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[Description] 

[Title of the Invention] FRICTION STIR WELDING APPARATUS 

[Technical Field] 

[0001] 

The present invention relates to a friction stir welding apparatus used to weld 

workpieces through friction stirring. 

This application claims priority to and the benefit of Japanese Patent Application 

No. 2010-247811 filed on November 4, 2010, the disclosure of which is incorporated by 

reference herein. 

[Background Art] 

[0002] 

In friction stir welding, as a probe (a rod-shaped protrusion) installed at a tip 

section of a friction stir welding tool is rotated and pushed to a junction of workpieces to 

be merged into the workpieces, frictional heat is generated at the junction of the 

workpieces to soften the workpieces and peripheries of the junction are plastically flowed 

and stir-mixed by a rotational force of the friction stir welding tool to integrally weld the 

plurality of workpieces. 	At the present time, the friction stir welding is mainly used to 

weld aluminum thin plates (a thickness of 10 mm or less) in which a welding reaction 

force generated upon the welding is small. 

[0003] 

As a conventional friction stir welding apparatus used for the friction stir 

welding, an apparatus including guide rails installed at both sides of a surface plate on 

which a workpiece is placed, a portal frame movably installed on the guide rails spanning 

the surface plate, a base movably cantilever-supported at the portal frame in a widthwise 

direction of the surface plate, a welding apparatus main body movably 

cantilever-supported at the base in an upward/downward direction, and a friction stir 

welding tool rotatably attached to a lower end section of the welding apparatus main body 

is proposed (foLexample, see Patent Document 1). 

[0004] 
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In addition, as another example of the conventional friction stir welding 

apparatus, an apparatus in which a welding apparatus main body having a friction stir 

welding tool and a rotary driving unit configured to rotatably drive the friction stir 

welding tool and a displacement driving unit configured to move the friction stir welding 

tool in an upward/downward direction is mounted on a self-propelled vehicle body 

including wheels and a wheel rotating unit configured to rotatably drive the wheels is 

proposed (for example, see Patent Document 2). 

[Related Art Document]  

[Patent Documents]  

[0005] 

[Patent Document 1] Japanese Patent Application, First publication No. 2004-195549 

[Patent Document 2] Japanese Patent Application, First publication No. 2005-186084 

[Summary of the Invention] 

[Problems to be Solved by the Invention] 

[0006] 

However, in the friction stir welding apparatus disclosed in Patent Document 1 

having a structure configured to cantilever-support the welding apparatus main body, 

when the welding reaction force generated upon the friction stir welding is large, for 

example, when the welding reaction force exceeds about 1 ton upon welding of thick 

plates (for example, 18 mm or more in a aluminum material), such a large welding 

reaction force cannot be received, and the friction stir welding of the workpieces cannot 

performed normally. 	In addition, since the portal frame has a structure spanning the 

workpieces, the size (width dimension) of the workpieces that can be welded through 

friction stirring is limited by the size of the portal frame, and the apparatus should be 

increased in size when the workpiece size is large. 

be 

[0007] 

In addition, in the friction stir welding apparatus disclosed in Patent Document 

that is self-propelled using the wheels, when the welding reaction force generated upon 

the friction stir welding is large, a running direction is shaken by the welding reaction 
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force, and the friction stir welding of the workpieces cannot be performed normally. 	In 

addition, in Patent Document 2, while a structure in which a guide member extending 

along a welding line between the workpieces is installed at one side of the friction stir 

welding apparatus, a guide mechanism including a pair of rollers configured to sandwich 

the guide member and a fixing section configured to rotatably support the rollers is 

installed at the friction stir welding apparatus, and the friction stir welding apparatus is 

moved along the guide member is also proposed, the pair of rollers installed at the friction 

stir welding apparatus cannot receive the large welding reaction force generated upon the 

friction stir welding. 	Accordingly, even in this case, the friction stir welding of the 

workpieces cannot be performed normally. 

[0008] 

Here, the present invention provides a friction stir welding apparatus capable of 

performing friction stir welding of workpieces normally without increasing the size of the 

apparatus even when the size of the workpieces is large or even when a welding reaction 

force upon the friction stir welding is large. 

[Means for Solving the Problems] 

[0009] 

In order to solve the problems, a friction stir welding apparatus according to the 

present invention includes a welding apparatus main body including a framework having a 

length larger than that of a welding line along which workpieces are welded, a pair of 

workpiece fixing surface plates installed to form a gap extending along the welding line 

between the workpieces on an upper surface of the framework, a friction stir welding tool 

disposed under the gap and protruding upward from the gap, a spindle configured to attach 

the friction stir welding tool to an upper end section thereof, and a spindle rotary driving 

apparatus configured to rotate the spindle; a linear guide mechanism configured to 

movably support the welding apparatus main body along the gap; and a moving apparatus 

configured to move the welding apparatus main body along the gap. 

[0010] 

In addition, the linear guide mechanism may include a roller circulation type 



linear guide block installed at the welding apparatus main body, and a linear guide rail 

installed at the framework to correspond to the linear guide block and extending along the 

gap. 

[0011] 

In this case, the linear guide mechanism may include the plurality of linear guide 

rails installed in parallel at the framework. 	In addition, the linear guide mechanism may 

support the welding apparatus main body via the plurality of linear guide blocks per one 

linear guide rail. 

[0012] 

Further, the friction stir welding tool may be a bobbin tool, and a resilient body 

configured to support the friction stir welding tool may be installed between the friction 

stir welding tool and the spindle. 

[0013] 

Furthermore, a casing configured to form an oil cooling space may be installed at 

an outer circumferential side of the spindle of the welding apparatus main body, the 

spindle may be rotatably supported by the casing via a bearing, and lubricant may be 

circulated through the bearing and the oil cooling space. 

[0014] 

In addition, a cooling nozzle configured to vary an ejecting direction of a gas to 

cool the outer circumferential side of the friction stir welding tool may be installed at the 

welding apparatus main body. 

[Effects of the Invention] 

[0015] 

In the friction stir welding apparatus according to the present invention, a pair of 

workpiece fixing surface plates are installed on an upper surface of a framework having a 

length larger than that of a welding line, along which workpieces are welded, to form a 

gap extending along the welding line between the workpieces between the workpiece 

fixing surface plates. 	In addition, a welding apparatus main body includes a friction stir 

welding tool protruding upward from the gap, a spindle configured to attach the friction 
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stir welding tool to an upper end section thereof, and a spindle rotary driving apparatus 

configured to rotate the spindle and movably installed under the gap in the framework 

along the gap via the linear guide mechanisms, and further, a moving apparatus configured 

to move the welding apparatus main body along the gap is installed. 	According to the 

above-mentioned configuration, when a welding reaction force generated upon the friction 

stir welding is large, for example, even when a welding reaction force upon the friction 

stir welding or the like of thick plates (for example, 18 mm or more in the case of an 

aluminum material) exceeds 1 ton, the large welding reaction force can be sufficiently 

received. 	Accordingly, the friction stir welding of the workpieces can be performed 

normally. 	In addition, since the workpieces placed on the workpiece fixing surface plates 

on the framework are welded through friction stirring by the welding apparatus main body 

disposed under the gap formed between the workpiece fixing surface plates, even when a 

width of the workpieces is larger than that of the workpiece fixing surface plates, the 

friction stir welding of the workpieces can be perfonned. 

[Brief Description of the Drawings]  

[0016] 

FIG. 1 is a schematic plan view showing an embodiment of a friction stir welding 

apparatus of the present invention. 

FIG 2 is a schematic front view of F1G. 1. 

FIG. 3 is a schematic plan view showing an installation state at a base of a 

welding apparatus main body. 

FIG 4 is a schematic cross-sectional view taken along line A-A of FIG 3. 

FIG. 5 is a schematic cross-sectional view taken along line B-B of FIG. 4. 

FIG. 6 is an enlarged view of a portion X of FIG. 5. 

[Description of Embodiments] 

[0017] 

Hereinafter, embodiments of the present invention will be described with 

reference to the accompanying drawings. 

FIGS. 1 to 6 show an embodiment of the present invention. 	In a friction stir 
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welding apparatus, a framework 1 is configured by installing a pair of left and right frames 

lb and lb disposed in parallel in a longitudinal direction of a base plate lc on the base 

plate lc extending in a direction in which a friction stir welding tool 5 moves during 

friction stir welding (hereinafter referred to as a forward/rearward direction) at 

predetermined intervals, or a pair of workpiece fixing surface plates 3a and 3b having 

upper surfaces on which workpieces 2a and 2b are placed are installed at upper end 

surfaces of the frames lb and lb, respectively. 	Both upper surfaces of the workpiece 

fixing surface plates 3a and 3b are held horizontally and slit-shaped gaps 4 extending in 

the forward/rearward direction and having a predetermined interval are formed between 

the fixing surface plates 3a and 3b. 	Then, a space section la surrounded by the base 

plate lc, the left and right frames lb and the left and right workpiece fixing surface plates 

3a and 3b is formed under the gap 4. 

[0018] 

A welding apparatus main body 8 including the friction stir welding tool 5 having 

a bobbin shape, a spindle 6 having the friction stir welding tool 5 at an upper end section 

and extending in a vertical direction, and a spindle rotary driving apparatus 7 configured 

to rotate the friction stir welding tool 5 via the spindle 6, is accommodated in the space 

section la. 	In addition, linear guide blocks 26 installed at both of left and right side 

surfaces of the welding apparatus main body 8 are engaged with linear guide rails 27 

installed at both of left and right side sections (in a widthwise direction of the base plate 

lc) of the base plate lc, respectively. 	Then, the welding apparatus main body 8 is 

movable in a forward/rearward direction, which is a longitudinal direction of the base 

plate lc in a state in which the friction stir welding tool 5 protrudes upward from the gap 

4, by a linear guide mechanism 9 constituted by the linear guide blocks 26 and the linear 

guide rails 27. 

[0019] 

Further, a moving apparatus 10 is installed at the space section la. 	The moving 

apparatus 10 includes an endless winch 29 installed at an upper surface of one end side in 

the forward/rearward direction of the base plate lc, a sheave 30 installed under a drum 29a 
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of the endless winch 29, a sheave block 28 installed at an upper surface of the other end 

side in the forward/rearward direction of the base plate lc, and a wire rope 31, which is a 

strand-shaped member, wound on the drum 29a of the endless winch 29 and wound and 

taken by the sheave 30 and the sheave block 28. 	Then, both ends of the wire rope 31 are 

connected to both of front and rear end sections of the welding apparatus main body 8, the 

welding apparatus main body 8 is moved in the forward/rearward direction via the wire 

rope 31 by rotation of the endless winch 29, and thus the friction stir welding tool 5 moves 

along the slit-shaped gaps 4 between the workpiece fixing surface plates 3a and 3b. 

[0020] 

Specifically, the pair of left and right workpiece fixing surface plates 3a and 3b 

placed and attached to upper ends of the left and right frames lb constituting the 

framework 1 are formed in parallel such that a width of the gap 4 formed therebetween is 

constant in a widthwise direction perpendicular to the longitudinal direction of the base 

plate lc. 	In addition, an interval (the width of the gap 4) of the left and right workpiece 

fixing surface plates 3a and 3b is set such that the friction stir welding tool 5 inserted into 

the gap 4 from a lower side thereof can move in the gap 4 in the forward/rearward 

direction with no interference. 

[0021] 

The workpieces 2a and 2b to be welded are placed on the upper surfaces of the 

workpiece fixing surface plates 3a and 3b. 	In this case, both of the workpieces 2a and 2b 

are fixed onto the workpiece fixing surface plates 3a and 3b at positions on which the 

welding side end surfaces thereof approach each other over the gap 4. 

[0022] 

In addition, the welding apparatus main body 8 forms a prismatic case by fixing 

left and right sidewalls 8b and 8b on a rectangular bottom plate 8a extending in the 

longitudinal direction of the framework 1 with lower ends of the sidewalls 8b and 8b 

spaced a predetermined interval from each other and disposed on the bottom plate 8a in a 

vertically standing state, and further, by horizontally attaching a ceiling wall 8c having 

substantially the same length as the bottom plate 8a and a smaller width than the bottom 
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plate 8a to the inside of the upper end sections of the left and right sidewalls 8b and 8b. 

The welding apparatus main body 8 has a size that can be accommodated in the space 

section la. 	In addition, as shown in FIG 3, openings 8d and 8e having a predetermined 

size are formed at two front and rear places of the ceiling wall 8c. 

In this case, the spindle 6 extending in the upward/downward direction, a welding 

tool support mechanism 13 (see FIG 6) installed between an upper end of the spindle 6 

and a lower end of a shaft section 5b of a bobbin tool 5, a substantially cylindrical casing 

16 configured to form an oil cooling space 15 at an outer circumferential side of the 

spindle 6, bearings 23 and 24 configured to rotatably support an upper end section and a 

lower end section of the spindle 6 at the casing 16, a cooling nozzle 17 configured to eject 

a gas to cool an outer circumferential side of the bobbin tool 5, and the spindle rotary 

driving apparatus 7 such as an AC servo motor, or the like, are provided. 

In addition, a substantially cylindrical tool holder 12 is concentrically attached to 

an upper end of the spindle 6. 	The tool holder 12 concentrically accommodates the shaft 

section 5b of the bobbin tool 5 used as a friction stir welding tool and having a fixed 

shoulder interval, and transmits power to the bobbin tool 5 via a sliding key 11. 

Further, the lower end section of the spindle 6 and a downward output shaft 7a of 

the spindle rotary driving apparatus 7 protrude downward from an opening formed in the 

bottom plate 8a of the case. 	In addition, a spindle rotary driving mechanism 14 is 

installed under the bottom plate 8a of the case. 	The spindle rotary driving mechanism 14 

winds and hangs a V belt 22 between a V pulley 20 attached to the output shaft 7a of the 

spindle rotary driving apparatus 7 and a V pulley 21 attached to the lower end section of 

the spindle 6, and rotatably drives the spindle 6 by driving of the spindle rotary driving 

apparatus 7. 

Furthermore, the upper end sections of the spindle 6 and the casing 16 are fitted 

into an opening 8d of the ceiling wall 8c of the case from a lower side thereof, and the tool 

holder 12 and the friction stir welding tool 5 supported by the upper end section of the 

spindle 6 protrudes over the ceiling wall 8c via the opening 8d. 	In addition, the upper 

end section of the spindle rotary driving apparatus 7 is fitted into an opening 8e of the 
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ceiling wall 8c. 

According to the above-mentioned configuration, the welding apparatus main 

body 8 is movable in a longitudinal direction (a forward/rearward direction) of the gap 4 

via the roller circulation type linear guide mechanisms 9 installed at the upper end section 

and the lower end section of both of left and right sidewalls 8b, respectively. 	In addition, 

as a probe 5a of the bobbin tool 5 protruding from the gap 4 onto the workpiece fixing 

surface plates 3a and 3b is fixed to the workpiece fixing surface plates 3a and 3b and 

disposed between the workpieces 2a and 2b shown by a two-dot chain line in the drawing, 

the friction stir welding of the workpieces 2a and 2b can be performed. 

[0023] 

Here, a structure of a junction area of the bobbin tool 5 and the spindle 6 will be 

described in more detail. 

As shown in FIG 6, a predetermined length of a key groove 12a in 

communication with an upper end of the tool holder 12 is vertically foi 	rued in the inner 

circumferential surface of the tool holder 12. 	In addition, a key groove 5c having a 

length smaller than that of the key groove 12a of the tool holder 12 is vertically formed in 

the outer circumferential surface of the shaft section 5b disposed at a base end side (a 

lower side) of the bobbin tool 5, and the sliding key 11 is fixed into the key groove 5c. 

Then, as the shaft section 5b of the bobbin tool 5 is accommodated in the tool holder 12 

such that the sliding key 11 is fitted into the key groove 12a, a rotational force of the 

spindle 6 upon the friction stir welding of the workpieces 2a and 2b can be transmitted to 

the bobbin tool 5 via the tool holder 12 and the sliding key 11. 	In addition, since the 

sliding key 11 has a length shorter than that of the key groove 12a, the bobbin tool 5 can 

vertically slide along the inside of the tool holder 12. 

Further, a spring support post fixing hole 6a extending downward to a 

predetermined depth is formed in a central portion of the upper end of the spindle 6. 	An 

upwardly extending columnar spring support post 18 is fixed to a bottom portion of the 

fixing hole 6a to be concentric to the fixing hole. 6a. 	The upper end of the spring support 

post 18 protrudes upward from the upper end of the fixing hole 6a, and the spring 19 
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serving as a resilient body configured to support the bobbin tool 5 is concentrically 

installed around the spring support post 18. 	In addition, a spring support post insertion 

hole 5d into which the upper end section of the spring support post 18 is inserted is formed 

in a central portion of the lower end surface of the shaft section 5b of the bobbin tool 5. 

The upper end section of the spring support post 18 is inserted into the insertion hole 5d 

and the lower end surface of the shaft section 5b of the bobbin tool 5 abuts an upper end of 

a spring 19, and as a result, a gap in the upward/downward direction is formed between 

the upper end of the spindle 6 and the lower end of the shaft section 5b of the bobbin tool 

5. 	Then, according to the above-mentioned configuration, the bobbin tool 5 is 

constituted by the welding tool support mechanism 13 configured to absorb its own weight 

by the spring 19 and support the weight from the lower side thereof. 	Even when the 

workpieces 2a and 2b are deformed in the upward/downward direction (a plate thickness 

direction) by the welding tool support mechanism 13, according to the deformation, the 

bobbin tool 5 can be smoothly raised and lowered as the friction stir welding tool from 

under the workpieces 2a and 2b upon the friction stir welding. 

[0024] 

In addition, as shown in FIGS. 3 and 5, a lubricant inlet port 16a into which 

lubricant flows is formed in the upper end section of the casing 16, and a lubricant 

discharge port 16b through which the lubricant is discharged is formed in the lower end 

section of the casing 16. 	Further, a space in which a bearing 23 such as a conic roller 

bearing and a separate kind of bearing 24 are installed is formed as the oil cooling space 

15 between the inside of the casing 16 and the spindle 6. 	Then, the lubricant in a 

lubricant tank 25 installed on the base plate lc is pumped by a lubricant circulating 

apparatus such as an oil pump (not shown), the lubricant flows in a sequence of the 

bearing 23 of the upper end section of the spindle 6, the oil cooling space 15 of the outer 

circumferential side of the spindle 6, and the bearing 24 of the lower end section of the 

spindle 6 from the lubricant inlet port 16a installed at the upper end section of the casing 

16, and thus lubrication of the bearings 23 and 24 and cooling of the spindle 6 are.  

performed. 	The lubricant returns to the lubricant tank 25 via the lubricant discharge port 
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16b installed at the lower end section of the casing 16 to be used for the lubrication and 

cooling again. 	In addition, as shown in. FIGS. 3 and 4, the plurality of cooling nozzles 17 

configured to cool the bobbin tool 5 are installed at an upper portion of the welding 

apparatus main body 8 (in the drawing, a total of three cooling nozzles 17 are installed in 

front and rear of the tool holder 12). 	The cooling nozzles 17 include a predetermined 

length of a bellows section 17a having a base end section, to which a gas supply source 

(not shown) is connected, and a gas ejection section 17b installed at a tip side of the 

bellows section 17a, eject a gas, for example, air, from the gas supply source, and cool the 

bobbin tool 5, in a state in which the gas ejection section 17b is directed to an arbitrary 

position of the outer circumferential side of the bobbin tool 5, i.e., the outer 

circumferential side of the tool holder 12 as the bellows section 17a is curved. 

[0025] 

As shown in FIGS. 3 and 5, the linear guide mechanisms 9 are installed at the 

upper end section and the lower end section between both side sections of the welding 
. 	. 

apparatus main body 8 and the left and right frames lb of the framework 1, respectively, 

and movably support the welding apparatus main body 8 in the forward/rearward 

direction. 	The linear guide mechanisms 9 include roller circulation type linear guide 

blocks 26 installed at side sections of the welding apparatus main body 8, and linear guide 

rails 27 having high stiffness installed in front and rear of the frame lb throughout the 

entire length in the longitudinal direction at positions corresponding to the linear guide 

blocks 26 of the frames lb of the framework 1. 	In the case of the embodiment, a total of 

eight linear guide blocks 26 having a cross-sectional shape as shown in the drawing are 

installed at the front end sides and the rear end sides in the upper end sections and the 

lower end sections of both of the side sections of the welding apparatus main body 8. 	In 

addition, a total of four linear guide rails 27 having a cross-sectional shape as shown in the 

drawing are installed in pairs on each side at positions corresponding to the linear guide 

blocks 26 of the upper end sections and the lower end sections of the frames lb of the 

framework 1. 	Further, two linear guide blocks 26 are disposed in front and rear of each 

of the linear guide rails 27. 
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As shown in FIG 5, substantially V-shaped grooves 27a are formed in an upper 

surface and a lower surface of the linear guide rail 27. 	In addition, a projection 26a fitted 

into a groove 27a is formed at the linear guide block 26, columnar members (not shown) 

are rotatably installed as a plurality of rolling elements abutting substantially V-shaped 

inclined surfaces of the groove 27a at inclined surfaces of the projection 26a of the linear 

guide block 26 around a shaft perpendicular to a moving direction of the welding 

apparatus main body 8 (an extending direction of the linear guide rail 27). 

As the linear guide block 26 having the above-mentioned configuration is 

provided, the large welding reaction force generated in a widthwise direction of a 

framework 1 upon the friction stir welding can be received by the framework 1 via the 

linear guide blocks 26 of both sides of the welding apparatus main body 8. 

[0026] 

The moving apparatus 10 horizontally moves the spindle 6 by moving the 

welding apparatus main body 8 along the linear guide rail 27 in the framework 1. 	As 

described above, the moving apparatus 10 includes the endless winch 29 driven by the 

driving apparatus such as the AC servo motor installed on the upper surface of the one end 

side in the longitudinal direction of the base plate lc of the framework 1, the sheave block 

28 having sheaves 28a vertically disposed in two stages and installed on the upper surface 

of the other end side in the longitudinal direction of the base plate 1 c, the sheave 30 

installed under the drum 29a of the endless winch 29, and the wire rope 31 wound on the 

drum 29a of the endless winch 29. 

As shown in FIGS. 3 and 4, one end of the wire rope 31 wound on the drum 29a 

of the endless winch 29 is connected to an eye plate 8f, which is a connecting tool that is 

vertically rotatably attached to the upper surface of the ceiling wall 8c of the one end side 

in the moving direction of the welding apparatus main body 8. 	In addition, as shown in 

FIG. 2, the other end of the wire rope 31 wound on the drum 29a of the endless winch 29 

is hung by the sheave 30 in a sequence from the sheave 28a of the lower side of the sheave 

block 28 to the sheave 28a of the upper side, and further, as shown in FIGS. 3 and 4, 

connected to an eye plate 8g, which is a connecting tool that is vertically rotatively 
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attached to the upper surface of the ceiling wall 8c of the other end side in the moving 

direction of the welding apparatus main body 8. 	Accordingly, the wire rope 31 is wound 

and hung between the sheave block 28 and the endless winch 29 in an endless manner. 

In FIG 2, when the drum 29a of the endless winch 29 is rotated in one direction 

to move the wire rope 31 counterclockwise, the spindle 6 of the welding apparatus main 

body 8 moves toward the endless winch 29 in FIG 1. 	On the other hand, when the drum 

29a of the endless winch 29 is rotated in a reverse direction of the above-mentioned 

direction and moves the wire clockwise in FIG 2, the spindle 6 of the welding apparatus 

main body 8 moves toward the sheave block 28 in FIG. 1. 	Then, the probe 5a of the 

bobbin tool 5 is disposed between the workpieces 2a and 2b fixed to the workpiece fixing 

surface plates 3a and 3b, and in this state, the spindle 6 is rotated by driving of the spindle 

rotary driving apparatus 7 to rotate the bobbin tool 5, which is a friction stir welding tool, 

and thus junctions of the workpieces 2a and 2b can be welded through friction stirring 

from a lower side thereof. 

[0027] 

In addition, in the drawing, reference numeral 32 designates a welding apparatus 

main body overrun prevention damper installed at both end sections of a moving path of 

the welding apparatus main body 8, and reference numeral 33 designates an extraction 

prevention cover for the bobbin tool 5, which is attached to the upper end section of the 

tool holder 12. 

[0028] 

For example, when the friction stir welding of a thick plate (18 mm or more)  

formed of an aluminum material is performed using the friction stir welding apparatus of 

the present invention having the above-mentioned configuration, first, as shown in FIGS. 

1 and 2, the welding apparatus main body 8 is on standby in a state moved to the end 

section of the sheave block 28 side, which is one end in the longitudinal direction in the 

framework 1. 	Next, the workpieces 2a and 2b are placed on the left and right workpiece 

fixing surface plates 3a and 3b of the framework 1, respectively, and welding lines of the 

workpieces 2a and 2b are matched to a center of the gap 4 using a positioning jig (not 
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shown). 	When the welding lines of the workpieces 2a and 2b placed on the upper 

surfaces of the workpiece fixing surface plates 3a and 3b are matched to the center of the 

gap 4, the workpieces 2a and 2b are fixed to the workpiece fixing surface plates 3a and 3b 

by a workpiece fixing jig (not shown). 	After that, a scattering prevention jig such as a 

channel steel (not shown) having a length throughout the entire length of the workpieces 

2a and 2b is installed on the workpieces 2a and 2b to cover the welding line, preventing 

scattering due to damage to the bobbin tool 5. 	Here, when the workpieces 2a and 2b are 

larger and largely protrude in a widthwise direction from the upper surfaces of the 

workpiece fixing surface plates 3a and 3b of the framework 1, workpiece supports (not 

shown) configured to support the workpieces 2a and 2b are installed at both sides in the 

widthwise direction of the framework 1, and the portions of the workpieces 2a and 2b 

protruding from the framework 1 are supported by the workpiece supports and fixed by a 

workpiece fixing jig (not shown).  

As described above, when the workpieces 2a and 2b are fixed onto the workpiece 

fixing surface plates 3a and 3b, next, the endless winch 29 constituting the moving 

apparatus 10 is driven to pull the welding apparatus main body 8 via the wire rope 31, and 

the bobbin tool 5 is moved toward the endless winch 29 more than the position shown in 

FIG. 1 together with the spindle 6. 	In this case, after moving the spindle 6 just before a 

welding start position of the workpieces 2a and 2b, the spindle 6 is slowly moved until the 

probe 5a of the bobbin tool 5 protruding upward from between the gaps 4 is hung by 

(abuts) the end surfaces of the workpieces 2a and 2b, and the spindle 6 is rotated by the 

spindle rotary driving apparatus 7 in a step in which the probe 5a of the bobbin tool 5 is 

hung by the end surfaces of the workpieces 2a and 2b. 	In addition, in connection with 

rotation of the spindle 6, circulation of the lubricant to the bearings 23 and 24 and the oil 

cooling space 15 of the outer circumferential side of the spindle 6 by the lubricant 

circulating apparatus (not shown) and ejection of the gas, for example, air, from the 

cooling nozzle 17 are started. 	Here, a notch may be formed at one end of a welding side 

of the workpieces 2a and 2b (an end of the sheave block 28 side), which becomes the 

welding start position of the workpieces 2a and 2b, such that the probe 5a of the bobbin 
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tool 5 is easily hung by the workpieces 2a and 2b. 

Next, after a predetermined time elapses from the rotation of the spindle 6 by the 

spindle rotary driving apparatus 7, the movement is resumed that the welding apparatus 

main body 8 is pulled toward the endless winch 29 via the wire rope 31 through driving of 

the endless winch 29, and the friction stir welding of the workpieces 2a and 2b is 

performed from one end of the welding line between the workpieces 2a and 2b to the other 

end of the workpiece welding line (an end of the endless winch 29 side), which becomes a 

welding termination position. 

[0029] 

Next, it is determined that the welding of the workpieces 2a and 2b to the welding 

termination position is completed, and movement of the spindle 6 of the welding 

apparatus main body 8 is stopped. 	Next, after it is determined that the rotation of the 

spindle 6 is stopped and a temperature around the workpieces 2a and 2b is lowered, the 

fixing is released by the workpiece fixing jig (not shown) of the workpieces 2a and 2b, 

collection of the welded workpieces 2a and 2b is performed, and the friction stir welding 

is terminated. 

[0030] 

As described above, in the friction stir welding apparatus of the present invention, 

the workpiece fixing surface plates 3a and 3b, the two of which form one set, configured 

to place the workpieces 2a and 2b, which are targets for the friction stir welding, on the 

framework 1 having a hollow structure, are installed such that the gaps 4 extending along 

the welding line between the workpieces 2a and 2b are formed between the workpiece 

fixing surface plates 3a and 3b. 	in addition, the welding apparatus main body 8 

including the bobbin tool 5 serving as the friction stir welding tool configured to protrude 

the probe 5a upward from the gap 4, the spindle 6 configured to attach the bobbin tool 5 to 

the upper end section, and the spindle rotary driving apparatus 7 configured to pivot the 

spindle 6 is movably attached to the space section la under the gaps 4 in the longitudinal 

direction of the gaps 4 via the roller circulation type linear guide mechanism 9 installed at 

the upper end section and the lower end section of both of left and right sides of the 
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welding apparatus main body 8. 	For this reason, when the welding reaction force 

generated upon the friction stir welding is large, for example, even when the welding 

reaction force exceeds 1 ton upon the friction stir welding of thin plates (for example, 

formed of an aluminum material of less than 18 mm) or the friction stir welding of thick 

plates (for example, formed of an aluminum material of 18 mm or more) at a high speed, 

the large welding reaction force can be substantially received. 	Accordingly, the friction 

stir welding of the workpieces 2a and 2b can be performed normally. 

In addition, since the workpieces 2a and 2b placed on the workpiece fixing 

surface plates 3a and 3b on the framework 1 are welded through the friction stirring by 

rotating the bobbin tool 5 protruding upward from the lower side via the gap 4 formed 

between the workpiece fixing surface plates 3a and 3b, even when the width of the 

workpieces 2a and 2b is larger than that of the workpiece fixing surface plates 3a and 3b, 

the friction stir welding of the workpieces 2a and 2b can be performed. 	Here, since there 

is no need for the large friction stirring apparatus corresponding to the size (the width) of 

the workpieces 2a and 2b, reduction in size of the friction stirring apparatus can be 

attained. 

[0031] 

Further, since the spring 19, which is a resilient body, is installed between the 

lower end of the bobbin tool 5, which is a friction stir welding tool, and the upper end of 

the spindle 6, in a state in which the weight of the bobbin tool 5 is supported by the spring 

19, vertical movement of the bobbin tool 5 becomes possible. 	For this reason, even 

when the workpieces 2a and 2b are deformed in the upward/downward direction (the plate 

thickness direction), the bobbin tool 5 can be smoothly raised and lowered according to 

the deformation. 

[0032] 

Furthermore, since the casing 16 configured to form the oil cooling space 15 at 

the outer circumferential side of the spindle 6 is foiined at the welding apparatus main 

body 8 via the bearings 23 and 24 so that the lubricant is circulated in the bearings 23. and  

24 and the oil cooling space 15, the lubrication of the bearings 23 and 24 and cooling of 
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the spindle 6 can be performed by the lubricant. 

[0033] 

In addition, since the cooling nozzle 17 including the bellows section 17a having 

the base end section to which a gas supply source (not shown) is connected and the gas 

ejection section 17b formed at the tip side of the bellows section 17a and configured to 

vary an ejecting direction of a gas for cooling the outer circumferential side of the bobbin 

tool 5 is installed at the welding apparatus main body 8, in a state in which the gas ejection 

section 17b is directed to the outer circumferential side of the bobbin tool 5, i.e., an 

arbitrary position of the outer circumferential side of the tool holder 12, the gas, for 

example, air, from the gas supply source can be ejected to effectively cool the bobbin tool 

5. 

[0034] 

Further, since the bobbin tool 5 is used as the friction stir welding tool, 

installation of a displacement driving unit configured to vertically move the friction stir 

welding tool to add a pressing force to the workpieces 2a and 2b can be omitted. 

Accordingly, the friction stir welding apparatus can be simplified in structure and reduced 

in size. 

[0035] 

Furthermore, as described above, since the moving apparatus 10 includes the 

endless winch 29 configured to drive the driving apparatus such as the AC servo motor 

and the wire rope 31, which is a strand-shaped member, wound on the drum 29a of the 

endless winch and connecting both ends thereof to both end sections in the moving 

direction of the welding apparatus main body 8, long-distance conveyance (for example, 

conveyance of 10 m or more) of the welding apparatus main body 8 can be performed. 

Accordingly, even when the length of the workpieces 2a and 2b is, for example, 10 m or 

more, the friction stir welding can be performed. 	In addition, since the endless winch 29 

is used as the drive unit configured to move the welding apparatus main body 8, in 

comparison with the case in, which the welding apparatus main body 8 is moved using a 

rack and pinion mechanism, there is no necessity of installation of the rack, and the 
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endless winch is advantageous in maintenance. 	Further, when the endless winch 29 is 

used, in comparison with the case in which the welding apparatus main body 8 is moved 

using a lead screw driving or the rack and pinion mechanism, the endless winch is 

advantageous even in cost. 

[0036] 

In addition, in the embodiment, while the case in which the linear guide 

mechanism 9 is set to the roller circulation type has been described, another type of linear 

guide mechanism may be provided as long as a large reaction force generated upon the 

friction stir welding of the thick plates can be received. 	Further, in the embodiment, 

while a total of eight linear guide blocks 26 are installed at the front end side and the rear 

end side in the upper end section and the lower end section of the both side portions of the 

welding apparatus main body 8 and a total of four linear guide rails 27 are installed at 

positions corresponding to the linear guide blocks 26 of the upper end section and the 

lower end section of the frame lb of the framework 1 in pairs on each side, the installation 

positions and number of the linear guide blocks 26 and the number of the linear guide rails 

27 with respect to the welding apparatus main body 8 are not particularly limited as long 

as the above-mentioned large reaction force can be received. 	Further, in the embodiment, 

while two linear guide blocks 26 are disposed at each of the linear guide rails 27 back and 

forth, the number of linear guide blocks 26 disposed at one linear guide rail 27 is not 

particularly limited either as long as the above-mentioned large reaction force can be 

received. 

However, in the structure of the embodiment, in order to obtain an effect, which 

is an aspect of the present invention capable of receiving a large reaction force, the linear 

guide mechanism 9 may include the plurality of linear guide rails 27 installed in parallel at 

the framework 1, and support the welding apparatus main body 8 via the plurality of linear 

guide blocks 26 per one linear guide rail 27. 

[0037] 

In addition, in the embodiment, while the case in which the AC servo motor is 

applied to the spindle rotary driving apparatus 7 has been described, an inverter motor 
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may be applied as long as conditions such as a revolution number, torque characteristics, 

or the like, are satisfied, and rotational transmission from the spindle rotary driving 

apparatus 7 to the spindle 6 may be rotational transmission by gears or chains, instead of 

the V pulleys. 

[0038] 

Further, when the endless winch 29 is applied to the moving apparatus 10 

configured to move the welding apparatus main body 8, while the above-mentioned 

advantage is provided, the present invention is not limited to the case of using the endless 

winch 29 but includes movement by the chain driving or lead screw driving, and 

movement by the rack and pinion mechanism, as long as the welding apparatus main body 

8 can be moved in the longitudinal direction of the gap 4. 	Otherwise, a chain may be 

installed and fixed back and forth instead of the rack, and the pinion to which the welding 

apparatus main body 8 is connected is fitted into the chain to move the welding apparatus 

main body 8 by rotation of the pinion. 

[0039] 

Furthermore, in the embodiment, while the case in which the bobbin tool 5 is 

applied to the friction stir welding tool has been described, the present invention is not 

limited thereto but, like the conventional friction stir welding apparatus, a mechanism 

configured to firmly press the friction stir welding tool against the workpieces 2a and 2b 

may be provided, and a friction stir welding tool having only one shoulder may be 

attached to the upper end section of the spindle 6. 	In addition, in the embodiment, while 

the case in which the spring 19 configured to absorb the weight of the friction stir welding 

tool 5 is provided is described, when the weight of the tool is not large, the spring 19 

configured to absorb the weight of the tool may be omitted. 	Further, of course, various 

modifications can be made without departing the scope of the present invention. 

[Industrial Applicability] 

[0040] 

According to the friction stir welding apparatus of the present invention, friction 

stir welding can be performed even when the size of the workpieces and the welding 



20 

reaction force are large. 

[Description of Reference Numerals] 

[0041] 

1 	framework, 2a, 2b 	workpiece, 3a, 3b 	workpiece fixing surface plate, 4 	gap, 5 

bobbin tool (friction stir welding tool), 6 	spindle, 7 spindle rotary driving apparatus, 8 

welding apparatus main body, 9 linear guide mechanism, 10 	moving apparatus, 15 

oil cooling space, 16 	casing, 17 cooling nozzle, 19 spring (resilient body), 23, 24 

bearing, 26 	linear guide block, 27 	linear guide rail, 29 	endless winch, 31 	wire rope 

(strand-shaped member) 
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[Claims] 

[Claim 1] 

A friction stir welding apparatus comprising: 

a welding apparatus main body comprising a framework having a length larger 

5 	than that of a welding line along which workpieces are welded, 

a pair of workpiece fixing surface plates installed to form a gap extending along 

the welding line between the workpieces on an upper surface of the framework, 

a friction stir welding tool disposed under the gap and protruding upward from 

10 

the gap, 

a spindle configured to attach the friction stir welding tool to an upper end 

section thereof, and 

a spindle rotary driving apparatus configured to pivot the spindle; 

a linear guide mechanism configured to movably support the welding apparatus 

main body along the gap; and 

15 a moving apparatus configured to move the welding apparatus main body along 

the gap, 

wherein the friction stir welding tool is a bobbin tool, and a resilient body 

configured to support the friction stir welding tool is installed between the friction stir 

welding tool and the spindle. 

20 	[Claim 2] 

The friction stir welding apparatus according to Claim 1, wherein the linear 

guide mechanism comprises a roller circulation type linear guide block installed at the 

welding apparatus main body, and a linear guide rail installed at the framework to 

correspond to the linear guide block and extending along the gap. 
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[Claim 3] 

The friction stir welding apparatus according to Claim 2, wherein the linear 

guide mechanism comprises the plurality of linear guide rails installed in parallel at the 

framework. 

5 [Claim 4] 

The friction stir welding apparatus according to Claim 2 or 3, wherein the linear 

guide mechanism supports the welding apparatus main body via the plurality of linear 

guide blocks per one linear guide rail. 

[Claim 5] 

10 The friction stir welding apparatus according to any one of Claims 1 to 4, 

wherein a casing configured to form an oil cooling space is installed at an outer 

circumferential side of the spindle of the welding apparatus main body, the spindle is 

rotatably supported by the casing via a bearing, and lubricant is circulated through the 

bearing and the oil cooling space. 

15 [Claim 6] 

The friction stir welding apparatus according to any one of Claims 1 to 5, 

wherein a cooling nozzle configured to vary an ejecting direction of a gas to cool the 

outer circumferential side of the friction stir welding tool is installed at the welding 

apparatus main body. 

20 [Claim 7] 

The friction stir welding apparatus according to any one of Claims 1 to 6, 

wherein the moving apparatus comprises an endless winch, and a strand-shaped member 

wound on the endless winch and connecting both ends thereof to both end sections in a 
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moving 

body is 

direction 

moved by 

of the welding 

driving of the 

apparatus main 

endless winch. 

body, and the welding apparatus main 


