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METHOD

(57) The purpose of the present invention is to pro-
vide a friction stirring tool, a friction stir welding device
and a friction stir welding method with which the parts of
the metal materials that are to be welded can be friction
stir welded in a suitable manner, while limiting the load
applied to the tool, even if the thickness of the parts to
be welded varies. The configuration of this friction stirring
tool is such that a first rotating tool (21) has a first tool
main body (31) having a first shoulder portion (35) which
comes into contact with the obverse surface of a groove
portion (6), a first probe (32) projecting to a front end side

from the first tool main body (31), and a protruding portion
(33) projecting to the front end side from the first probe
(32), and a second rotating tool (21) has a second tool
main body (41) having a second shoulder portion (45)
which comes into contact with the reverse surface of the
groove portion (6), a second probe (42) projecting to a
front end side from the second tool main body (41), and
a protrusion accommodating portion (43) provided on the
second probe (42) and capable of accommodating the
protruding portion (33) of the first rotating tool (21).
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Description

Technical Field

[0001] The present invention relates to a friction stirring
tool, a friction stir welding device, and a friction stir weld-
ing method which are used in friction stir welding.

Background Art

[0002] In the related art, a friction stir welding device
is known which uses upper and lower rotating tools to be
inserted into a welding portion of a metal plate through
a front surface and a rear surface thereof so that the
upper and lower rotating tools perform friction stir welding
on the metal plate (for example, refer to PTL 1). In the
friction stir welding device, the upper and lower rotating
tools have a cylindrical tool main body and a probe at-
tached to a front end portion of the tool main body. Then,
a shoulder portion is formed in the vicinity of an attach-
ment portion of the probe in the front end portion of the
tool main body. The friction stir welding device performs
the friction stir welding in a state where a predetermined
gap is provided between front ends of the probes of the
upper and lower rotating tools.
[0003] In addition, a friction stir welding device is
known which uses first and second rotating tools ar-
ranged to face each other on a front surface side and a
rear surface side of a welding portion of a metal plate so
that the first and second rotating tools perform friction stir
welding on the metal plate (for example, refer to PTL 2).
In the friction stir welding device, one of the first and sec-
ond rotating tools has a tool main body in which a shoul-
der portion is formed in a front end portion, and a probe
(protrusion) which is formed to protrude from the tool
main body. The other has a tool main body in which a
shoulder portion is formed in a front end portion, and a
recess which accommodates the front end portion of the
probe. The friction stir welding device performs the fric-
tion stir welding in a state where the protrusion of one
rotating tool is inserted into the recess of the other rotating
tool.

Citation List

Patent Literature

[0004]

[PTL 1] Japanese Patent No. 4838385
[PTL 2] Japanese Patent No. 4838389

Summary of Invention

Technical Problem

[0005] However, in the friction stir welding device dis-
closed in PTL 1, the predetermined gap is provided be-

tween the front ends of the probes of the upper and lower
rotating tools. For this reason, if the metal plate is thick,
an absolute value increases in tolerance allowed by ma-
terial standards. Consequently, the gap becomes larger,
thereby causing a possibility of a defectively welded por-
tion (non-welded portion) which is called a kissing bond.
In particular, in a case of a material having poor flow
properties at a welding temperature, such as aluminum
alloys of 2,000 series or 7,000 series, the amount of the
allowable gap is small, and thus this defect is likely to
occur. Furthermore, when the welded metal plate is sub-
jected to plastic processing, there is a possibility of dam-
age such as cracks caused by the defectively welded
portion.
[0006] In addition, in the friction stir welding device dis-
closed in PTL 2, the probe is disposed throughout a thick-
ness direction of the metal plate. For this reason, if the
metal plate is thick, it is necessary to lengthen the probe.
If the probe is lengthened, a bending moment applied to
the probe increases. Consequently, a load applied to the
tool increases, thereby causing a possibility that the in-
creased load may lead to damage to the tool. In addition,
if a configuration is adopted which can withstand the load
applied to the tool, it is necessary to increase a diameter
of the probe. Therefore, a size of the rotating tool is forced
to increase. Due to the increased size, it is necessary to
increase a device structure of a shaft or a motor for driving
the tool.
[0007] Therefore, the present invention aims to provide
a friction stirring tool, a friction stir welding device, and a
friction stir welding method, in which friction stir welding
can be suitably performed on a welding portion of a metal
material while a load applied to a tool is limited even if
the thickness of the welding portion varies.

Solution to Problem

[0008] A friction stirring tool according to the present
invention includes a first rotating tool that is arranged for
a welding-target portion of a metal material, on one side
across the welding-target portion; and a second rotating
tool that is arranged on the other side across the welding-
target portion, and that is disposed so as to face the first
rotating tool. The first rotating tool has a first tool main
body having a first shoulder portion which comes into
contact with one side surface of the welding-target por-
tion, a first probe protruding toward the second rotating
tool from the first tool main body, and a protrusion pro-
truding toward the second rotating tool from the first
probe. The second rotating tool has a second tool main
body having a second shoulder portion which comes into
contact with the other side surface of the welding-target
portion, a second probe protruding toward the first rotat-
ing tool from the second tool main body, and a protrusion
accommodating portion disposed in the second probe
and capable of accommodating the protrusion of the first
rotating tool.
[0009] According to this configuration, friction stir weld-
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ing can be performed on the friction welding-target of the
metal material by accommodating the protrusion of the
first rotating tool in the protrusion accommodating portion
of the second rotating tool, and by rotating the first rotat-
ing tool and the second rotating tool, while heat is trans-
ferred into the welding-target portion of the metal material
from both sides of the welding-target portion. Therefore,
even if the welding-target portion of the metal material is
thick, an accommodation depth (insertion depth) for ac-
commodating the protrusion in the protrusion accommo-
dating portion is properly changed. Accordingly, friction
stirring can be performed over the thickness of the weld-
ing-target portion by using the first probe, the second
probe, and the protrusion. In this manner, a predeter-
mined gap is not formed between the first probe and the
second probe. Therefore, it is possible to limit the occur-
rence of a defectively welded portion. In addition, even
if the welding-target portion of the metal material be-
comes thick, the accommodation depth for accommodat-
ing the protrusion in the protrusion accommodating por-
tion may be changed. Accordingly, it is not necessary to
change the length of the first probe and the second probe
in a protruding direction thereof. Therefore, it is possible
to limit an increase in a load applied to the tool. According
to the above-described configuration, even if the thick-
ness of the welding-target portion of the metal material
varies, friction stir welding can be suitably performed on
the welding-target portion, while the load applied to the
tool is limited. Each rotation direction and rotation speed
of the first rotating tool and the second rotating tool are
optionally set.
[0010] In addition, it is preferable that a length of the
protrusion in a protruding direction is equal to or smaller
than 50%, compared to a combined length of the first
probe and the protrusion in the protruding direction.
[0011] According to this configuration, the length of the
protrusion can be shortened further than the length of
the first probe. Accordingly, it is possible to decrease a
bending moment applied to the protrusion. Therefore, it
is possible to limit a load applied to the protrusion.
[0012] In addition, it is preferable that a rotation diam-
eter of the protrusion is a diameter of 40% to 80%, com-
pared to a rotation diameter on the first rotating tool side
of the second probe.
[0013] According to this configuration, the protrusion
accommodating portion is disposed in the second probe.
In this manner, the thickness of a surrounding wall body
of the protrusion accommodating portion formed on the
first probe side of the second probe can be set to the
thickness of 10% to 30% of the rotation diameter of the
second probe. For example, if the rotation diameter of
the protrusion is 80%, compared to the rotation diameter
on the first rotating tool side of the second probe, the
thickness of the surrounding wall body of the protrusion
accommodating portion in which the protrusion is accom-
modated can be set to the thickness of 10% of the rotation
diameter of the second probe. In addition, for example,
if the rotation diameter of the protrusion is 40%, com-

pared to the rotation diameter on the first rotating tool
side of the second probe, the thickness of the surrounding
wall body of the protrusion accommodating portion in
which the protrusion is accommodated can be set to the
thickness of 30% of the rotation diameter of the second
probe. Therefore, it is possible to secure the thickness
of the surrounding wall body of the protrusion accommo-
dating portion formed on the first probe side of the second
probe. In this manner, even if the protrusion comes into
contact with the inner surface of the protrusion accom-
modating portion, the rigidity of the surrounding wall body
of the protrusion accommodating portion formed on the
first probe side of the second probe can be set to the
rigidity which can withstand the contact between the pro-
trusion and the inner surface of the protrusion accommo-
dating portion.
[0014] In addition, it is preferable that a predetermined
gap brought into a non-contact state is disposed between
the protrusion and the inner surface of the protrusion ac-
commodating portion in which the protrusion is accom-
modated.
[0015] According to this configuration, the protrusion
and the inner surface of the protrusion accommodating
portion can be brought into a non-contact state. There-
fore, it is possible to decrease a load which is applied to
the first rotating tool and the second rotating tool due to
the contact.
[0016] In addition, it is preferable that the protrusion
accommodating portion has a circular cross section
which is taken along a plane orthogonal to a rotation axis
of the second rotating tool.
[0017] According to this configuration, the protrusion
accommodating portion has the circular cross section.
Accordingly, even if the protrusion accommodating por-
tion is rotated, a shape of the protrusion accommodating
portion is not changed. Therefore, the protrusion accom-
modating portion can flexibly correspond to a shape of
the protrusion. In this manner, even if there is a rotation
difference between the first rotating tool and the second
rotating tool, it is possible to adopt a configuration in
which the protrusion accommodating portion is less likely
to come into contact with the protrusion.
[0018] In addition, it is preferable that the protrusion
has a polygonal cross section which is taken along a
plane orthogonal to a rotation axis of the first rotating tool.
[0019] According to this configuration, the protrusion
accommodating portion has the polygonal cross section.
Accordingly, the protrusion can more suitably stir the
welding-target portion which is softened by the friction.
[0020] In addition, it is preferable that if the thickness
of the welding-target portion is the maximum presumed
thickness, when the welding-target portion is welded, the
first rotating tool and the second rotating tool are rotated
in a state where at least a portion of the protrusion is
accommodated in the protrusion accommodating por-
tion.
[0021] According to this configuration, even if the weld-
ing-target portion has the maximum presumed thickness,
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the first rotating tool and the second rotating tool can be
rotated in a state where the protrusion is accommodated
in the protrusion accommodating portion. Therefore,
there is no possibility that a gap may be generated be-
tween the two rotating tools.
[0022] In addition, it is preferable that an angle formed
between a direction orthogonal to one side surface of the
welding-target portion and the rotation axis of the first
rotating tool and an angle formed between a direction
orthogonal to the other side surface of the welding-target
portion and the rotation axis of the second rotating tool
are angles of 0° to 3°.
[0023] According to this configuration, if the above-de-
scribed angle is 0°, the rotation axis of the first rotating
tool can be orthogonal to one side surface of the welding-
target portion. Similarly, the rotation axis of the second
rotating tool can be orthogonal to the other side surface
of the welding-target portion. Accordingly, the first shoul-
der portion and the second shoulder portion can be
brought into parallel contact with both surfaces of the
welding-target portion. Therefore, each shoulder portion
can efficiently transfer heat into the welding-target por-
tion. In addition, if the above-described angle is greater
than 0°, the rotation axis of the first rotating tool and the
rotation axis of the second rotating tool can be tilted to
both surfaces of the welding-target portion. Accordingly,
a shoulder surface of each shoulder portion in a tilted
shape comes into contact with the surface (contact sur-
face) of the welding-target portion. Therefore, the weld-
ing-target portion can be actively stirred.
[0024] In addition, it is preferable that the protrusion is
detachably fixed to the first probe.
[0025] According to this configuration, the protrusion
can be replaced. Accordingly, when the protrusion is
damaged, the damaged protrusion can be replaced with
a new protrusion. In addition, in accordance with the
thickness of the welding-target portion, a protrusion hav-
ing a proper length can be selected and mounted thereon.
[0026] In addition, it is preferable that the first probe
further has a fixing hole for fixing the protrusion, and that
the protrusion has a flange portion which protrudes out-
ward from the fixing hole and which comes into contact
with the first probe.
[0027] According to this configuration, in a state where
the protrusion is fixed into the fixing hole, the flange por-
tion can prevent the metal of the welding-target portion
softened due to the friction from entering a gap between
the fixing hole and the protrusion. In this manner, it is
possible to prevent the fixing hole and the protrusion from
being fixedly attached to each other by the metal.
[0028] In addition, it is preferable that the protrusion is
configured to include a material whose rigidity is lower
than that of the second probe.
[0029] According to this configuration, when the pro-
trusion comes into contact with the protrusion accommo-
dating portion of the second probe, the replaceable pro-
trusion can absorb an impact made by the contact with
the second probe.

[0030] In addition, it is preferable that multiple types of
the protrusion are prepared so as to have different
lengths in the protruding direction in accordance with the
thickness of the welding-target portion.
[0031] According to this configuration, the protrusion
having the length suitable for the thickness of the welding-
target portion in the protruding direction can be selected
and attached to the fixing hole of the first probe. There-
fore, friction stir welding can be suitably performed by
using the protrusion suitable for the thickness of the weld-
ing-target portion.
[0032] In addition, it is preferable that the first rotating
tool has a first insertion hole which is formed to penetrate
the first probe along the rotation axis of the first rotating
tool, and a protrusion pin which is movable inside the first
insertion hole, and that the protrusion is a portion of the
protrusion pin which protrudes from the first insertion
hole.
[0033] According to this configuration, the protrusion
pin can be moved inside the first insertion hole, and the
protrusion pin can be accommodated in the protrusion
accommodating portion. Therefore, if the thickness of the
welding portion varies, it is possible to easily arrange the
protrusion so as to have the length suitable for the length
of the welding portion by changing a protrusion amount
of the protrusion pin protruding from the first insertion
hole. The protrusion pin may be rotated to follow the ro-
tation speed and the rotation direction of the first rotating
tool or the second rotating tool. Alternatively, the protru-
sion pin may be independently rotated. The rotation of
the protrusion pin is not particularly limited.
[0034] In addition, it is preferable that the protrusion
accommodating portion is a second insertion hole which
is formed to penetrate the second probe along the rota-
tion axis of the second rotating tool, and into which a
portion of the protrusion pin is inserted.
[0035] According to this configuration, the protrusion
pin can be inserted into the second insertion hole. Ac-
cordingly, a depth of the protrusion pin inserted into the
second insertion hole can be set to a suitable depth. In
this case, since the protrusion pin is inserted into the first
insertion hole and the second insertion hole, the protru-
sion pin becomes coaxial with the rotation axis of the first
rotating tool and the rotation axis of the second rotating
tool. Therefore, friction stir welding is performed without
tilting the first rotating tool and the second rotating tool
to the welding-target portion. In addition, if the protrusion
pin is deeply inserted into the second insertion hole, the
rotation axis of the first rotating tool and the rotation axis
of the second rotating tool can be accurately aligned with
each other. On the other hand, if the protrusion pin is
shallowly inserted into the second insertion hole, even
when the protrusion pin is slightly tilted, the protrusion
pin is allowed to tilt inside the second insertion hole.
Therefore, it is possible to limit a load applied to the pro-
trusion pin.
[0036] In addition, it is preferable that the second ro-
tating tool further has an ejector pin which is movable
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inside the second insertion hole.
[0037] According to this configuration, after welding,
even if the welding-target portion softened due to the
friction partially enters the second insertion hole, the ejec-
tor pin pushes out the softened metal of the welding-
target portion entering the second insertion hole after the
welding is completed. In this manner, the softened metal
can be discharged outward from the second insertion
hole. Therefore, it is possible to prevent the welding-tar-
get portion from being fixedly attached thereto inside the
second insertion hole.
[0038] In addition, it is preferable that the protrusion
pin and the first insertion hole are joined to each other
by a spline.
[0039] According to this configuration, whereas the
protrusion pin is allowed to move in the first insertion
hole, the rotation of the protrusion pin can be synchro-
nized with the rotation of the first rotating tool.
[0040] In addition, it is preferable that the protrusion
pin is rotatably inserted into the first insertion hole.
[0041] According to this configuration, the protrusion
pin can be independently rotated without being synchro-
nized with the first rotating tool. Accordingly, it is possible
to independently control heat transferring of each shoul-
der portion and stirring of the protrusion. Therefore, the
protrusion pin can be rotated so as to be suitable for
friction stir welding in all regions of the welding-target
portion of the metal material.
[0042] In addition, it is preferable that a gap between
the protrusion pin and the first insertion hole has a narrow
front end side of the protrusion pin which is located on
the second rotating tool, and has a wide rear end side of
the protrusion pin.
[0043] According to this configuration, the gap be-
tween the protrusion pin and the first insertion hole has
the narrow front end side of the protrusion pin. Accord-
ingly, the protrusion pin can be accurately positioned on
the front end side. On the other hand, the gap between
the protrusion pin and the first insertion hole has the wide
rear end side of the protrusion pin. Accordingly, the pro-
trusion pin is allowed to be deformable. Therefore, it is
possible to limit a load applied to the protrusion pin.
[0044] In addition, it is preferable that the welding-tar-
get portion is a groove portion which is formed by causing
a pair of the metal materials having a plate shape to butt
against each other.
[0045] According to this configuration, friction stir weld-
ing can be performed on a pair of the metal materials
butting against each other.
[0046] A friction stir welding device according to the
present invention includes the above-described friction
stirring tool, a first pressing and rotating mechanism that
rotates the first rotating tool in a state where the first
shoulder portion of the first rotating tool of the friction
stirring tool is pressed against one side surface of the
welding-target portion, a second pressing and rotating
mechanism that rotates the second rotating tool in a state
where the second shoulder portion of the second rotating

tool of the friction stirring tool is pressed against the other
side surface of the welding-target portion, a first move-
ment mechanism that moves the first rotating tool to the
metal material along the welding-target portion of the
metal material, a second movement mechanism that
moves the second rotating tool to the metal material along
the welding-target portion of the metal material, and a
control unit that controls the first pressing and rotating
mechanism, the second pressing and rotating mecha-
nism, the first movement mechanism, and the second
movement mechanism.
[0047] According to this configuration, even if the thick-
ness of the welding-target portion of the metal material
varies, friction stir welding can be suitably performed on
the welding-target portion by using the above-described
friction stirring tool, while the load applied to the tool is
limited.
[0048] In addition, it is preferable that the first move-
ment mechanism and the second movement mechanism
move the first rotating tool and the second rotating tool
in synchronization with each other along the welding-tar-
get portion of the metal material.
[0049] According to this configuration, the first rotating
tool and the second rotating tool can be moved in syn-
chronization with each other. Accordingly, it is possible
to prevent the first rotating tool and the second rotating
tool from being misaligned with each other due to the
movement. Therefore, it is possible to prevent the pro-
trusion and the protrusion accommodating portion in the
friction stirring tool from coming into contact with each
other.
[0050] In addition, it is preferable that the friction stir
welding device further includes a tool load detector that
detects a load of the friction stirring tool, and that based
on a detection result of the tool load detector, the control
unit controls at least one of the first pressing and rotating
mechanism, the second pressing and rotating mecha-
nism, the first movement mechanism, and the second
movement mechanism so as to decrease the load ap-
plied to the friction stirring tool.
[0051] According to this configuration, when a load is
applied to the friction stirring tool, the control unit controls
at least one of the first pressing and rotating mechanism,
the second pressing and rotating mechanism, the first
movement mechanism, and the second movement
mechanism so as to decrease the load applied to the
friction stirring tool. In this manner, it is possible to limit
the load applied to the friction stirring tool.
[0052] Therefore, it is possible to prevent the protru-
sion and the protrusion accommodating portion in the
friction stirring tool from coming into contact with each
other.
[0053] In addition, it is preferable that the tool load de-
tector has a first power load detector which detects a load
applied to a power source of the first movement mecha-
nism and a second power load detector which detects a
load applied to a power source of the second movement
mechanism, and that the control unit controls at least one
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of the first movement mechanism and the second move-
ment mechanism so as to decrease a difference between
the load detected by the first power load detector and the
load detected by the second power load detector.
[0054] According to this configuration, the control unit
controls at least one of the first movement mechanism
and the second movement mechanism so as to decrease
the difference between the loads applied to power sourc-
es of the first movement mechanism and the second
movement mechanism. In this manner, it is possible to
limit the load applied to the friction stirring tool. Therefore,
it is possible to prevent the protrusion and the protrusion
accommodating portion in the friction stirring tool from
coming into contact with each other.
[0055] In addition, it is preferable that the tool load de-
tector has a strain detector which detects a strain of the
rotation axis of at least one of the first rotating tool and
the second rotating tool, and that the control unit controls
at least one of the first movement mechanism and the
second movement mechanism so as to decrease the
strain detected by the strain detector.
[0056] According to this configuration, the control unit
controls at least one of the first movement mechanism
and the second movement mechanism so as to decrease
the strain of the rotation axis of at least one of the first
rotating tool and the second rotating tool. In this manner,
it is possible to limit the load applied to the friction stirring
tool. Therefore, it is possible to prevent the protrusion
and the protrusion accommodating portion in the friction
stirring tool from coming into contact with each other.
[0057] In addition, it is preferable that the tool load de-
tector has an operation sound detector which detects an
operation sound of the friction stirring tool, and that the
control unit controls at least one of the first movement
mechanism and the second movement mechanism so
as to decrease the operation sound detected by the op-
eration sound detector.
[0058] According to this configuration, the control unit
controls at least one of the first movement mechanism
and the second movement mechanism so as to decrease
the operation sound of the friction stirring tool. In this
manner, it is possible to limit the load applied to the friction
stirring tool. Therefore, it is possible to prevent the pro-
trusion and the protrusion accommodating portion in the
friction stirring tool from coming into contact with each
other.
[0059] In addition, it is preferable that the tool load de-
tector has a vibration detector which detects vibrations
of at least one of the first rotating tool and the second
rotating tool, and that if a vibration mode detected by the
vibration detector is a load vibration mode when a load
is applied to at least one of first rotating tool and the sec-
ond rotating tool, the control unit controls at least one of
the first movement mechanism and the second move-
ment mechanism so that the vibration mode is switched
to a vibration mode other than the load vibration mode.
[0060] According to this configuration, the control unit
controls at least one of the first movement mechanism

and the second movement mechanism so that the vibra-
tion mode is switched to a vibration mode other than the
load vibration mode. In this manner, it is possible to limit
the load applied to the friction stirring tool. Therefore, it
is possible to prevent the protrusion and the protrusion
accommodating portion in the friction stirring tool from
coming into contact with each other.
[0061] According to the present invention, there is pro-
vided a friction stir welding method in which the friction
stirring tool is used so as to weld the welding-target por-
tion of the metal material. The friction stir welding method
includes a rotating step of rotating the first rotating tool
and the second rotating tool by inserting the first rotating
tool into a through-hole previously formed to penetrate a
welding starting point from one side of the through-hole,
by inserting the second rotating tool into the through-hole
from the other side of the through-hole, and by accom-
modating the protrusion of the first rotating tool in the
protrusion accommodating portion of the second rotating
tool, a position adjusting step of relatively adjusting each
inserting position of the first rotating tool and the second
rotating tool, a moving step of moving the first rotating
tool and the second rotating tool along the welding-target
portion of the metal material from the welding starting
point to a welding end point, and an extracting step of
extracting the first rotating tool and the second rotating
tool from the welding-target portion in a state where the
first rotating tool and the second rotating tool are rotated
at the welding end point.
[0062] According to this configuration, even if the thick-
ness of the welding-target portion of the metal material
varies, friction stir welding can be suitably performed on
the welding-target portion by using the above-described
friction stirring tool, while the load applied to the tool is
limited.
[0063] In addition, it is preferable that in the moving
step, each position of the first rotating tool and the second
rotating tool is relatively adjusted.
[0064] According to this configuration, not only in the
position adjusting step but also in the moving step, it is
possible to adjust the relative position of the first rotating
tool and the second rotating tool. Therefore, it is possible
to prevent the first rotating tool and the second rotating
tool from coming into contact with each other, and it is
possible to limit the load applied to the friction stirring tool.
[0065] In addition, it is preferable that the through-hole
has an inner diameter so that one side gap between the
first rotating tool and the through-hole is different from
the other side gap between the second rotating tool and
the through-hole.
[0066] According to this configuration, the rotating tool
on the wide gap side is first inserted, and a hole is plugged
on a shoulder surface of the shoulder portion of the ro-
tating tool. Thereafter, a lateral wall of the hole is cut by
the rotating tool on the opposite side, thereby filling a gap
between the rotating tool on the opposite side and a
through-hole. In this manner, it is possible to decrease
the gap of the through-hole of a welding starting portion,
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and it is possible to improve a filling ratio of the through-
hole filled with the metal material. Therefore, it is possible
to prevent the welding starting portion from being defec-
tive or dented.
[0067] In addition, it is preferable that at least one of
the welding starting point and the welding end point is
located on a tab plate which is attached to the metal ma-
terial.
[0068] According to this configuration, the through-
hole formed at the welding starting point and the hole
formed by extracting the first rotating tool and the second
rotating tool at the welding end point can be formed on
the tab plate without being formed on the metal material.

Brief Description of Drawings

[0069]

Fig. 1 is a schematic configuration view schemati-
cally illustrating a friction stir welding device accord-
ing to Embodiment 1.
Fig. 2 is an explanatory view relating to a friction
stirring tool according to Embodiment 1.
Fig. 3 is a plan view illustrating an example of a shape
of a first shoulder portion.
Fig. 4 is a plan view illustrating an example of the
shape of the first shoulder portion.
Fig. 5 is a plan view illustrating an example of the
shape of the first shoulder portion.
Fig. 6 is a plan view illustrating an example of each
shape of a protrusion and a protrusion accommodat-
ing portion.
Fig. 7 is an explanatory view illustrating an example
of a metal plate before friction stir welding is per-
formed.
Fig. 8 is a flowchart of a friction stir welding method
according to Embodiment 1.
Fig. 9 is a schematic configuration view schemati-
cally illustrating a portion of a friction stir welding de-
vice according to a modification example of Embod-
iment 1.
Fig. 10 is a schematic configuration view schemati-
cally illustrating a portion of a friction stir welding de-
vice according to Embodiment 2.
Fig. 11 is a partially enlarged explanatory view of the
friction stirring tool according to Embodiment 2.
Fig. 12 is a schematic configuration view schemati-
cally illustrating a portion of a friction stir welding de-
vice according to Embodiment 3.
Fig. 13 is a schematic configuration view schemati-
cally illustrating a portion of a friction stir welding de-
vice according to a modification example of Embod-
iment 3.

Description of Embodiments

[0070] Hereinafter, embodiments according to the
present invention will be described in detail with refer-

ence to the drawings. The present invention is not limited
to the embodiments. In addition, configuration elements
in the embodiments described below include elements
which can be easily replaced by those skilled in the art
or elements which are substantially identical.

Embodiment 1

[0071] Fig. 1 is a schematic configuration view sche-
matically illustrating a friction stir welding device accord-
ing to Embodiment 1. Fig. 2 is an explanatory view relat-
ing to a friction stirring tool according to Embodiment 1.
Figs. 3 to 5 are plan views illustrating an example of a
shape of a first shoulder portion. Fig. 6 is a plan view
illustrating an example of each shape of a protrusion and
a protrusion accommodating portion. Fig. 7 is an explan-
atory view illustrating an example of a metal plate before
friction stir welding is performed. Fig. 8 is a flowchart of
a friction stir welding method according to Embodiment 1.
[0072] A friction stir welding device 1 according to Em-
bodiment 1 is a device for performing so-called friction
stir welding (FSW), in which a pair of rotating tools 21
and 22 arranged on front and rear surfaces of a groove
portion 6 are used so as to weld a pair of metal plates 5
by performing friction stirring on a groove portion 6
formed by causing the pair of metal plates 5 to butt against
each other. First, referring to Figs. 1 and 7, the pair of
metal plates 5 which are welding-targets will be de-
scribed.
[0073] For example, the metal plate 5 is configured to
include an aluminum alloy, and is a large rectangular
plate material whose one side is 2 m or greater. In addi-
tion, the metal plate 5 has a thickness of 15 mm or greater.
As illustrated in Fig. 1, end surfaces of the pair of metal
plates 5 are caused to butt against each other, thereby
forming an I-shaped groove portion 6. Therefore, as il-
lustrated in Fig. 7, the groove portion 6 is formed so as
to linearly extend in a predetermined direction. In addi-
tion, in the pair of metal plates 5, tab plates 7 are respec-
tively attached to both sides of the groove portion 6 which
linearly extends. The pair of tab plates 7 on both sides
of the groove portion 6 are attached to the pair of metal
plates 5 by means of tack welding, thereby fixing mutual
positions of the pair of metal plates 5. In this case, a
welding starting point in the friction stir welding is located
on one tab plate 7, and a welding end point is located on
the other tab plate 7. Therefore, the friction stir welding
is performed from one tab plate 7 toward the other tab
plate 7 through the groove portion 6. Although details will
be described later, a through-hole 8 into which the pair
of rotating tools 21 and 22 are inserted is previously
formed to penetrate the welding starting point on one tab
plate 7.
[0074] The friction stir welding device 1 according to
Embodiment 1 performs friction stir welding on the
groove portion 6 in which the pair of metal plates 5 are
caused to butt against each other. However, without be-
ing limited to this configuration, the friction stir welding
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may be performed on multiple metal plates 5 which are
stacked on one another.
[0075] Here, the pair of metal plates 5 welded by the
friction stir welding are handled as a large metal plate,
and are subjected to plastic processing during the sub-
sequent step. Therefore, if a defectively welded portion
(kissing bond) is formed in a welding-target portion
(groove portion 6) of the pair of metal plates 5 welded by
the friction stir welding, there is a possibility of damage
such as cracks or breakage caused by the defectively
welded portion. In this regard, in order to prevent the
defectively welded portion from being formed, the friction
stirring welding device 1 according to Embodiment 1
adopts the following configuration.
[0076] Referring to Fig. 1, the friction stirring welding
device 1 will be described. The friction stirring welding
device 1 illustrated in Fig. 1 performs friction stir welding
from both sides in the thickness direction of the groove
portion 6. The friction stirring welding device 1 includes
a friction stirring tool 10, a first pressing and rotating
mechanism 11, a second pressing and rotating mecha-
nism 12, a first movement mechanism 13, a second
movement mechanism 14, a support jig 15, a tool load
detector 16, and a control unit 20. In a state where each
position of the pair of metal plates 5 is fixed, the friction
stir welding device 1 performs the friction stir welding
while moving the friction stirring tool 10 along the groove
portion 6.
[0077] The friction stirring tool 10 has a first rotating
tool 21 and a second rotating tool 22. The first rotating
tool 21 is arranged across the groove portion 6 on one
side (front surface side: upper side in Fig. 1) in the thick-
ness direction. The first rotating tool 21 rotates around a
first rotation axis I1, and is pressed against the front sur-
face of the groove portion 6. The second rotating tool 22
is arranged across the groove portion 6 on the other side
(rear surface side: lower side in Fig. 1) in the thickness
direction. The second rotating tool 22 rotates around a
second rotation axis I2, and is pressed against the rear
surface of the groove portion 6. Then, the first rotating
tool 21 and the second rotating tool 22 are arranged so
as to face each other in the thickness direction. The ro-
tation directions of the first rotating tool 21 and the second
rotating tool 22 are opposite to each other. In addition,
the first rotation axis I1 of the first rotating tool 21 and the
second rotation axis I2 of the second rotating tool 22 are
coaxial with each other. Therefore, the first rotation axis
I1 and the second rotation axis I2 are orthogonal to the
front surface and the rear surface of the groove portion 6.
[0078] According to Embodiment 1, the rotation direc-
tions of the first rotating tool 21 and the second rotating
tool 22 are opposite to each other, but are not limited to
this configuration. As long as the rotation directions are
suitable for the friction stir welding, the first rotating tool
21 and the second rotating tool 22 may employ any ro-
tation direction, and may employ any rotation speed.
[0079] The first rotating tool 21 has a first tool main
body 31, a first probe 32, and a protrusion 33. The first

tool main body 31 has a first shoulder portion 35 formed
on a front end side which is the second rotating tool 22
side. In the first shoulder portion 35, a surface on the
front end side serves as a circular first shoulder surface
35a which comes into contact with the front surface on
one side (front surface side: upper side in Fig. 1) of the
groove portion 6. The first rotating tool 21 rotates in a
state where the first shoulder surface 35a of the first
shoulder portion 35 is brought into contact with the front
surface of the groove portion 6, thereby transferring heat
generated due to friction to the groove portion 6 and stir-
ring the metal of the groove portion 6 softened by the
transferred heat. The length of the first probe 32 is gen-
erally slightly shorter than half of the minimum plate thick-
ness of the groove portion 6.
[0080] Here, the first shoulder portion 35 has a shape
illustrated in Figs. 3 to 5. According to Embodiment 1,
any shape may be employed. The first shoulder portion
35 has a groove-shaped recess 36 formed on the first
tool main body 31 side from the first shoulder surface
35a. The recess 36 has a shape in which the metal sof-
tened due to the friction between the first shoulder portion
35 and the metal plate 5 faces the center side of the first
shoulder portion 35.
[0081] Specifically, the recess 36 illustrated in Fig. 3
is configured to include a single body. The single recess
36 is arranged in a spiral shape (scroll shape) facing in-
ward from the outer side on the first shoulder surface
35a. The recess 36 illustrated in Fig. 4 is configured to
include two bodies. The two recesses 36 are disposed
at positions whose phases are different from each other
by 180° on the first shoulder surface 35a, and are ar-
ranged in a spiral shape facing inward from the outer
side. The recess 36 illustrated in Fig. 5 is configured to
include multiple bodies. The multiple recesses 36 are
disposed at predetermined intervals in a circumferential
direction of the first shoulder surface 35a, and are linearly
arranged so as to face inward from the outer side.
[0082] Referring back to Fig. 1, the first probe 32 is
disposed so as to protrude to the front end side from the
first shoulder surface 35a of the first tool main body 31.
The first probe 32 is arranged so as to sink into the sof-
tened groove portion 6, and is fixed to the first tool main
body 31 so as to rotate integrally with the first tool main
body 31. The first probe 32 has a large diameter on the
rear end side, and is formed in a tapered shape whose
diameter becomes thinner toward the front end side. A
surface on the front end side of the first probe 32 is a
circular front end surface 32a. In addition, an outer pe-
ripheral surface of the first probe 32 has a groove formed
in order to stir the metal of the softened groove portion 6.
[0083] The protrusion 33 is disposed so as to protrude
to the front end side from the front end surface 32a of
the first probe 32. Similarly to the first probe 32, the pro-
trusion 33 is arranged so as to sink into the softened
groove portion 6, and is integrated with the first probe 32
so as to rotate integrally with the first tool main body 31
and the first probe 32. Here, the protrusion 33 has a po-
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lygonal cross section taken along a plane orthogonal to
the first rotation axis I1. For example, as illustrated in Fig.
6, the protrusion 33 has a regular hexagonal cross sec-
tion. According to Embodiment 1, the protrusion 33 em-
ploys the regular hexagonal cross section, but may em-
ploy a regular triangular shape or a square shape.
[0084] In addition, as illustrated in Fig. 2, in the protru-
sion 33, a length in the protruding direction, that is, a
length I in the axial direction of the first rotation axis I1 is
50% or smaller, compared to a combined length L in the
axial direction of the first probe 32 and the protrusion 33.
That is, the length I in the axial direction of the protrusion
33 is equal to or smaller than the length in the axial di-
rection of the first probe 32.
[0085] Referring back to Fig. 1, the second rotating tool
22 has a second tool main body 41, a second probe 42,
and a protrusion accommodating portion 43. The second
tool main body 41 has a second shoulder portion 45
formed on the front end side which is the first rotating
tool 21 side. The second shoulder portion 45 is configured
similarly to the first shoulder portion 35, and a surface
thereof on the front end side serves as a circular second
shoulder surface 45a which comes into contact with the
rear surface on the other side (rear surface side: lower
side in Fig. 1) of the groove portion 6. The second rotating
tool 22 rotates in a state where the second shoulder sur-
face 45a of the second shoulder portion 45 is brought
into contact with the rear surface of the groove portion
6, thereby transferring heat generated due to friction to
the groove portion 6 and stirring the metal of the groove
portion 6 softened by the transferred heat. The length of
the second probe 42 is generally slightly shorter than half
of the minimum plate thickness of the groove portion 6.
[0086] Here, the second shoulder portion 45 has the
recess 36 similar to that of the first shoulder portion 35.
The recess 36 is the same as that of the first shoulder
portion 35, and thus description thereof will be omitted.
[0087] The second probe 42 is disposed so as to pro-
trude to the front end side from the second shoulder sur-
face 45a of the second tool main body 41. Similarly to
the first probe 32, the second probe 42 is arranged so
as to sink into the softened groove portion 6, and is fixed
to the second tool main body 41 so as to rotate integrally
with the second tool main body 41. The second probe 42
has a large diameter on the rear end side, and is formed
in a tapered shape whose diameter becomes thinner to-
ward the front end side. A surface on the front end side
of the second probe 42 is a circular front end surface 42a
(refer to Fig. 6). In addition, an outer peripheral surface
of the second probe 42 has a groove formed in order to
stir the metal of the softened groove portion 6.
[0088] The protrusion accommodating portion 43 is
disposed so as to sink to the rear end side from the front
end surface 42a of the second probe 42. For example,
as illustrated in Fig. 6, the protrusion accommodating por-
tion 43 has a circular cross section taken along a plane
orthogonal to the second rotation axis I2, and is formed
in a hollow cylindrical shape whose central axis is the

second rotation axis I2. The protrusion 33 of the first ro-
tating tool 21 is inserted in the axial direction of the second
rotation axis I2, thereby enabling the protrusion accom-
modating portion 43 to partially accommodate the pro-
trusion 33. That is, an inner diameter of the protrusion
accommodating portion 43 is larger than a rotation diam-
eter of the protrusion 33.
[0089] Here, as illustrated in Fig. 2, a rotation diameter
r of the protrusion 33 falls within 40% to 80%, compared
to an outer diameter (rotation diameter) R of the annular
front end surface 42a of the second probe 42. In this
manner, the length in a radial direction from the inner
diameter to the outer diameter on the annular front end
surface 42a can be set to the length of 10% to 30% of
the diameter R. That is, for example, when the rotation
diameter r of the protrusion 33 is 80%, compared to the
rotation diameter R of the second probe 42, the length
in the radial direction from the inner diameter to the outer
diameter on the annular front end surface 42a is 10% of
the rotation diameter R. In addition, for example, when
the rotation diameter r of the protrusion 33 is 40%, com-
pared to the rotation diameter R of the second probe 42,
the length in the radial direction from the inner diameter
to the outer diameter on the annular front end surface
42a is 30% of the rotation diameter R. Accordingly, the
thickness between the outer peripheral surface of the
second probe 42 and the inner peripheral surface of the
protrusion accommodating portion 43 can be secured as
the thickness which can withstand a load applied due to
the contact with the protrusion 33.
[0090] In addition, as illustrated in Fig. 6, the protrusion
33 and the protrusion accommodating portion 43 are
formed so that a predetermined gap is disposed between
the protrusion 33 and the inner peripheral surface of the
protrusion accommodating portion 43 for accommodat-
ing the protrusion 33. The predetermined gap is disposed
therebetween, thereby bringing the protrusion 33 and the
protrusion accommodating portion 43 into a non-contact
state.
[0091] Incidentally, the protrusion 33 and the protru-
sion accommodating portion 43 are designed in accord-
ance with the maximum presumed thickness of the
groove portion 6. That is, if the thickness of the groove
portion 6 is the maximum thickness, the first rotating tool
21 and the second rotating tool 22 are designed so as to
be brought into a state where at least the front end portion
of the protrusion 33 is accommodated in the protrusion
accommodating portion 43 when the groove portion 6 is
welded.
[0092] Referring back to Fig. 1, the first pressing and
rotating mechanism 11 and the second pressing and ro-
tating mechanism 12 will be described. The first pressing
and rotating mechanism 11 is connected to the first ro-
tating tool 21, and is controlled by the control unit 20. The
first pressing and rotating mechanism 11 moves the first
rotating tool 21 toward the groove portion 6, and rotates
the first rotating tool 21. Therefore, the first pressing and
rotating mechanism 11 rotates the first rotating tool 21 in
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a state where the first shoulder surface 35a of the first
shoulder portion 35 of the first rotating tool 21 is pressed
against the front surface of the groove portion 6.
[0093] The second pressing and rotating mechanism
12 is configured similarly to the first pressing and rotating
mechanism 11, is connected to the second rotating tool
22, and is controlled by the control unit 20. The second
pressing and rotating mechanism 12 moves the second
rotating tool 22 toward the groove portion 6, and rotates
the second rotating tool 22. Therefore, the second press-
ing and rotating mechanism 12 rotates the second rotat-
ing tool 22 in a state where the second shoulder surface
45a of the second shoulder portion 45 of the second ro-
tating tool 22 is pressed against the rear surface of the
groove portion 6.
[0094] The first movement mechanism 13 is connected
to the first rotating tool 21, and is controlled by the control
unit 20. The first movement mechanism 13 employs a
first motor (not illustrated) as a power source, and moves
the first rotating tool 21 along the groove portion 6 which
linearly extends in a predetermined direction. The first
motor is connected to the tool load detector 16 (to be
described later).
[0095] The second movement mechanism 14 is con-
figured similarly to the first movement mechanism 13, is
connected to the second rotating tool 22, and is controlled
by the control unit 20. The second movement mechanism
14 employs a second motor (not illustrated) as a power
source, and moves the second rotating tool 22 along the
groove portion 6 which linearly extends in the predeter-
mined direction. The second motor is connected to the
tool load detector 16 (to be described later).
[0096] The first movement mechanism 13 and the sec-
ond movement mechanism 14 move the first rotating tool
21 and the second rotating tool 22 while the first rotating
tool 21 and the second rotating tool 22 are synchronized
with each other.
[0097] The support jigs 15 are a pair of jigs which re-
spectively support the pair of metal plates 5, and are re-
spectively disposed across the groove portion 6 on the
rear surface of the pair of metal plates 5. The pair of metal
plates 5 are placed on the upper portion of the pair of
support jigs 15, thereby respectively supporting the pair
of metal plates 5.
[0098] The tool load detector 16 has a first motor load
detector 51 which detects a load applied to the first motor
of the first movement mechanism 13, and a second motor
load detector 52 which detects a load applied to the sec-
ond motor of the second movement mechanism 14. The
first motor load detector 51 is connected to the control
unit 20, and outputs the load applied to the first motor
toward the control unit 20. The second motor load detec-
tor 52 is connected to the control unit 20, and outputs the
load applied to the second motor toward the control unit
20.
[0099] The control unit 20 is connected to the first
pressing and rotating mechanism 11, the second press-
ing and rotating mechanism 12, the first movement mech-

anism 13, and the second movement mechanism 14 so
as to control the respective mechanisms 11, 12, 13, and
14. In addition, the control unit 20 is connected to the first
motor load detector 51 and the second motor load de-
tector 52 so as to control the respective mechanisms 11,
12, 13, and 14, based on a detection result of the respec-
tive detectors 51 and 52.
[0100] Specifically, the control unit 20 controls the first
pressing and rotating mechanism 11 and the second
pressing and rotating mechanism 12, and moves the first
rotating tool 21 and the second rotating tool 22 toward
the groove portion 6 so that a load applied to the groove
portion 6 interposed between the first rotating tool 21 and
the second rotating tool 22 becomes a predetermined
load. In addition, the control unit 20 controls the first
pressing and rotating mechanism 11 and the second
pressing and rotating mechanism 12, and rotates the first
rotating tool 21 and the second rotating tool 22 so that
the rotation directions of the first rotating tool 21 and the
second rotating tool 22 become opposite to each other,
and additionally so that the first rotating tool 21 and the
second rotating tool 22 are rotated at a predetermined
rotation speed.
[0101] In addition, the control unit 20 controls the first
movement mechanism 13 and the second movement
mechanism 14, and controls the first rotating tool 21 and
the second rotating tool 22 so as to be moved along the
groove portion 6 in synchronization with each other.
Here, when the first rotating tool 21 and the second ro-
tating tool 22 are moved while being in synchronization
with each other, relative positions of the first rotating tool
21 and the second rotating tool 22 are misaligned with
each other in a predetermined direction in which the
groove portion 6 extends, thereby causing a possibility
that a great load may be applied thereto as in a case
where the first rotating tool 21 and the second rotating
tool 22 come into contact with each other. In this case,
based on a detection result of the first motor load detector
51 and the second motor load detector 52, the control
unit 20 controls the first movement mechanism 13 and
the second movement mechanism 14 so as to adjust the
relative positions of the first rotating tool 21 and the sec-
ond rotating tool 22. Specifically, the control unit 20 de-
rives a difference between a load of the first motor which
is detected by the first motor load detector 51 and a load
of the second motor which is detected by the second
motor load detector 52. If based on the derived difference,
the control unit 20 determines that the load of the first
movement mechanism 13 is greater than the load of the
second movement mechanism 14, the control unit 20 de-
termines that the first rotating tool 21 pulls the second
rotating tool 22 while the protrusion 33 and the protrusion
accommodating portion 43 come into contact with each
other. Then, the control unit 20 controls at least one of
the first movement mechanism 13 and the second move-
ment mechanism 14, relatively slows down the move-
ment speed of the first rotating tool 21 by a predetermined
time, compared to the movement speed of the second
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rotating tool 22, and brings the protrusion 33 and the
protrusion accommodating portion 43 into a non-contact
state. On the other hand, if based on the derived differ-
ence, the control unit 20 determines that the load of the
second movement mechanism 14 is greater than the load
of the first movement mechanism 13, the control unit 20
determines that the second rotating tool 22 pulls the first
rotating tool 21 while the protrusion 33 and the protrusion
accommodating portion 43 come into contact with each
other. Then, the control unit 20 controls at least one of
the first movement mechanism 13 and the second move-
ment mechanism 14, relatively slows down the move-
ment speed of the second rotating tool 22 by a predeter-
mined time, compared to the movement speed of the first
rotating tool 21, and brings the protrusion 33 and the
protrusion accommodating portion 43 into a non-contact
state.
[0102] Next, referring to Fig. 8, a friction stir welding
method using the above-described friction stir welding
device 1 will be described. The pair of metal plates 5 on
which friction stir welding is performed are previously in
a state illustrated in Fig. 7. That is, in a state where end
surfaces thereof are caused to butt against each other
so as to form the groove portion 6, the pair of metal plates
5 are in a state of being temporarily welded (tacked) by
the pair of tab plates 7. In this case, the through-hole 8
is formed in a welding starting point on one tab plate 7.
The through-hole 8 has an inner diameter so that a gap
between (the first probe 32 of) the first rotating tool 21
on one side (front surface side of the groove portion 6)
and the through-hole 8 is different from a gap between
(the second probe 42 of) the second rotating tool 22 on
the other side (rear surface side of the groove portion 6)
and the through-hole 8. That is, when the respective
probes 32 and 42 have the same shape, the inner diam-
eter on one side of the through-hole 8 is smaller than the
inner diameter on the other side of the through-hole 8,
or the inner diameter on the other side of the through-
hole 8 is smaller than the inner diameter on one side of
the through-hole 8.
[0103] When the friction stir welding is performed, the
control unit 20 first controls the first pressing and rotating
mechanism 11 and the second pressing and rotating
mechanism 12 so as to insert the first rotating tool 21 into
the through-hole 8 previously formed to penetrate the
welding starting point from the front surface side of the
through-hole 8, and so as to insert the second rotating
tool 22 into the through-hole 8 from the rear surface side
of the through-hole 8. In this case, the control unit 20
allows the protrusion 33 of the first rotating tool 21 to be
accommodated in the protrusion accommodating portion
43 of the second rotating tool 22. At this time point, a gap
is present between the friction stirring tool 10 and (the
through-hole 8 formed in) the metal plate 5. Then, the
control unit 20 controls the first pressing and rotating
mechanism 11 and the second pressing and rotating
mechanism 12 so as to rotate the first rotating tool 21
and the second rotating tool 22 (Step S1: rotating step).

[0104] Subsequently, the control unit 20 controls the
first pressing and rotating mechanism 11 and the second
pressing and rotating mechanism 12 so as to relatively
adjust each insertion position for the first rotating tool 21
and the second rotating tool 22 (Step S2: position adjust-
ing step). Specifically, while controlling the positions of
the first rotating tool 21 and the second rotating tool 22,
the control unit 20 controls the first pressing and rotating
mechanism 11 and the second pressing and rotating
mechanism 12 so that a load applied to the groove portion
6 becomes a predetermined load.
[0105] Thereafter, the control unit 20 controls the first
movement mechanism 13 and the second movement
mechanism 14 so as to move the first rotating tool 21 and
the second rotating tool 22 from the welding starting point
on one tab plate 7 to the welding end point on the other
tab plate 7 through the groove portion 6 (Step S3: moving
step). In this manner, the friction stir welding is performed
on the groove portion 6 of the pair of metal plates 5 by
the first rotating tool 21 and the second rotating tool 22.
During this moving step S3, the control unit 20 controls
the first movement mechanism 13 and the second move-
ment mechanism 14 so as to adjust the movement speed
of the first rotating tool 21 and the second rotating tool
22. In this manner, the relative positions are adjusted so
as to bring the first rotating tool 21 and the second rotating
tool 22 into a non-contact state.
[0106] Then, if the first rotating tool 21 and the second
rotating tool 22 reach the welding end point, the control
unit 20 controls the first pressing and rotating mechanism
11 and the second pressing and rotating mechanism 12.
While rotating the first rotating tool 21 and the second
rotating tool 22, the control unit 20 extracts the first ro-
tating tool 21 and the second rotating tool 22 from the
other tab plate 7 (Step S4: extracting step).
[0107] As described above, according to the configu-
ration in Embodiment 1, the protrusion 33 of the first ro-
tating tool 21 is accommodated in the protrusion accom-
modating portion 43 of the second rotating tool 22, and
the first rotating tool 21 and the second rotating tool 22
are rotated. While heat is transferred into both the front
surface and the rear surface of the groove portion 6 of
the pair of metal plates 5, the friction stir welding can be
performed on the groove portion 6. Therefore, even if the
groove portion 6 becomes thick, an accommodation
depth (insertion depth) for accommodating the protrusion
33 in the protrusion accommodating portion 43 is properly
changed. Accordingly, friction stirring can be performed
over the thickness of the groove portion 6 by arranging
the first probe 32, the second probe 42, and the protrusion
33. In this manner, a predetermined gap is not formed
between the first probe 32 and the second probe 42.
Therefore, it is possible to limit the occurrence of a de-
fectively welded portion in the groove portion 6. In addi-
tion, even if the groove portion 6 becomes thick, the ac-
commodation depth for accommodating the protrusion
33 in the protrusion accommodating portion 43 may be
changed. Accordingly, it is not necessary to change the
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length of the first probe 32 and the second probe 42 in
the axial direction (protruding direction) of the first probe
32 and the second probe 42. Therefore, it is possible to
limit an increase in a load applied to the friction stirring
tool 10. In addition, the length in the axial direction (pro-
truding direction) of the first probe 32 and the second
probe 42 can be shortened to approximately half of the
probe disclosed in PTL 2. The load applied to the respec-
tive probes 32 and 42 can be considerably reduced. Ac-
cording to the above-described configuration, even if the
thickness of the groove portion 6 varies, friction stir weld-
ing can be suitably performed on the groove portion 6,
while the load applied to the friction stirring tool 10 is
limited.
[0108] In addition, according to the configuration in
Embodiment 1, the length of the protrusion 33 can be
shortened further than the length of the first probe 32.
Accordingly, it is possible to decrease a bending moment
applied to the protrusion 33. Therefore, it is possible to
limit a load applied to the protrusion 33.
[0109] In addition, according to the configuration in
Embodiment 1, the length in the radial direction from the
inner side diameter to the outer side diameter on the an-
nular front end surface 42a of the second probe 42 can
be set to the length of 10% to 30% of the diameter R.
Accordingly, the thickness between the outer peripheral
surface of the second probe 42 and the inner peripheral
surface of the protrusion accommodating portion 43 can
have the rigidity which can withstand a load applied due
to the contact with the protrusion 33.
[0110] In addition, according to the configuration in
Embodiment 1, the protrusion 33 and the inner peripheral
surface of the protrusion accommodating portion 43 can
be brought into a non-contact state. Accordingly, it is pos-
sible to decrease a load applied to the first rotating tool
21 and the second rotating tool 22 due to the contact.
[0111] In addition, according to the configuration in
Embodiment 1, the protrusion accommodating portion
43 can have a circular cross section. Accordingly, even
if the protrusion accommodating portion 43 is rotated, a
shape of the protrusion accommodating portion 43 is not
changed. Therefore, the protrusion accommodating por-
tion 43 can flexibly correspond to a shape of the protru-
sion 33. In this manner, even if there is a rotation differ-
ence between the first rotating tool 21 and the second
rotating tool 22, it is possible to adopt a configuration in
which the protrusion accommodating portion 43 is less
likely to come into contact with the protrusion 33.
[0112] In addition, according to the configuration in
Embodiment 1, the protrusion 33 can have a polygonal
cross section. Accordingly, the metal of the groove por-
tion 6 softened due to friction can be suitably stirred by
the protrusion 33.
[0113] In addition, according to the configuration in
Embodiment 1, even if the groove portion 6 has the max-
imum presumed thickness, the first rotating tool 21 and
the second rotating tool 22 can be rotated in a state where
the protrusion 33 is accommodated in the protrusion ac-

commodating portion 43.
[0114] In addition, according to the configuration in
Embodiment 1, the first rotation axis I1 can be orthogonal
to the front surface of the groove portion 6, and the sec-
ond rotation axis I2 can be orthogonal to the rear surface
of the groove portion 6. Therefore, the first shoulder sur-
face 35a of the first shoulder portion 35 and the second
shoulder surface 45a of the second shoulder portion 45
can be brought into surface contact with both the front
surface and the rear surface of the groove portion 6. Ac-
cordingly, heat can be efficiently transferred to the groove
portion 6 from the first shoulder portion 35 and the second
shoulder portion 45. In particular, the recess 36 is dis-
posed in the first shoulder portion 35 and the second
shoulder portion 45. Therefore, a material is supplied to
the groove portion 6, thereby enabling welding in which
defects are less likely to occur.
[0115] In addition, according to the configuration in
Embodiment 1, the movements of the first rotating tool
21 and the second rotating tool 22 can be synchronized
with each other. Therefore, it is possible to prevent the
first rotating tool 21 and the second rotating tool 22 from
being misaligned with each other due to the movements.
[0116] In addition, according to the configuration in
Embodiment 1, when a load is applied to the friction stir-
ring tool 10, based on a detection result of the first motor
load detector 51 and the second motor load detector 52,
the control unit 20 controls at least one of the first move-
ment mechanism 13 and the second movement mecha-
nism 14 so as to decrease a difference between loads
applied to the first motor of the first movement mecha-
nism 13 and the second motor of the second movement
mechanism 14. In this manner, it is possible to limit a
load applied to the friction stirring tool 10.
[0117] In addition, according to the configuration in
Embodiment 1, not only in the position adjusting step S2
but also in the moving step S3, the relative position be-
tween the first rotating tool 21 and the second rotating
tool 22 can be adjusted. Accordingly, it is possible to pre-
vent the first rotating tool 21 and the second rotating tool
22 from coming into contact with each other. Therefore,
it is possible to limit a load applied to the friction striring
tool 10.
[0118] In addition, according to the configuration in
Embodiment 1, the inner diameter on one side or the
inner diameter on the other side of the through-hole 8
can be decreased. Accordingly, it is possible to improve
a filling ratio of the through-hole 8 filled with the metal
material. Therefore, it is possible to prevent a dent in the
metal around the through-hole 8 which is softened due
to friction.
[0119] In addition, according to the configuration in
Embodiment 1, the through-hole 8 formed at the welding
starting point and the hole formed by extracting the first
rotating tool 21 and the second rotating tool 22 at the
welding end point can be formed on the tab plate 7 without
being formed on the pair of metal plates 5.
[0120] According to Embodiment 1, the recess 36 is
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disposed in the first shoulder portion 35. However, a con-
figuration may be adopted by omitting the recess 36.
[0121] In addition, according to Embodiment 1, the pro-
trusion 33 has the polygonal cross section, but may have
a circular cross section. In this case, the gap between
the protrusion 33 and the protrusion accommodating por-
tion 43 can be further shortened.
[0122] In addition, according to Embodiment 1, as the
tool load detector 16, the first motor load detector 51 and
the second motor load detector 52 are used in order to
detect a load applied to the friction stirring tool 10. How-
ever, the tool load detector 16 is not limited to this con-
figuration. As the tool load detector 16, a strain gauge
(strain detector) for detecting a strain of at least one of
the first rotation axis I1 of the first rotating tool 21 and the
second rotation axis I2 of the second rotating tool 22 may
be used in order to detect a load applied to the friction
stirring tool 10. According to this configuration, based on
a detection result of the strain gauge, the control unit 20
controls at least one of the first movement mechanism
13 and the second movement mechanism 14 so as to
decrease the strain of at least one of the first rotation axis
I1 and the second rotation axis I2. In this manner, the
protrusion 33 and the inner peripheral surface of the pro-
trusion accommodating portion 43 can be brought into a
non-contact state. Therefore, it is possible to limit a load
applied to the friction stirring tool 10.
[0123] Similarly, as the tool load detector 16, an oper-
ation sound detector for detecting an operation sound of
the friction stirring tool 10 may be used in order to detect
a load applied to the friction stirring tool 10. According to
this configuration, based on a detection result of the op-
eration sound detector, the control unit 20 controls at
least one of the first movement mechanism 13 and the
second movement mechanism 14 so as to decrease the
operation sound of the friction stirring tool 10. In this man-
ner, the protrusion 33 and the inner peripheral surface
of the protrusion accommodating portion 43 can be
brought into a non-contact state. Therefore, it is possible
to limit a load applied to the friction stirring tool 10.
[0124] Similarly, as the tool load detector 16, a vibra-
tion detector for detecting vibrations of at least one of the
first rotating tool 21 and the second rotating tool 22 may
be used in order to detect a load applied to the friction
stirring tool 10. According to this configuration, the control
unit 20 determines whether or not a vibration mode de-
tected by the vibration detector is a load vibration mode
when a load is applied to at least one of the first rotating
tool 21 and the second rotating tool 22. In a case of the
load vibration mode, the control unit 20 controls at least
one of the first movement mechanism 13 and the second
movement mechanism 14 so that the vibration mode is
switched to a vibration mode other than the load vibration
mode. In this manner, the protrusion 33 and the inner
peripheral surface of the protrusion accommodating por-
tion 43 can be brought into a non-contact state. There-
fore, it is possible to limit a load applied to the friction
stirring tool 10.

[0125] In addition, according to Embodiment 1, the first
rotation axis I1 and the second rotation axis I2 are coaxial
with each other. However, a modification example illus-
trated in Fig. 9 may be adopted. Fig. 9 is a schematic
configuration view schematically illustrating a portion of
a friction stir welding device according to the modification
example of Embodiment 1. As illustrated in Fig. 9, the
first rotating tool 21 and the second rotating tool 22 ac-
cording to the modification example are arranged so as
to tilt to the front surface and the rear surface of the groove
portion 6. Specifically, the first rotation axis I1 of the first
rotating tool 21 is arranged so as to tilt to a first orthogonal
axis J1 orthogonal to the front surface of the groove por-
tion 6 by a predetermined angle θ1. Similarly, the second
rotation axis I2 of the second rotating tool 22 is arranged
so as to tilt to a second orthogonal axis J2 orthogonal to
the rear surface of the groove portion 6 by a predeter-
mined angle θ2. Here, the angle θ1 and the angle θ2 are
set to be larger than 0° and equal to or smaller than 3°.
When the angle θ1 and the angle θ2 are set to 0°, as
described in Embodiment 1, the first rotation axis I1 and
the second rotation axis I2 are coaxial with each other.
[0126] As described above, according to the configu-
ration in the modification example, the first rotation axis
I1 of the first rotating tool 21 and the second rotation axis
I2 of the second rotating tool 22 can tilt to both the front
surface and the rear surface of the groove portion 6. Ac-
cordingly, the respective shoulder surfaces 35a and 45a
of the respective shoulder portions 35 and 45 in a tilted
shape come into contact with both the front surface and
the rear surface of the groove portion 6. Therefore, the
groove portion 6 can be actively stirred.

Embodiment 2

[0127] Next, referring to Figs. 10 and 11, a friction stir
welding device 100 according to Embodiment 2 will be
described. Fig. 10 is a schematic configuration view
schematically illustrating a portion of the friction stir weld-
ing device according to Embodiment 2. Fig. 11 is a par-
tially enlarged explanatory view of the friction stirring tool
according to Embodiment 2. In order to avoid repeated
description in Embodiment 2, configurations different
from those in Embodiment 1 will be described, and the
same reference numerals will be given to configurations
similar to those in Embodiment 1. The friction stir welding
device 1 according to Embodiment 2 adopts a configu-
ration in which the protrusion 33 of the friction stir welding
device 100 according to Embodiment 1 is attachable and
detachable. Hereinafter, the friction stir welding device
100 according to Embodiment 2 will be described.
[0128] As illustrated in Fig. 10, in the friction stir welding
device 100 according to Embodiment 2, each position of
the first rotating tool 21 and the second rotating tool 22
in the friction stirring tool 10 is opposite to the position in
the arrangement according to Embodiment 1. The first
rotating tool 21 has the first tool main body 31, a first
probe 102, and a protrusion 103. The first tool main body
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31 is similar to that according to Embodiment 1, and thus
description thereof will be omitted.
[0129] The first probe 102 is disposed so as to protrude
to the front end side from the first shoulder surface 35a
of the first tool main body 31, and is formed in a tapered
shape whose diameter becomes thinner toward the front
end side. The first probe 102 has a fixing hole 105 which
sinks to a rear end side from a front end surface 102a.
Therefore, the front end surface 102a of the first probe
102 is an annular surface.
[0130] As illustrated in Figs. 10 and 11, the fixing hole
105 is a hole for fixing the protrusion 103. The fixing hole
105 has a circular cross section taken along a plane or-
thogonal to the first rotation axis I1, and is formed in a
hollow cylindrical shape whose central axis is the first
rotation axis I1. In addition, the fixing hole 105 is a screw
hole whose inner peripheral surface has a screw groove
of a female screw. Therefore, the protrusion 103 having
a screw groove of a male screw (to be described later)
is fastened to the fixing hole. An edge portion on the front
end side of the fixing hole 105 has a flange accommo-
dating portion 106 which has a larger diameter than the
fixing hole 105. The flange accommodating portion 106
is formed in a hollow disc shape, and accommodates a
flange portion 113 disposed in the protrusion 103.
[0131] The protrusion 103 has a protrusion main body
111 on the front end side, a screw portion 112 on the rear
end side, and the flange portion 113 disposed between
the protrusion main body 111 and the screw portion 112.
The protrusion main body 111 is a portion protruding (ex-
posed) from the fixing hole 105. Similarly to Embodiment
1, the protrusion main body 111 has a polygonal cross
section taken along a plane orthogonal to the first rotation
axis I1. The screw portion 112 is a portion accommodated
inside the fixing hole 105, has a circular cross section
taken along a plane orthogonal to the first rotation axis
I1, and the outer peripheral surface has a screw groove
of a male screw. The flange portion 113 has a larger
diameter than the protrusion main body 111 and the
screw portion 112. The flange portion 113 protrudes out-
ward in the radial direction of the screw portion 112, and
is formed in an annular shape along the circumferential
direction.
[0132] If the above-described protrusion 103 is fas-
tened to the fixing hole 105, the screw portion 112 is
accommodated in the fixing hole 105, and the flange por-
tion 113 is accommodated in the flange accommodating
portion 106. In this case, the flange portion 113 comes
into contact with a bottom surface of the flange accom-
modating portion 106 in the axial direction of the first ro-
tation axis I1. Therefore, the flange portion 113 can pre-
vent the metal of the softened groove portion 6 from en-
tering a gap formed between the fixing hole 105 and the
screw portion 112.
[0133] In addition, the protrusion 103 is configured to
include a material whose rigidity is lower than that of the
second probe 42. Therefore, the rigidity of the front end
portion of the second probe 42 having the protrusion ac-

commodating portion 43 is higher than the rigidity of the
protrusion 103 accommodated in the protrusion accom-
modating portion 43. Accordingly, even when the protru-
sion accommodating portion 43 and the protrusion 103
come into contact with each other, a load applied to the
protrusion accommodating portion 43 is reduced.
[0134] In the protrusion 103 configured in this way, in
accordance with the thickness of the groove portion 6,
multiple types of the protrusion main body 111 which
have different lengths in the axial direction of the first
rotation axis I1 are prepared. That is, when the groove
portion 6 is thick, the protrusion 103 having the long pro-
trusion main body 111 is used. When the groove portion
6 is thin, the protrusion 103 having the short protrusion
main body 111 is used.
[0135] As described above, according to the configu-
ration in Embodiment 2, the protrusion 103 can be de-
tachably fixed to the first probe 102, thereby enabling the
protrusion 103 to be replaced. Therefore, if the protrusion
103 is damaged, the protrusion 103 can be replaced with
a new protrusion 103. In addition, in accordance with the
thickness of the groove portion 6, the protrusion 103 hav-
ing the suitable length can be selected and mounted on
the first probe 102.
[0136] In addition, according to the configuration in
Embodiment 2, the flange portion 113 can be disposed
in the protrusion 103. Accordingly, in a state where the
protrusion 103 is fixed to the fixing hole 105, the flange
portion 113 can prevent the metal of the groove portion
6 softened due to friction from entering a gap between
the fixing hole 105 and the screw portion 112. In this
manner, it is possible to prevent the fixing hole 105 and
the protrusion 103 from being fixedly attached to each
other.
[0137] In addition, according to the configuration in
Embodiment 2, the protrusion 103 can be configured to
include the material whose rigidity is lower than that of
the second probe 42. Accordingly, even when the pro-
trusion 103 comes into contact with the protrusion ac-
commodating portion 43 of the second probe 42, the re-
placeable protrusion 103 can absorb an impact made by
the contact with the second probe 42.
[0138] In addition, according to the configuration in
Embodiment 2, the protrusion 103 suitable for the thick-
ness of the groove portion 6 can be selected and attached
to the fixing hole 105 of the first probe 102. Therefore,
the friction stir welding can be suitably performed by using
the protrusion 103 suitable for the thickness of the groove
portion 6.

Embodiment 3

[0139] Next, referring to Fig. 12, a friction stir welding
device 120 according to Embodiment 3 will be described.
Fig. 12 is a schematic configuration view schematically
illustrating a portion of the friction stir welding device ac-
cording to Embodiment 3. In order to also avoid repeated
description in Embodiment 3, configurations different
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from those in Embodiments 1 and 2 will be described,
and the same reference numerals will be given to con-
figurations similar to those in Embodiments 1 and 2. The
friction stir welding device 120 according to Embodiment
3 adopts a configuration including a protrusion pin which
is movable inside the first rotating tool 21. Hereinafter,
the friction stir welding device 120 according to Embod-
iment 3 will be described.
[0140] As illustrated in Fig. 12, in the friction stir welding
device 120 according to Embodiment 3, each position of
the first rotating tool 21 and the second rotating tool 22
of the friction stirring tool 10 is opposite to the position in
the arrangement according to Embodiment 1. The first
rotating tool 21 has the first tool main body 31, a first
probe 132, and a protrusion pin 133. The first tool main
body 31 is similar to that according to Embodiment 1,
and thus description thereof will be omitted.
[0141] The first probe 132 is disposed so as to protrude
to the front end side from the first shoulder surface 35a
of the first tool main body 31, and is formed in a tapered
shape whose diameter becomes thinner toward the front
end side. The first probe 132 has a first insertion hole
141 which is formed to penetrate from a front end surface
132a thereof to a rear end side. Therefore, the front end
surface 132a of the first probe 132 is an annular surface.
[0142] The first insertion hole 141 is a hole into which
the protrusion pin 133 is inserted. The first insertion hole
141 is formed to penetrate from the first probe 132
throughout the first tool main body 31. The first insertion
hole 141 has a circular cross section taken along a plane
orthogonal to the first rotation axis I1, and is formed in a
hollow cylindrical shape whose central axis is the first
rotation axis I1.
[0143] The protrusion pin 133 is rotatably inserted into
the first insertion hole 141 of the first rotating tool 21, and
is movable in the axial direction of the first rotation axis
I1. The protrusion pin 133 is formed in a cylindrical shape
which has a circular cross section. The protrusion pin
133 functions as the protrusion by a portion on the front
end side protruding from the first insertion hole 141. The
protrusion pin 133 is formed in the cylindrical shape. How-
ever, for example, the front end portion may have a po-
lygonal cross section, and the rear end portion may have
a circular cross section. Alternatively, a shape of the front
end portion may be different from a shape of the rear end
portion. In addition, the protrusion pin 133 is rotatable
independently from the first tool main body 31 and the
first probe 132.
[0144] Here, a gap between the protrusion pin 133 and
the first insertion hole 141 has a narrow front end side of
the protrusion pin 133, and has a wide rear end side of
the protrusion pin 133. Therefore, the front end side of
the protrusion pin 133 is accurately aligned with the first
insertion hole 141 inside a plane orthogonal to the first
rotation axis I1. On the other hand, the rear end side of
the protrusion pin 133 is allowed to move inside the plane
orthogonal to the first rotation axis I1.
[0145] An axial movement and rotating mechanism

145 which moves the protrusion pin 133 in the axial di-
rection inside the first insertion hole 141 and which ro-
tates the protrusion pin 133 is connected to the protrusion
pin 133. The axial movement and rotating mechanism
145 is connected to the control unit 20. The axial move-
ment and rotating mechanism 145 is controlled by the
control unit 20 so as to control the axial movement and
rotation of the protrusion pin 133.
[0146] The second rotating tool 22 has the second tool
main body 41, the second probe 42, and a second inser-
tion hole 142 serving as the protrusion accommodating
portion. The second tool main body 41 and the second
probe 42 are similar to those according to Embodiment
1, and thus description thereof will be omitted.
[0147] The second insertion hole 142 is formed to pen-
etrate from a front end surface 42a to the rear end side
of the second probe 42. The second insertion hole 142
is a hole for accommodating the front end portion of the
protrusion pin 133. The second insertion hole 142 is
formed to penetrate from the second probe 42 throughout
the second tool main body 41. The second insertion hole
142 has a circular cross section taken along a plane or-
thogonal to the second rotation axis I2, and is formed in
a hollow cylindrical shape whose central axis is the sec-
ond rotation axis I2. In this case, the protrusion pin 133
is inserted into the first insertion hole 141 and the second
insertion hole 142 so that the first rotation axis I1 and the
second rotation axis I2 become coaxial with each other.
Therefore, according to Embodiment 3, friction stir weld-
ing is performed without tilting the first rotation axis I1
and the second rotation axis I2 to both the front surface
and the rear surface of the groove portion 6.
[0148] When the friction stir welding is performed by
using the friction stir welding device 120 configured as
described above, in the rotating step S1, the first rotating
tool 21 and the second rotating tool 22 are inserted from
the front and rear surfaces of the through-hole 8. There-
after, the protrusion pin 133 accommodated in the first
insertion hole 141 is moved to the front end side by the
axial movement and rotating mechanism 145, and is in-
serted into the second insertion hole 142. At this time
point, a gap is present between the friction stirring tool
10 and (the through-hole 8 formed in) the metal plate 5.
Thereafter, the first rotating tool 21, the second rotating
tool 22, and the protrusion pin 133 are rotated. In this
case, the rotation of the protrusion pin 133 may be prop-
erly changed in accordance with a gap between the front
end of the first probe 132 and the front end of the second
probe 42. That is, if the gap is wide, the rotation speed
of the protrusion pin 133 may be increased. In contrast,
if the gap is narrow, the rotation speed of the protrusion
pin 133 may be decreased.
[0149] As described above, according to the configu-
ration in Embodiment 3, the front end portion of the pro-
trusion pin 133 can be accommodated in the second in-
sertion hole 142 by moving the protrusion pin 133 inside
the first insertion hole 141. Therefore, if the thickness of
the groove portion 6 varies, it is possible to easily arrange
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the protrusion so as to have the length suitable for the
length of the groove portion 6 by changing a protrusion
amount of the protrusion pin 133 protruding from the first
insertion hole 141.
[0150] In addition, according to the configuration in
Embodiment 3, the protrusion pin 133 can be inserted
into the second insertion hole 142. Accordingly, the depth
of the protrusion pin 133 inserted into the second inser-
tion hole 142 can be set to a suitable depth. For example,
the protrusion pin 133 is deeply inserted into the second
insertion hole 142. In this manner, the first rotation axis
I1 of the first rotating tool 21 and the second rotation axis
I2 of the second rotating tool 22 can be accurately aligned
with each other. On the other hand, the protrusion pin
133 is shallowly inserted into the second insertion hole
142. In this manner, even if the protrusion pin 133 is slight-
ly tilted, the protrusion pin 133 is allowed to tilt inside the
second insertion hole 142. Therefore, it is possible to limit
a load applied to the protrusion pin 133.
[0151] In addition, according to the configuration in
Embodiment 3, on the front end side of the protrusion pin
133, the gap with the first insertion hole 141 is narrow.
Accordingly, alignment on the front end side of the pro-
trusion pin 133 can be accurately performed. On the other
hand, on the rear end side of the protrusion pin 133, the
gap with the first insertion hole 141 is wide. Accordingly,
the protrusion pin 133 is allowed to be deformed due to
eccentricity. Therefore, it is possible to limit a load applied
to the protrusion pin 133.
[0152] According to Embodiment 3, the protrusion pin
133 inserted into the first insertion hole 141 is rotatable
inside the first insertion hole 141. However, the embod-
iment is not limited thereto. Whereas the protrusion pin
133 and the first insertion hole 141 may be joined to each
other by a spline so as to allow the protrusion pin 133 to
move in the axial direction, the protrusion pin 133 may
be unmovable in the rotation direction. According to this
configuration, the rotation of the protrusion pin 133 can
be synchronized with the rotation of the first rotating tool
21.
[0153] In addition, the configuration in Embodiment 3
may further include a pin load detector for detecting a
load applied to the protrusion pin 133. The control unit
20 may control the axial movement and rotating mecha-
nism 145 so as to decrease a load applied when the
protrusion pin 133 enters and exits from the second in-
sert-hole 142. That is, when the load detected by the pin
load detector is great, the control unit 20 controls at least
one of the first movement mechanism 13 and the second
movement mechanism 14, and moves the relative posi-
tions of the upper and lower rotating tools 21 and 22 so
as to decrease the load applied to the protrusion pin 133.
[0154] In addition, the friction stir welding device 120
according to Embodiment 3 may adopt a modification
example illustrated in Fig. 13. Fig. 13 is a schematic con-
figuration view schematically illustrating a portion of a
friction stir welding device according to the modification
example of Embodiment 3. As illustrated in Fig. 13, the

second rotating tool 22 further has an ejector pin 146
which is movable inside the second insertion hole 142.
After the friction stir welding is performed, the ejector pin
146 is used in order to extract the metal of the softened
groove portion 6 which enters the inside of the second
insertion hole 142.
[0155] The ejector pin 146 is movable inside the sec-
ond insertion hole 142 in the axial direction of the second
rotation axis I2. The ejector pin 146 is formed in a cylin-
drical shape which has a circular cross section. A front
end side portion of the ejector pin 146 protrudes from the
second insertion hole 142. An axial movement mecha-
nism 147 which moves the ejector pin 146 inside the sec-
ond insertion hole 142 in the axial direction is connected
to the ejector pin 146. The axial movement mechanism
147 is connected to the control unit 20, and the axial
movement mechanism 147 is controlled by the control
unit 20, thereby controlling the movement of the ejector
pin 146 in the axial direction.
[0156] As described above, according to the configu-
ration in the modification example, after the friction stir
welding is performed, even if the metal of the groove
portion 6 softened due to friction enters the second in-
sertion hole 142, when the welding is completed, the ejec-
tor pin 146 can extract the softened metal and can dis-
charge the metal outward from the second insertion hole
142. Therefore, the metal softened when the temperature
of the friction stirring tool 10 is lowered can be prevented
from being fixedly attached thereto inside the second in-
sertion hole 142 after the welding is completed.
[0157] In addition, the friction stir welding devices 100
and 120 according to Embodiments 2 and 3 may further
include a thickness measuring instrument for measuring
the thickness of the groove portion 6 before welding or
during welding. Based on a measurement result detected
by the thickness measuring instrument, the control unit
20 may select the length of the protrusion 103 or the
protrusion amount of the protrusion pin 133. According
to this configuration, it is possible to use the protrusion
103 suitable for the thickness of the groove portion 6, or
it is possible to employ the protrusion amount of the pro-
trusion pin 133 which is suitable for the thickness of the
groove portion 6. In particular, Embodiment 3 includes a
function which enables the device to measure the thick-
ness of the groove portion 6 during the welding. There-
fore, it is possible to reduce a load applied to the friction
stirring tool 10 by controlling the protrusion amount of the
protrusion pin 133.

Reference Signs List

[0158]

1 FRICTION STIR WELDING DEVICE
5 METAL PLATE
6 GROOVE PORTION
7 TAB PLATE
8 THROUGH-HOLE
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10 FRICTION STIRRING TOOL
11 FIRST PRESSING AND ROTATING MECHA-

NISM
12 SECOND PRESSING AND ROTATING MECH-

ANISM
13 FIRST MOVEMENT MECHANISM
14 SECOND MOVEMENT MECHANISM
15 SUPPORT JIG
16 TOOL LOAD DETECTOR
20 CONTROL UNIT
21 FIRST ROTATING TOOL
22 SECOND ROTATING TOOL
31 FIRST TOOL MAIN BODY
32 FIRST PROBE
33 PROTRUSION
35 FIRST SHOULDER PORTION
41 SECOND TOOL MAIN BODY
42 SECOND PROBE
43 PROTRUSION ACCOMMODATING PORTION
45 SECOND SHOULDER PORTION
51 FIRST MOTOR LOAD DETECTOR
52 SECOND MOTOR LOAD DETECTOR
100 FRICTION STIR WELDING DEVICE (EMBODI-

MENT 2)
102 FIRST PROBE (EMBODIMENT 2)
103 PROTRUSION (EMBODIMENT 2)
105 FIXING HOLE 106 FLANGE ACCOMMODAT-

ING PORTION
111 PROTRUSION MAIN BODY
112 SCREW PORTION
113 FLANGE PORTION
120 FRICTION STIR WELDING DEVICE (EMBODI-

MENT 3)
132 FIRST PROBE (EMBODIMENT 3)
133 PROTRUSION PIN
141 FIRST INSERTION HOLE
142 SECOND INSERTION HOLE
145 AXIAL MOVEMENT AND ROTATING MECHA-

NISM
146 EJECTOR PIN
147 AXIAL MOVEMENT MECHANISM
I1 FIRST ROTATION AXIS
I2 SECOND ROTATION AXIS

Claims

1. A friction stirring tool comprising:

a first rotating tool that is arranged for a welding-
target portion of a metal material, on one side
across the welding-target portion; and
a second rotating tool that is arranged on the
other side across the welding-target portion, and
that is disposed so as to face the first rotating
tool,
wherein the first rotating tool has
a first tool main body having a first shoulder por-

tion which comes into contact with one side sur-
face of the welding-target portion,
a first probe protruding toward the second rotat-
ing tool from the first tool main body, and
a protrusion protruding toward the second rotat-
ing tool from the first probe, and
wherein the second rotating tool has
a second tool main body having a second shoul-
der portion which comes into contact with the
other side surface of the welding-target portion,
a second probe protruding toward the first rotat-
ing tool from the second tool main body, and
a protrusion accommodating portion disposed
in the second probe and capable of accommo-
dating the protrusion of the first rotating tool.

2. The friction stirring tool according to Claim 1, wherein
a length of the protrusion in a protruding direction is
equal to or smaller than 50%, compared to a com-
bined length of the first probe and the protrusion in
the protruding direction.

3. The friction stirring tool according to Claim 1 or 2,
wherein a rotation diameter of the protrusion is a
diameter of 40% to 80%, compared to a rotation di-
ameter on the first rotating tool side of the second
probe.

4. The friction stirring tool according to any one of
Claims 1 to 3,
wherein a predetermined gap brought into a non-
contact state is disposed between the protrusion and
an inner surface of the protrusion accommodating
portion in which the protrusion is accommodated.

5.  The friction stirring tool according to any one of
Claims 1 to 4,
wherein the protrusion accommodating portion has
a circular cross section which is taken along a plane
orthogonal to a rotation axis of the second rotating
tool.

6. The friction stirring tool according to any one of
Claims 1 to 5,
wherein the protrusion has a polygonal cross section
which is taken along a plane orthogonal to a rotation
axis of the first rotating tool.

7. The friction stirring tool according to any one of
Claims 1 to 6,
wherein if the thickness of the welding-target portion
is the maximum presumed thickness, when the weld-
ing-target portion is welded, the first rotating tool and
the second rotating tool are rotated in a state where
at least a portion of the protrusion is accommodated
in the protrusion accommodating portion.

8. The friction stirring tool according to any one of
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Claims 1 to 7,
wherein an angle formed between a direction orthog-
onal to one side surface of the welding-target portion
and the rotation axis of the first rotating tool and an
angle formed between a direction orthogonal to the
other side surface of the welding-target portion and
the rotation axis of the second rotating tool are angles
of 0° to 3°.

9. The friction stirring tool according to any one of
Claims 1 to 8,
wherein the protrusion is detachably fixed to the first
probe.

10. The friction stirring tool according to Claim 9, wherein
the first probe further has a fixing hole for fixing the
protrusion, and
wherein the protrusion has a flange portion which
protrudes outward from the fixing hole and which
comes into contact with the first probe.

11. The friction stirring tool according to Claim 9 or 10,
wherein the protrusion is configured to include a ma-
terial whose rigidity is lower than that of the second
probe.

12. The friction stirring tool according to any one of
Claims 9 to 11,
wherein multiple types of the protrusion are prepared
so as to have different lengths in the protruding di-
rection in accordance with the thickness of the weld-
ing-target portion.

13. The friction stirring tool according to any one of
Claims 1 to 7,
wherein the first rotating tool has
a first insertion hole which is formed to penetrate the
first probe along the rotation axis of the first rotating
tool, and
a protrusion pin which is movable inside the first in-
sertion hole, and
wherein the protrusion is a portion of the protrusion
pin which protrudes from the first insertion hole.

14. The friction stirring tool according to Claim 13,
wherein the protrusion accommodating portion is a
second insertion hole which is formed to penetrate
the second probe along the rotation axis of the sec-
ond rotating tool, and into which a portion of the pro-
trusion pin is inserted.

15. The friction stirring tool according to Claim 14,
wherein the second rotating tool further has an ejec-
tor pin which is movable inside the second insertion
hole.

16. The friction stirring tool according to any one of
Claims 13 to 15,

wherein the protrusion pin and the first insertion hole
are joined to each other by a spline.

17. The friction stirring tool according to any one of
Claims 13 to 15,
wherein the protrusion pin is rotatably inserted into
the first insertion hole.

18. The friction stirring tool according to any one of
Claims 13 to 17,
wherein a gap between the protrusion pin and the
first insertion hole has a narrow front end side of the
protrusion pin which is located on the second rotating
tool, and has a wide rear end side of the protrusion
pin.

19. The friction stirring tool according to any one of
Claims 1 to 18,
wherein the welding-target portion is a groove por-
tion which is formed by causing a pair of the metal
materials having a plate shape to butt against each
other.

20. A friction stir welding device comprising:

the friction stirring tool according to any one of
Claims 1 to 19;
a first pressing and rotating mechanism that ro-
tates the first rotating tool in a state where the
first shoulder portion of the first rotating tool of
the friction stirring tool is pressed against one
side surface of the welding-target portion;
a second pressing and rotating mechanism that
rotates the second rotating tool in a state where
the second shoulder portion of the second ro-
tating tool of the friction stirring tool is pressed
against the other side surface of the welding-
target portion;
a first movement mechanism that moves the first
rotating tool to the metal material along the weld-
ing-target portion of the metal material;
a second movement mechanism that moves the
second rotating tool to the metal material along
the welding-target portion of the metal material;
and
a control unit that controls the first pressing and
rotating mechanism, the second pressing and
rotating mechanism, the first movement mech-
anism, and the second movement mechanism.

21. The friction stir welding device according to Claim 20,
wherein the first movement mechanism and the sec-
ond movement mechanism move the first rotating
tool and the second rotating tool in synchronization
with each other along the welding-target portion of
the metal material.

22. The friction stir welding device according to Claim
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20 or 21, further comprising:

a tool load detector that detects a load of the
friction stirring tool,
wherein based on a detection result of the tool
load detector, the control unit controls at least
one of the first pressing and rotating mechanism,
the second pressing and rotating mechanism,
the first movement mechanism, and the second
movement mechanism so as to decrease the
load applied to the friction stirring tool.

23. The friction stir welding device according to Claim 22,
wherein the tool load detector has a first power load
detector which detects a load applied to a power
source of the first movement mechanism and a sec-
ond power load detector which detects a load applied
to a power source of the second movement mecha-
nism, and
wherein the control unit controls at least one of the
first movement mechanism and the second move-
ment mechanism so as to decrease a difference be-
tween the load detected by the first power load de-
tector and the load detected by the second power
load detector.

24.  The friction stir welding device according to Claim
22,
wherein the tool load detector has a strain detector
which detects a strain of the rotation axis of at least
one of the first rotating tool and the second rotating
tool, and
wherein the control unit controls at least one of the
first movement mechanism and the second move-
ment mechanism so as to decrease the strain de-
tected by the strain detector.

25. The friction stir welding device according to Claim 22,
wherein the tool load detector has an operation
sound detector which detects an operation sound of
the friction stirring tool, and
wherein the control unit controls at least one of the
first movement mechanism and the second move-
ment mechanism so as to decrease the operation
sound detected by the operation sound detector.

26. The friction stir welding device according to Claim 22,
wherein the tool load detector has a vibration detec-
tor which detects vibrations of at least one of the first
rotating tool and the second rotating tool, and
wherein if a vibration mode detected by the vibration
detector is a load vibration mode when a load is ap-
plied to at least one of first rotating tool and the sec-
ond rotating tool, the control unit controls at least one
of the first movement mechanism and the second
movement mechanism so that the vibration mode is
switched to a vibration mode other than the load vi-
bration mode.

27. A friction stir welding method in which the friction
stirring tool according to any one of Claims 1 to 19
is used so as to weld the welding-target portion of
the metal material, the method comprising:

a rotating step of rotating the first rotating tool
and the second rotating tool by inserting the first
rotating tool into a through-hole previously
formed to penetrate a welding starting point from
one side of the through-hole, by inserting the
second rotating tool into the through-hole from
the other side of the through-hole, and by ac-
commodating the protrusion of the first rotating
tool in the protrusion accommodating portion of
the second rotating tool;
a position adjusting step of relatively adjusting
each inserting position of the first rotating tool
and the second rotating tool;
a moving step of moving the first rotating tool
and the second rotating tool along the welding-
target portion of the metal material from the
welding starting point to a welding end point; and
an extracting step of extracting the first rotating
tool and the second rotating tool from the weld-
ing-target portion in a state where the first rotat-
ing tool and the second rotating tool are rotated
at the welding end point.

28. The friction stir welding method according to Claim
27,
wherein in the moving step, each position of the first
rotating tool and the second rotating tool is relatively
adjusted.

29. The friction stir welding method according to Claim
27 or 28,
wherein the through-hole has an inner diameter so
that one side gap between the first rotating tool and
the through-hole is different from the other side gap
between the second rotating tool and the through-
hole.

30. The friction stir welding method according to any one
of Claims 27 to 29,
wherein at least one of the welding starting point and
the welding end point is located on a tab plate which
is attached to the metal material.
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