fourth example.

FIG. 10E is a schematic bottom view of the
key section of the key wrench in a fifth example.

FIG. 10F is a schematic bottom view of the
key section of the key wrench in a sixth example.

FIG. 11 is a longitudinal cross-sectional
view showing an application example of the key wrench.

FIG. 12 is a schematic perspective view
showing an application example of the key wrench.

FIG. 13 is a longitudinal cross-sectional
view showing the overview of an experiment apparatus.

FIG. 14 is a diagram of graphs showing a
relation of taper angle and torgue when the socket is
destroyed to show an analysis result.

FIG. 15 is a diagram of graphs showing a
relation of torque and cam out load to show the
analysis result.

FIG. 16 is a diagram of graphs showing a
relation of taper angle, torque when the socket begins
to be transformed, torgue when the socket is

destroyed, and torque when the cam out load becomes 10
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kgf in the first example to the sixth example to show
the analysis result.

FIG. 17 is a diagram of graphs showing a
relation of the number of tapered surfaces and torque
when the socket 1s destroyed to show the experiment
result.

FIG. 18 is a diagram of graphs showing a
relation of taper angle and torgque when the socket is

destroyed to show an experiment result.

Description of Embodiments
[0018]

Hereinafter, a key wrench according to
embodiments will be described with reference to the
attached drawings. ©Note that an identical reference
numeral is assigned to a component having an identical
function in the attached drawings. The repetitive
description of the component having the identical
reference numeral 1is omitted.

[0019]
(Definition of terms)

In this Description, a direction heading for
a proximal end from a distal end (a free end) of a key
section of the key wrench is defined as “a first
direction”. 1In this Description, “an upward
direction” corresponds to the first direction. That
is, in this Description, even when the first direction
and the upward direction do not coincide with each
other actually, “the first direction” is defined as

W

the upward direction. Also, in this Description, a
downward direction (a second direction)” means a
direction opposite to “the upward direction (the first
direction)”.
[0020]

In this Description, a longitudinal direction

central axis L1 of the key section of the key wrench
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is interpreted according to the general technical
common sense. When it is unclear that longitudinal
direction central axis L1 of the key section of the
key wrench corresponds to which of virtual straight
lines even though interpreted according to the general
technical common sense, the longitudinal direction
central axis L1 of the key section is interpreted as
follows:

(1) If at least one of cross sections that are
perpendicular to the longitudinal direction of the key
section of the key wrench 1s a regular polygon, the
longitudinal direction central axis L1 of the key
section means an axis that passes a center of the
cross section of the regular polygon and perpendicular
to the cross section of the regular polygon,

(2) if all of the cross sections that are

perpendicular to the longitudinal direction of the key

- section of the key wrench are not a regular polygon,

the longitudinal direction central axis L1 of the key
section is defined as an axis that passes through a
point of an equal distance from all the sides
corresponding to a non-tapered surface, and that is
perpendicular to one cross section, when an
intersection line between one of cross sections
perpendicular to the longitudinal direction of the key
section and a side surface that is the non-tapered
surface of side surfaces of the key section is defined
as a side corresponding to the non-tapered surface
(referring to FIG. 3, a distance between the
longitudinal direction central axis L1 and the side
corresponding to each non-tapered surface is D.), and
(3) when it is unclear that the longitudinal
direction central axis L1 of the key section of the
key wrench corresponds to which of virtual straight
lines even if the above cases “(l1)” and “(2)” are

considered, the longitudinal direction central axis L1
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of the key section is defined as an axis that passes
through an area center of an end surface (a free end
plane) of the key section of the key wrench, and that
is perpendicular to the end surface. Note that when
the end surface has a round part, the end surface part
from which the round part is excluded is defined as
the end surface (reference to FIG. 4).

[0021]

In this Description, a taper angle of a side
surface of the key section is defined as an angle 6
between the side surface and the longitudinal
direction axis (longitudinal direction central axis
Ll) of the key section, as shown in FIG. 4. More
specifically, the angle 6 is defined as an angle
opposing to a first normal line in a triangle shaped
by one of normal lines of the tapered surface that
intersects with the central axis L1 (hereinafter, to
be referred to “the first normal line”), an extension
line of the central axis L1, and an intersection line
of the tapered surface and a plane containing the
first normal line and the extension line (reference to
FIG. 4).

[0022]
(Matters recognized by the inventors)

Referring to FIG. 5, it is,supposed that a
rotation torque i1s transmitted between the key wrench
5' and the fastening member 1 in a state that the key
wrench 5' having tapered surfaces TA is inserted in
the socket 2 of the fastening member 1. In this case,
inward force F acts on the key wrench 5' due to the
rotation torque (if necessary, reference to the inward
force F shown in FIG. 1). 1In this Description, an

W

upward compcnent (Fz) of the inward force is called ™“a
cam out load”. When the cam out lcad is large, the
load of a worker or a machine holding the key wrench

becomes large. Especially, when the size (the cross-



10

15

20

25

30

35

CA 03014276 2018-08-10

- 9 -

sectional area) of socket 2 is small, or when the
rotation torque transmitted between the key wrench 5°'
and the fastening member 1 is large, the problem of
cam out load becomes conspicuous.
(0023]

Note that FIG. 5 is a diagram to explain the
matters recognized by the inventors, and is not a
diagram showing a known problem.
[0024]
(Key wrench in embodiment)

Referring to FIG. 6 to FIG. 8, the key wrench
5 in the embodiment will be described. FIG. 6 is a
schematic perspective view of the key wrench 5 in the
embodiment. FIG. 7 is a longitudinal cross-sectional
view showing a state that the key section 5-2 of the
the key wrench 5 is inserted in the socket 2. FIG. 8
is a cross-sectional view of the key wrench 5 along a
plane A in FIG. 6 (a diagram showing the cross section
of the key wrench perpendicular.-to the longitudinal
direction central axis L1).
[0025]

The key wrench 5 has a proximal section 5-1
and a key section 5-2. The proximal section 5-1 is a
section that is held by a worker, a tool or a machine.
The key section 5-2 is a section engageable with a
socket of an N-sided polygonal shape, when N is
defined as a natural number egual to or more than 3.
To avoid explanation to become complicated, a case of
N=6 will be described in the following description.
That is, the case where the key wrench 5 is a hex
wrench and the socket 2 is a hexagonal socket will be
described. ©Note that in the explanation of this
Description, it is possible to generalize the
explanation by respectively reading a hexagon, a
regular hexagon, a hexagonal socket, a sixth side

surface and a sixth tapered angle as an N-sided
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polygon, a regular N-sided polygon, an N-sided
polygonal socket, an N'" side surface and an N taper
angle.

[0026]

The proximal section 5-1 and the key section
5-2 are connected through a cross section Bl (a cross
section perpendicular to the longitudinal direction
central axis Ll). In an example shown in FIG. 6, the
cross section Bl is of a hexagon but is not of a
regular hexagon.

[0027]

A transition section 58 may be provided in a
distal end section of the proximal section so that the
cross section becomes small gradually for the tip (the
cross—-sectional area becomes smaller continuously). A
distal end section of the transition section 58 is
connected with the key section 5-2. The occurrence of
large stress concentration is restrained by the
existence of the transition section 58 when a torgue
is transmitted between the key section 5-2 having a
small cross-sectional area and the proximal section 5-
1 having a large cross-sectional area.

[0028]

A proximal end of the key section 5-2 of the
key wrench 5 is connected with the proximal section 5-
1, and a diétal end of the key section 5-2 is a free
end 52. The key section 5-2 has a first side surface
50-1 to a sixth side surface 50-6. That is, the key
section 5-2 has the first side surface 50-1, a second
side surface 50-2, a third side surface 50-3, a fourth
side surface 50-4, a fifth side surface 50-5, and the
sixth side surface 50-6. The first side surface 50-1
contains a tapered surface TA (a first tapered
surface) inclined to the first axis that is the
longitudinal direction central axis Ll. A first taper

angle that is an angle between the first side surface
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50-1 and the first axis is desirably equal to or more

than 1°.
[0029]

The sixth side surface 50-6 of the key
section 5-2 is a non-tapered surface. 1In the example

shown in FIG. 6, the sixth taper angle that is an

angle between the sixth side surface 50-6 and the

longitudinal direction central axis L1 (the first
axis) is 0°. In this Description, the surface that
the taper angle is less than 1° or less than 0.5° may
be contained in the non-tapered surfaces in addition
to the surface that the taper angle is 0° (that is, an
angle to the longitudinal direction central axis L1).
[0030]

The key section 5-2 of the key wrench 5 in
the embodiment has the first side surface that is a
tapered surface and the sixth side surface that is a
non-tapered surface. In other words, the taper angle
of the sixth side surface is smaller than the taper
angle of the first side surface. In the embodiment,
because the key section has the side surface whose
taper angle is 0° or a minute angle, a total value of
cam out loads Fz can be made small, as shown in FIG.
7.

(0031}

FIG. 8 is a cross-sectional view of the key
wrench 5 along the plane A in FIG. 6. The cross
section B2 of the key wrench 5 along the plane A is
hexagonal but i1s non-regular hexagonal. The cross
section B2 is a cross section corresponding to a
portion contacting an opening edge 3a of the socket 2
(referring to FIG. 7) when the key section 5-2 1is
inserted in the socket 2. 1In FIG. 8, the cross
section Bl showing the proximal end of the key section
5-2 of the key wrench 5 and the cross section B3

showing a free end of the key section 5-2 are shown
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for the reference. The cross section B2 is a cross
section that is located between the cross section Bl
and the cross section B3.

[0032]

As would be seen from FIG. 8, the first side
surface 50-1 that is a tapered surface is a surface in
which the distance from the longitudinal direction
central axis L1 becomes small as heading for the tip
(the free end). Also, the first side surface 50-1 is
a surface in which the distance from the side surface
(the fourth side surface 50-4) opposing to the first
side surface 50-1 becomes small as heading for the
tip. On the other hand, when the taper angle of the
sixth side surface 50-6 that is a non-tapered surface
is 0°, the sixth side surface 50-6 is a surface in
which the distance from the longitudinal direction
central axis L1 does not change as heading for the tip
(the free end). In the example shown in FIG. 8, the
angle between the first side surface 50-1 and the side
surface (the fourth side surface 50-4) opposing to the
first side surface i1s larger than the angle between
the sixth side surface 50-6 and the side surface
opposing to the sixth side surface (the third side
surface 50-3).

[0033]

Referring to FIG. 8, in the cross section B2
corresponding to a part that contacts the opening end
edge 3a of the socket in the key section 5-2, the
distance between the first side surface 50-1 that 1is
the tapered surface, and the longitudinal direction
central axis Ll is larger than the distance between
the sixth side surface 50-6 and the longitudinal
direction central axis L1. Therefore, when the key
section 5-2 is inserted in the socket 2, the first
side surface 50-1 that is the tapered surface contacts

the opening end edges of the socket.
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[0034]

Also, in the cross section B2, the distance
between the first side surface 50-1 that is the
tapered surface and the side surface opposing to the
first side surface (the fourth side surface 50-4) is
larger than the distance between the sixth side
surface 50-6 and the side surface opposing to the
sixth side surface (the third side surface 50-3).
Therefore, when the key section 5-2 is inserted in the
socket 2, the first side surface 50-1 that 1is the
tapered surface (or, the first side surface 50-1 and
the fourth side surface 50-4) contacts more surely
contacts the opening end edge of the socket.

[0035]

Also, in the example shown in FIG. 8, the
first side surface 50-1 is located out of a virtual
regular hexagon defined by the second side surface 50-
2 to the sixth side surface 50-6 in the cross section
B2. In other words, the cross section of the key
section 5-2 perpendicular to the longitudinal
direction axis (the longitudinal direction central
axis L1l) has two or more sides or three or more sides
that overlap any of six sides that configure the
virtual regular hexagon (refer to 50-2 50-3, 50-4, 50-
5, 50-6 in FIG. 8) and at least one side that 1is
located out of the virtual hexagonal-shaped having
(refer to the solid line corresponding to 50-1 in FIG.
8).

[0036]

In the cross section B3 corresponding to the
free end of the key section 5-2, the first side
surface 50-1 may be located inside or outside the
virtual regular hexagon defined by the second side
surface 50-2 to the sixth side surface 50-6. In the
example shown in FIG. 8, in the cross section B3, the

first side surface 50-1 is located on the virtual
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regular hexagon defined by the second side surface 50-
2 to the sixth side surface 50-6. In other words, in
the example shown in FIG. 8, the cross section B3
corresponding to the free end of the key section 5-2
is the regular hexagon.

[0037]

In the example shown in FIG. 8, all of the
second side surface 50-2 to the fifth side 50-5 are
non-tapered surfaces, but one, two, three or four of
the second side surface 50-2 to the fifth side surface
50-5 may be tapered surfaces.

[0038]

FIG. 9 is a bottom view schematically showing
a modification example of the key wrench 5 in the
embodiment. As seen from FIG. 9, the first side
surface 50-1 is a tapered surface in which the
distance from the longitudinal direction central axis
L1 becomes small as heading for the tip. On the other
hand, the second side surface 50-2 to the sixth side
surface 50-6 are surfaces in which the distance from
the longitudinal direction central axis L1 becomes
small as heading for the tip. However, the taper
angle (the inclination angle) of the sixth side
surface 50-6 is smaller than the taper angle (the
inclination angle) of the first side surface 50-1 that
is the tapered surface. When the taper angle of the
sixth side surface 50-6 is less than 1° or less than
0.5°, the sixth side surface 50-6 is regarded as being
a non-tapered surface, in this Description.

[0039]

In the example shown in FIG. 9, the rate at
which the distance between the sixth side surface 50-6
and the side surface opposing to the sixth side
surface 50-6 (the third side surface 50-3) decreases
as heading for the tip is smaller than the rate at

which the distance between the first side surface 50-1
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and the side surface opposing to the first side
surface 50-1 (fourth side surface 50-4) decreases as
heading for the tip.

[0040]

In the example shown in FIG. 9, the effect
like the examples shown in FIG. 6 to FIG. 8, that is,
the effect that the cam out load becomes small can be
obtained.

[0041]

In this Description, the first taper angle as
the angle between the first side surface 50-1 and the
longitudinal direction central axis L1 (the first
axis) may change along the longitudinal direction
central axis L1. That is, even when the first taper
angle changes along the longitudinal direction central
axis L1, the first side surface 50-1 is regarded as
the tapered surface if the first taper angle is equal
to or more than 1° in the most of the first side
surface 50-1.

[0042]
(When two tapered surfaces exist)

Referring to FIG. 10A to FIG. 10C,
embodiments in which there are two tapered surfaces
will be described. FIG. 10A to FIG. 10C are schematic
bottom views of the key sections 5-2 of the key
wrenches 5. The opening end edge 3a of the socket is
shown virtually with a broken line in FIG. 10A to FIG.
10cC.

[0043]
(First example: 2-surface a type)

In a first example shown in FIG. 10A, the key
section 5~2 cf the key wrench 5 has the first side
surface 50-1 to the sixth side surface 50-6. The
first side surface 50-1 and the second side surface
50-2 are tapered surfaces TA. It is desirable that

the taper angle of the first side surface 50-1 is
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equal to or more than 1°, and the taper angle of the
second side surface 50-2 is egual to or more than 1°.
[0044]

The first side surface 50-1 and the second
side surface 50-2 are adjacent surfaces, in other
words, connected surfaces. On the other hand, each of
the third side surface 50-3 to the sixth side surface
50-6 is a non-tapered surface. The taper angles of
the third side surface 50-3 to the sixth side surface
50-6 are smaller than the taper angle of the first
side surface 50-1 and smaller than the taper angle of
the second side surface 50~-2. 1In the first example
shown in FIG. 10A, the angle between the first side
surface 50-1 and the side surface opposing to the
first side surface (the fourth side surface 50-4) 1is
larger than the angle between the sixth side surface
50-6 and the side surface opposing to the sixth side
surface (third side surface 50-3). In the same way,
the angle between the second side surface 50-2 and the
side surface opposing to the second side surface (the
fifth side surface 50-5) i1s larger than the angle
between the sixth side surface 50-6 and the side
surface opposing to the sixth side surface (the third
side surface 50-3).

[0045]

In the first example shown in FIG. 10A, when
the key section 5-2 of the key wrench 5 is inserted in
the socket 2, the first side surface 50-1 that is the
first tapered surface and the second side surface 50-2
that is the second tapered surface contact the opening
end edge 3a of the socket. Also, the side surface
opposing to the first side surface 50-1 (the fourth
side surface 50-4) functions as a guide surface to
contact the opening end edge 3a of the socket. In the
same way, the side surface opposing to the second side

surface 50-2 (the fifth side surface 50-5) function as
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the guide surface to contact the opening end edge 3a
of the socket. On the other hand, the third side
surface 50-3 and the sixth side surface 50-6 do not
contact the opening end edge. 1In the first example
shown in FIG. 10A, in the height corresponding to the
opening end edge 3a of the socket, a gap W3 between
the third side surface 50-3 and the opening end edge
3a is about 0.001 inches (0.025 mm), and a gap W6
between the sixth side surface 50-6 and the opening
end edge 3a is about 0.001 inches (0.025 mm).

[0046]

In the first example shown in FIG. 10A, in
the height corresponding to the opening end edge 3a of
the socket, the first side surface 50-1 and the second
side surface 50-2 are located out of a virtual regular
hexagon defined by the third side surface 50-3 to the
sixth side surface 50-6. 1In other words, in the first
example shown in FIG. 10A, the cross section (the
cross section Bl or the cross section B2) that 1is
perpendicular to the longitudinal direction axis of
the key section 5-2 has four sides that overlap any of
the six sides that configure a virtual regular hexagon
(referring to 50-3, 50-4, 50-5, and 50-6 of FIG. 10A)
and two sides that are located out of the virtual
regular hexagon (referring to 50-1, and 50-2 of FIG.
10A). Note that the matters described in this
paragraph are applied to the following second example
and a third example.

[0047]

In the first example shown in FIG. 10A, the
two tapered surfaces exist. Therefore, the close
adhesion length of the key section 5-2 and the opening
end edge 3a becomes long, so that stress concentration
in the surface 3 of the socket (the opening end edge
3a) 1is eased. As a result, the transformation of the

socket 2 i1s restrained. Also, in the first example
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shown in FIG. 10A, four side surfaces of the key
section contact the opening end edge 3a. Therefore,
the stress concentration in the surface 3 of the
socket (the opening end edge 3a) is eased. As a
result, the transformation of the socket 2 is
restrained.

[0048]

(Second example: 2-surface b type)

In a second example shown in FIG. 10B, the
key section 5-2 of the key wrench 5 has the first side
surface 50-1 to the sixth side surface 50-6. The
first side surface 50-1 and the second side surface
50-2 are tapered surfaces TA. It is desirable that
the taper angle of the first side surface 50-1 is
equal to or more than 1°, and the taper angle of the
second side surface 50-2 is equal to or more than 1°.
[0049]

The first side surface 50-1 and the second
side surface 50-2 are connected each other through the
sixth side surface 50-6. In other words, the first
side surface 50-1 and the second side surface 50-2 are
separated from each other by the sixth side surface
50-6. On the other hand, each of the third side
surface 50-3 to the sixth side surface 50-6 is a non-
tapered surface. The taper angles of the third side
surface 50-3 to the sixth side surface 50-6 are
smaller than the taper angle of the first side surface
50-1 and smaller than the taper angle of the second
side surface 50-2.

[0050]

In the second example shown in FIG. 10B, when
the key section 5-2 of the key wrench 5 is inserted in
the socket 2, the first side surface 50-1 that is the
first tapered surface and the second side surface 50-2
that is the second tapered surface contact the opening

end edge 3a of the socket. BAlso, the third side
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surface 50-3 that is the side surface opposing to the
sixth side surface 50-6 functions as a guide surface
to contact the opening end edge 3a of the socket. O0On
the other hand, the fourth side surface 50~-4 to the
sixth side surface 50-6 do not contact the opening end
edge 3a. In the second example shown in FIG. 10B, in
the height corresponding to the opening end edge 3a of
the socket, a gap W4 between the fourth side surface
50~-4 and the opening end edge 3a is about 0.0005
inches (0.013 mm), and a gap W5 between the fifth side
surface 50-5 and the opening end edge 3a is about
0.0005 inches (0.013 mm). A gap W6 between the sixth
side surface 50-6 and the opening end edge 3a i1s about
0.002 inches (0.051 mm).

[0051]

In the second example shown in FIG. 10B, two
tapered surfaces exist. Therefore, the close adhesion
length of the key section 5-2 and the opening end edge
3a becomes long so that stress concentration in the
surface 3 of the socket (the opening end edge 3a) is
eased. As a result, the transformation of the socket
2 is restrained. Also, in the second example shown in
FIG. 10B, three side surfaces of the key section
contact the opening end edge 3a. Therefore, stress
concentration in the surface 3 of the socket (the
opening end edge 3a) 1is eased. As a result, the
transformation of the socket 2 is restrained.

[0052]
(Third example: 2-surface c type)

In a third example shown in FIG. 10C, the key
section 5-2 of the key wrench 5 has the first side
surface 50-1 to the sixth side surface 50-6. The
first side surface 50-1 and the second side surface
50-2 are tapered surfaces TA. It is desirable that
the taper angle of the first side surface 50-1 is

equal to or more than 1° and the taper angle of the
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second side surface 50-2 is equal to or more than 1°.
[0053]

The first side surface 50-1 and the second
side surface 50-2 are surfaces opposite to each other.
That is, the first side surface 50-1 and the second
side surface 50-2 are not directly connected. On the
other hand, each of the third side surface 50-3 to the
sixth side surface 50-6 is a non-tapered surface. The
taper angle of each of the third side surface 50-3 to
the sixth side surface 50-6 is smaller than the taper
angle of the first side surface 50-1 and smaller than
the taper angle of the second side surface 50-2. 1In
the third example shown in FIG. 10C, the angle between
the first side surface 50-1 and the side surface
opposing to the first side surface (the second side
surface 50-2) is larger than the angle between the
sixth side surface 50-6 and the side surface opposing
to the sixth side surface (the fourth side surface 50-
4) .

[0054]

In the third example shown in FIG. 10C, when
the key section 5-2 of the key wrench 5 is inserted in
the socket 2, the first side surface 50-1 that is the
first tapered surface and the second side surface 50-2
that is the second tapered surface contact the opening
end edge 3a of the socket. On the other hand, the
third side surface 50-3 to the sixth side surface 50-6
do not contact the opening end edge 3a. In the third
example shown in FIG. 10C, in the height corresponding
to the opening end edge 3a of the socket, a gap W3
between the third side surface 50-3 and the opening
end edge 3a is about 0.001 inches (0.025 mm), and a
gap W4 between the fourth side surface 50-4 and the
opening end edge 3a is 0.001 inches (0.025 mm). A gap
W5 between the fifth side surface 50-5 and the opening
end edge 3a is about 0.001 inches (0.025 mm), and a
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gap W6 between the sixth side surface 50-6 and the
opening end edge 3a is 0.001 inches (0.025 mm).
[0055]

In the third example shown in FIG. 10C, two
tapered surfaces exist. However, in the third example
shown in FIG. 10C, only two side surfaces of the key
section contact the opening end edge 3a. Therefore,
an extent of the relaxation of the stress
concentration in the opening end edge 3a is smaller
than in the example shown in FIG. 10A or FIG. 10B.
[0056]

(When three tapered surfaces exist)

Referring to FIG. 10D to FIG. 10F,
embodiments in which there are three tapered surfaces
will be described. FIG. 10D to FIG. 10F are bottom
views of the key sections 5-2 of the key wrenches 5.
Note that the opening end edge 3a of the socket is
shown virtually by a broken line in FIG. 10D to FIG.
10F.

[0057]
(Fourth example: 3-surface a type)

In a fourth example shown in FIG. 10D, the
key section 5-2 of the key wrench 5 has the first side
surface 50-1 to the sixth side surface 50-6. The
first side surface 50-1, the second side surface 50-2
and the third side surface 50-3 are tapered surfaces
TA. It is desirable that the taper angle of the first
side surface 50-1 is equal to or more than 1°, the
taper angle of the second side surface 50-2 is equal
to or more than 1°, and the taper angle of the third
side surface 50-3 is equal to or more than 1°.

[0058]

The first side surface 50-1 and the second
side surface 50-2 are adjacent surfaces to each other,
in other words, surfaces connected to each other.

Also, the second side surface 50-2 and the third side
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surface 50-3 are surfaces adjacent to each other, in
other words, surfaces connected to each other. On the
other hand, each of the fourth side surface 50-4 to
the sixth side surface 50-6 is the non-tapered
surface. The taper angle of each of the fourth side
surface 50-4 to the sixth side surface 50-6 is smaller
than the taper angle of the first side surface 50-1,
smaller than the taper angle of the second side
surface 50-2, and smaller than the taper angle of the
third side surface 50-3.

[0059]

In the fourth example shown in FIG. 10D, when
the key section 5-2 of the key wrench 5 is inserted in
the socket 2, the first side surface 50-1 that is the
first tapered surface and the third side surface 50-3
that is the third tapered surface contact the opening
end edge 3a of the socket. Also, the fifth side
surface 50-5 that is the side surface opposing to the
second side surface 50-2 functions as the guide
surface to contact the opening end edge 3a of the
socket. On the other hand, the fourth side surface
50-4 and the sixth side surface 50-6 do not contact
the opening end edge 3a. In the fourth example shown
in FIG. 10D, in the height corresponding to the
opening end edge 3a of the socket, a gap W4 between
the fourth side surface 50-4 and the opening end edge
3a is about 0.0005 inches (0.013 mm). A gap W6
between the sixth side surface 50-6 and the opening
end edge 3a is about 0.0005 inches (0.013 mm). Also,
in the fourth example shown in FIG. 10D, the second
side surface 50-2 that is the second tapered surface
does not contact the opening end edge 3a of the
socket. In the fourth example shown in FIG. 10D, in
the height corresponding to the opening end edge 3a of
the socket, a gap W2 between the second side surface

50-2 and the opening end edge 3a is about 0.0005
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inches (0.013 mm).
[0060]

In the example shown in FIG. 10, in the cross
section of the height corresponding to the opening end
edge 3a of the socket, the first side surface 50-1 to
the third side surface 50-3 are located out of the
virtual regular hexagon defined by the fourth side
surface 50-4 to the sixth side surface 50-6. 1In other
words, in the fourth example shown in FIG. 10D, the
cross section {(the cross section Bl or the cross
section BZ2) that is perpendicular to the longitudinal
direction axis in the key section 5-2 has three sides
(referring to 50-4, 50-5, and 50-6 in FIG. 10D) that
overlap any of the six sides that configure a virtual
regular hexagon and three sides (referring to 50-1,
50-2, and 50-3 in FIG. 10D) that are located out of
the virtual regular hexagon. Note that the subject
matters specified in this paragraph are applied to the
following fifth and sixth examples.

[0061]

The contact state of each side surface with
the opening end edge 3a in the example shown in FIG.
10D is the same as the contact state of each side
surface with the opening end edge 3a in the example
shown in FIG. 10B. That is, in the example shown in
FIG. 10D, the three side surfaces of the key section
contact the opening end edge 3a. Therefore, stress
concentration in the surface 3 of the socket 2 (the
opening end edge 3a) 1is eased. As a result, the
transformation of the socket 2 1s restrained.

[0062]
(Fifth example: 3-surface b type)

In a fifth example shown in FIG. 10E, the key
section 5-2 of the key wrench 5 has the first side
surface 50-1 to the sixth side surface 50-6. The

first side surface 50-1, the second side surface 50-2
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and the third side surface 50-3 are tapered surfaces
TA. It is desirable that the taper angle of the first
side surface 50-1 is egqual to or more than 1°, the
taper angle of the second side surface 50-2 is equal
to or more than 1°, and the taper angle of third side
surface 50-3 is equal to or more than 1°.

[0063]

The first side surface 50-1 and the second
side surface 50-2 are connected each other through the
sixth side surface 50-6. In other words, the first
side surface 50-1 and the second side surface 50-2 are
separated from each other by the sixth side surface
50-6. Also, the second side surface 50-2 and the
third side surface 50-3 are connected each other
through the fourth side surface 50-4. 1In other words,
the second side surface 50~2 and the third side
surface 50-3 are separated from each other by the
fourth side surface 50-4. On the other hand, each of
the fourth side surface 50-4 to the sixth side surface
50-6 is a non-tapered surface. The taper angle of
each of the fourth side surface 50-4 to the sixth side
surface 50-6 is smaller than the taper angle of the
first side surface 50-1, is smaller than the taper
angle of the second side surface 50-2, and is smaller
than the taper angle of third side surface 50-3.

[0064]

In the fifth example shown in FIG. 10E, when
the key section 5-2 of the key wrench 5 is inserted in
the socket 2, the first side surface 50-1 that is the
first tapered surface, the second side surface 50-2
that is the second tapered surface and the third side
surface 50-3 that is the third tapered surface contact
the opening end edge 3a of the socket. On the other
hand, the fourth side surface 50-4 to the sixth side
surface 50-6 do not contact the opening end edge 3a.

In the fifth example shown in FIG. 10E, in the height
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corresponding to the opening end edge 3a of the
socket, a gap W4 between the fourth side surface 50-4
and the opening end edge 3a is about of 0.001 inches
(0.025 mm), a gap W5 between the fifth side surface
50-5 and the opening end edge 3a is about 0.001 inches
(0.025 mm), and a gap W6 between the sixth side
surface 50-6 and the opening end edge 3a is about
0.001 inches (0.025 mm).

[0065]

In the fifth example shown in FIG. 10E, three
side surfaces of the key section contact the opening
end edge 3a. Therefore, the stress concentration in
the surface 3 of the socket 2 (the opening end edge
3a) is eased. As a result, the transformation of the
socket 2 is restrained.

[0066]
(Sixth example: 3-surface c¢ type)

In a sixth example shown in FIG. 10F, the key
section 5-2 of the key wrench 5 has the first side
surface 50-1 to the sixth side surface 50-6. The
first side surface 50-1, the second side surface 50-2
and the third side surface 50-3 are tapered surfaces
TA. It is desirable that the taper angle of the first
side surface 50-1 is equal te or more than 1°, the
taper angle of the second side surface 50-2 is equal
to or more than 1°, and the taper angle of the third
side surface 50-3 is equal to or more than 1°.

[0067]

The first side surface 50-1 and the second
side surface 50-2 are surfaces adjacent to each other,
in other words, surfaces connected each other. Also,
the third side surface 50-3 is the surface opposing to
the first side surface 50-1 and is the surface
separated from the first side surface 50-1 and the
second side surface 50-2. On the other hand, each of

the fourth side surface 50-4 to the sixth side surface
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50-6 is a non-tapered surface. The taper angle of
each of the fourth side surface 50-4 to the sixth side
surface 50-6 is smaller than the taper angle of the
first side surface 50-1, is smaller than the taper
angle of the second side surface 50-2, and is smaller
than the taper angle of third side surface 50-3.

[0068]

In the sixth example shown in FIG. 10F, when
the key section 5-2 of the key wrench 5 is inserted in
the socket 2, the first side surface 50-1 that is the
first tapered surface, the second side surface 50-2
that is the second tapered surface and the third side
surface 50-3 that is the third tapered surface contact
the opening end edge 3a of the socket. On the other
hand, the fourth side surface 50-4 to the sixth side
surface 50-6 do not contact the opening end edge 3a.
In the sixth example shown in FIG. 10F, in the height
corresponding to the opening end edge 3a of the
socket, a gap W4 between the fourth side surface 50-4
and the opening end edge 3a 1is about 0.001 inches
(0.025 mm), a gap W5 between the fifth side surface
50-5 and the opening end edge 3a is about 0.001 inches
(0.025 mm), and a gap W6 between the sixth side
surface 50-6 and the opening end edge 3a is about
0.001 inches (0.025 mm).

[0069]

In the sixth example shown in FIG. 10F, the
three side surfaces contact the opening end edge 3a.
Therefore, the stress concentration in the surface 3
of the socket 2 (the opening end edge 3a) is eased.

As a result, the transformation of the socket 2 1is
restrained.

[0070]

(Application example of key wrench in embodiment)

Referring to FIG. 11 and FIG. 12, an

application example of the key wrench will be
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described. FIG. 11 is a longitudinal cross-sectional
view showing the application example of the key
wrench. FIG. 12 is a schematic perspective view
showing the application example of the key wrench. In
FIG. 12, the illustration of the fastened member 1is
omitted.

[0071]

FIG. 11 shows a situation in which a fastened
member 8a and a fastened member 8b are fastened by
using the bolt la that is a fastening member 1 and the
nut 1b. Each of the fastened member 8a and the
fastened member 8b may be a board member. The
fastening member 1 (the bolt la) has the sockef 2 in
which the key section 5-2 of the key wrench in the
embodiment 1s inserted. The socket 2 is opened for an
upper direction.

[0072]

In the example shown in FIG. 11 and FIG. 12,
the bolt l1a has a head section 11 and an axis section
12. A surface 1lla of the head section 11 on the side
of axis section contacts the fastened member 8a. The
axis section 12 has the socket 2 in the center of the
distal end. In other words, the socket 2 is provided
in the end surface (a distal surface) of the axis
section 12. Also, a first thread 13 is provided on
the outer circumferential surface of the axis section
12.

[0073]

The nut 1b has a second thread 14 to screw
the first thread 13 of the bolt. Also, the outer
circumferential surface 15 of the nut 1b has the shape
engageable with a tool 100 (for example, the polygocnal
shape in the cross section).

[0074]

Referring to FIG. 11, a method of fastening

the fastened members 8a and 8b by the bolt 1la and the
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nut 1lb will be described. At a first step, the bolt
la is inserted in the holes of the fastened members 8a
and 8b. At a second step, the nut 1lb is temporarily
attached to the bolt la. At a third step, the key
section 5-2 of the key wrench in the embodiment is
inserted in the socket 2 provided for the the axis
section of the bolt. The key section 5-2 is inserted
in the socket 2 so that the rotation of the beolt 1la
around the bolt central axis is prevented. At a
fourth step, the tcol 100 is engaged with the outer
circumferential surface 15 of the nut 1b.

[0075]

At a fifth step, the tool 100 is rotated
(more specifically, the engaging part of the tool 100
with the outer circumferential surface 15 of the nut
lb is rotated) in a condition that the rotation of the
bolt la is restrained by the key wrench 5 so that the
nut 1b moves for the head of the bolt la (screwed to
the bolt la). At a sixth step, the fastened members
8a and 8b are supported between the the head section
11 of the bolt and the nut 1b. That is, the fastened
members B8a and 8b are fastened by the bolt 1la and the
nut 1lb. Note that the rotation of the tool 100 may be
carried out by manpower or may be carried out using
power.

[0076]

Since the key section 5-2 of the key wrench
in the embodiment has the side surface (the first side
surface 50-1) that 1is the tapered surface, the stress
concentration in the surface 3 defining the socket 2
is restrained. Also, the key section 5-2 has the side
surface (the sixth side surface 50-6) that is the non-
tapered surface. Therefore, the cam out load does not
become excessive. As a result, the screwing process
of the nut 1lb to the bolt la can be more smoothly

executed. Note that the key wrench may be either of
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the key wrenches in the above-mentioned first example
to sixth example.
[0077]

Generally, the size of the socket 2 provided
for the axis section 12 of the bolt is gquite small.
Therefore, the relatively large load acts on the key
section that has been inserted in the socket 2
provided for the axis section 12 of the bolt. As a
result, the stress concentration in the surface 3
defining the socket 2 tends to become large. On the
other hand, when attempting to ease stress
concentration by using the key section in which all of
the side surfaces are tapered surfaces, the cam out
load tends to become large. However, 1in case where
the key wrench in the embodiment (the key wrench
having the first side surface that is the tapered
surface and the sixth side that is the non-tapered
surface) is used, the problem of the stress
concentration and the problem of the cam out load can
be collectively solved. 1In other words, in the key
wrench of the embodiment, the effect of the relaxation
of the stress concentration and the effect of the
restraint of the cam out load are played
synergistically.

[0078]
(Experiment example and analysis example)

An experiment was carried out by using the
apparatus shown in FIG. 13. A distance D1 between the
cpposing side surfaces of the socket 2 was 3/32 inches
(about 2.38 mm). Also, the torque acting on the key
section 5-2 was measured when the nut 1lb is screwed to
the bolt la by rotating the nut 1lb to the R direction.
[0079]

FIG. 14 shows an analysis result of torgque
when the socket is destroyed in case that all the six

side surfaces of the key section 5-2 are tapered
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surfaces, and moreover, the taper angles of all the
side surfaces are equal to each other. That is, FIG.
14 shows an analysis result to the key wrench in a
comparison example. Referring to FIG. 14, when the
taper angle © of the side surface was 2°, the socket 2
was destroyed upon about 45 inch pound (5.1 N-'m).

Note that the fact that the socket was destroyed means
that the ability of the socket to maintain a torque
was lost substantively. Also, when the taper angle of
the side surface was 3°, the socket 2 was destroyed
upon about 40 inch pound (4.5 N*'m). Also, when the
taper angle of the side surface was 4°, the socket 2
was destroyed upon about 35 inch pound (4.0 N-'m).
[0080]

FIG. 15 shows an analysis result of
calculated cam out load Fz of the key section 5-2:

(1) when all the side surfaces are non-tapered
surfaces,

(2) when all the side surfaces are tapered surfaces,
(3) when only one side surface is a tapered surface,
(4) when only two side surfaces are tapered surfaces,
and

(5) when only three side surfaces are tapered
surfaces,

in shape o0f six side surfaces of the key section 5-2.
The cam out load Fz means the upward load received by
the key section 5-2, as shown in FIG. 13.

[0081]

Referring to FIG. 15, in case that all of the
six side surfaces of the key section 5-2 were non-
tapered surfaces (corresponding to “the taper angle of
0°” in the graph of FIG. 15), the cam out load was 10
kgf when the torque acting on the key section 5-2 was
about 45 inch pound (5.1 N'm). In other words, when

the torgue acting on the key section 5-2 was about 45

inch pound (5.1 N*'m), it became impossible to restrain
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the cam out of the key section 5-2 with the downward
holding force of 10 kgf. Also, in case that all of
the six side surfaces of the key section 5-2 were
tapered surfaces, the cam out load became 10 kgf when
the torque acting on the key section 5-2 was about 19
inch pound (2.1 N-m). Also, in case that the six side
surfaces of the key section 5-2 contain one, two or
three tapered surfaces, the cam out load became 10 kgf
when the torque acting on the key section 5-2 was
about 36 to 42 inch pound (4.1 to 4.7 N-'m).

[0082]

As above, when the six side surfaces of the
key section 5-2 contain only one tapered surface, only
two tapered surfaces or only three tapered surfaces,
the cam out can be effectively restrained, compared
with a case that all the six side surfaces were
tapered surfaces.

[0083]

FIG. 16 shows an analysis result of (A) the
torque when the surface 3 of the socket 2 begins to
transform, (B) the torgque when the socket 2 is
destroyed, and (C) the torgue when the key section 5-2
begins to cam out, in case that the shape of key
section 5-2 is (1) the shape corresponding to the
above-mentioned first example, (2) the shape
corresponding to the above-mentioned second example,
(3) the shape corresponding to the above-mentioned
third example, (4) the shape corresponding to the
above-mentioned fourth example, (5) the shape
corresponding to the above-mentioned fifth example,
and (6) the shape corresponding to the above-mentioned
sixth example. Regarding the above-mentioned “(C)”,
the torque means the torque when the key section 5-2
begins to cam out, in a state that the key section 5-2
is pressed in the load of 10 kgf.

[0084]
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Referring to FIG. 16, the cam out was
effectively restrained in any of the first example to
the sixth example, even when the relatively large
torque acted on the key section 5-2. When it was
desired to make the torgque when the key section 5-2
begun to cam out larger, the taper angle should be
made small. In other words, from the viewpoint of the
cam ocut being restrained, it is desirable that, for
example, the taper angle is equal to or less than
2.5°, equal to or less than 2.0° or equal to or less
than 1.5°. On the other hand, when the taper angle 1is
smaller than 1.0°, the risk increases that the free
end of the key section 5-2 pushes against the bottom
surface of the socket 2. When the free end of the key
section 5-2 pushes against the bottom surface of the
socket 2, the tapered surface cannot contact the
opening end edge 3a of the socket appropriately. As a
result, the large stress concentration occurs in a
contact part between the key section 5-2 and the
surface 3 of the socket. Therefore, it is desirable
that the taper angle is equal to or more than 1.0°.
[0085]

Referring to FIG. 16, there is not a
conspicuous difference among the first example to the
sixth example as for the torgque when the socket begins
to transform.

[0086]

Regarding the torque when the socket is
destroyed, it is understood that the key wrench in the
first example to the sixth example is more excellent
than the key wrench in a comparison example shown in
FIG. 14. The first example, the second example, and
the fourth example are excellent among the first
example to the sixth example. Also, referring to FIG.
16, if the torque when the socket 1s destroyed should
be made larger, it could be understood that the taper
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angle should be made small. Especially, when the
taper angle is from 1° to 2.5° in the first example,
the second example and the fourth example, the torque
when the socket is destroyed exceeds 50 inch pound
(about 5.5 Nm). Also, when the taper angle is from 1°
to 2° in the first example and the fourth example, the
torque when the socket is destroyed exceeds 60 inch
pound (about 6.6 Nm).

[0087]

From the above viewpoint, regarding the
torque when the socket is destroyed in case where the
number of tapered surfaces is two, 1t i1s desirable
that the two tapered surfaces are adjacent to each
other as in the first example (in other words, the
first side surface 50-1 that is the tapered surface
and the second side surface 50-2 that is the tapered
surface are adjacent to each other), or it is
desirable that the two tapered surfaces are connected
to each other through one non-tapered surface as in
the second example (in other words, the first side
surface 50-1 that is the tapered surface and the
second side surface 50-2 that is the tapered surface
are connected to each other through the sixth side
surface 50-6 that is the non-tapered surface). Also,
regarding the torque when the socket is destroyed, the
case that the two tapered surfaces are adjacent to
each other (the first example) is the most desirable.
On the other hand, when the number of tapered surfaces
is three, it is desirable that the three tapered
surfaces are continuous as in the fourth example (in
other words, the first side surface 50-1 that is the
tapered surface and the second side surface 50-2 that
is the tapered surface are adjacent to each other, and
the second side surface 50-2 that is the tapered
surface and the third side surface 50-3 that is the

tapered surface are adjacent to each other).
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Moreover, regarding the torque when the socket is
destroyed, it is desirable that the taper angle is
from 1° to 2.5°, especially, from 1° of to 2°.
[0088]

FIG. 17 shows an experiment result of an
average of the torque when the socket 2 is destroyed
in:

(1) when all the side surfaces are non-tapered
surfaces,
(2) when only one side surface is a tapered surface,
(3) when only two side surfaces are tapered surfaces,
and
(4) when only three side surfaces are tapered
surfaces,

about the six side surfaces of the key section 5-2.
[0089]

Referring to FIG. 17, it is most desirable
that the number of tapered surfaces is two. It is
next desirable that the number of tapered surfaces is
three.

[0090]

FIG. 18 shows the experiment result of the
torque when the socket 2 is destroyed, in each of:
(1) a case where the shape of the key section 5-2 is a
shape corresponding to the akove-mentioned first
example and moreover the taper angle is 1.5°, and
(2) a case where the shape of the key section 5-2 is a
shape corresponding to the above-mentioned first
example and moreover the taper angle is 2.0°.
Referring to FIG. 18, a conspicuous difference
depending on the taper angle was not found about the
first example, regarding the torque when the socket is
destroyed.
[0091]

When determining the analysis result and the

experiment result comprehensively, it is desirable
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that the number of tapered surfaces is two or three rather than
one, and especially, it is desirable that the number of tapered
surfaces is two. Also, it is desirable that the taper angle of
the tapered surface is from 1° to 2.5°, especially, it is
desirable that the taper angle is from 1° to 2° or 1.5° to 2°.
Regarding the arrangement of a plurality of tapered surfaces,
it is desirable that the plurality of tapered surfaces are
arranged in the neighborhood (for example, the first side
surface that is the tapered surface and the second side surface
that is the tapered surface are adjacent to each other).

[0092]

The present invention is not limited to the above
embodiments. It would be understood that each of the
embodiments may be changed or modified appropriately in the
range of the technical thought of the present invention.
Various techniques used in each embodiment or modification can
be applied to another embodiment or modification, unless the

technical contradiction occurs.

CA 3014276 2020-01-27
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CLAIMS:

1. A key wrench comprising:

a key section engageable with a socket of an N-sided
polygon when N is an optional natural number equal to or more
than 3; and

a proximal section,

wherein the key section has N side surfaces that
contain a first side surface, a second side surface and an N
side surface,

wherein the first side surface is a tapered sﬁrface,
and a length of the tapered surface is longer than a depth of
the socket into which the key section is to be inserted,

wherein the N* side surface is a non-tapered
surface, and

wherein a cross section corresponding to a free end
of the key section that is perpendicular to a longitudinal
direction axis contains two or more sides that overlap any of
N sides of a virtual regular N-sided polygon, and a first side
of the first side surface that is located on or outside of the

virtual regular N-sided polygon.

2. The key wrench according to claim 1, wherein the key
section contains a third side surface,

wherein at least one of the second side surface and
the third side surface is a tapered surface, and

wherein the N side surfaces other than the first side
surface, the second side surface and the third side surface

are the non-tapered surfaces.

CA 3014276 2020-01-27
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3. The key wrench according to claim 2, wherein the
second side surface is the tapered surface and the third side

surface is the non-tapered surface.

4. The key wrench according to claim 2 or 3, wherein the
second side surface is the tapered surface, and

wherein the first side surface that is the tapered
surface and the second side surface that is the tapered

surface are adjacent to each other.

5. The key wrench according to any one of claims 1 to 4,
wherein a taper angle of the first side surface is from 1°

to 2.5°.

6. The key wrench according to any one of claims 1 to 5,
wherein said first side of said first side surface is located

outside of the virtual regular N-sided polygon.

7. The key wrench according to any one of claims 1 to 6,
wherein a taper angle between the tapered surface and the
longitudinal direction axis increases along the longitudinal
direction axis in a direction from the free end of the key
section, which is engagable with a socket, towards a proximal

section of the key section by which the key wrench is held.

CA 3014276 2020-01-27
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