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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 (for example, see Patent Document 1).

[0004]
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I'n addi {R@Aed 25t PBAIRG] exanpl e of the conventional friction stir welding
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[Summary of the Invention]
[Problems to be Solved by the Invention]
[0006]
However, in the friction stir welding apparatus di.sclosed 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 be
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.
[0007]
In addition, in the friction stir welding apparatus disclosed in Patent Document 2
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



[ 0005] [Patent Docunent 1] Japanese Patent Application, First publication
No. 2004- 195549 [ Patent Docunent 2] Japanese Patent Application, First
publication No. 2005-186084 [Summary &f the Invention] [Problenms to be

Sol ved by the Invention] [0006] However, in the friction stir

wel di ng apparatus disclosed in Patent Docunent | having a structure
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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 rolier circulation type



-force, and the friction stir welding of the workpieces cannot be perforned
normally. In addition, in Patent Docunent 2, while a structure in which a
gui de nenber extending along a welding |ine between the workpieces is
instal]ed at one side of the friction stir wel ding apparatus, a guide
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menber  gRchraufdetl ok iRQENdPR tRONEIdHE HPatafisTRAIA LY, ¥ind dRiRedrguidtaafiol | ers is
installed at” the friction stir welding apparatus, and the friction stir
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a wel di s main body including a franework having a | ength |arger
t han thggag%ﬁgkagﬂding | i ne al ong whi ch workpi eces are wel ded, a pair of
wor kpi eggoibixi ng surface plates installed to forma gap extending along the
wel ding |ine between the workpi eces on an upper surface of the franework, a
friction stirFushaljthg ftictain stir sygbiiegitoohohay bt adolbin tavldapt otesiligntrpdypwar d
fromthe gap, a spindle configured to attach the friction stir welding tool
to an uppefigureditossuppord thetfhietierostir vealding tandimayibe insaliadybetiveani the frigsiear at us
configured to . rotate the spindle; a |linear guide nechani smconfigured to
movabl y SSLWpEine tepleanddhesmivdlgppar at us mai n body al ong the gap; and a moving
apparatTﬁn§3nfigured to nmove the wel di ng apparatus nmain body al ong the gap.
[ 0010] | dition, the |inear guide nechanismmy include a roller

circulation t ¥B§hen4hore, 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 spindie configured to attach the friction



‘i near guide block installed at the wel di ng apparatus nmain body, and a
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installed in parallel at the framework. In addition, the |linear guide
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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 performed.
[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 FIG. 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] |
Hereina_fter, 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



[ 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 hafing a length larger than that of a
wel ding Iine, along which workpieces are wel ded, to forma gap extendi ng
al ong the wel ding Iine between the workpi eces between the workpi ece fixing
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pl an vi ew showi.ng an_enbodi nent of a friction stir welding apparatus of the
present @PdaPiioiermed endes thesgap 4chematic front view of FIG 1.

[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 1a. 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
1¢) of the base plate Ic, respectively. Then, the welding apparatus main body 8 is
movable in a forward/rearward direction, which is a longitudinal direction of the base
plate 1c 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 1a. 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 1c, a sheave 30 installed under a drum 29a



'FIG3 is a schematic plan view showing an installation state at a base of a
wel di ng apparatus main body. FIG 4 is a schematic cross-sectional view
taken along line A-A of FIG3. FIG 57 s 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 Enbodi nents] [0017] Her ei nafter,
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the acconpanying drawings. FIGS. 1 to 6 show an enbodi ment of the present
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| b and fo@2djeft and right workpiece fixing surface plates 3a and 3b is
formed under the gap 4. [0018]

Specifically, the pair of left and right workpiece fixing surface piates 3a and 3b
placed and attached to upper ends of the left and right frames 1b 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 1c. 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



‘A wel di ng apparatus main body 8 including the friction stir welding tool 5
havi ng a bobbin shape, a spindle 6 having the friction stir welding tool 5
at an upper end section and extending8in a vertical direction, and a
spindle rotary driving apparatus 7 configured to rotate the friction stir
wel ding tool 5 via the spindle 6, is accommpdated in the space section |a.
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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 rotéry 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



‘The wor kpi eces 2a and 2b to be wel ded are placed on the upper surfaces of
the workpiece fixing surface plates 3a and 3b. In this case, both of the
wor kpi eces 2a and 2b are fixed onto tHe workpiece fixing surface plates 3a
and 3b at positions on which the wel ding side end surfaces thereof approach
each other over the gap 4. [0022] In addition, the welding apparatus
mai n bogyifs Wan®e. a prismatic case by fixing left and right sidewalls 8b
and 8b on a rectangul ar bottom plate 8a extending in the |ongitudinal
direction of Abeorfiingterrdbole-nentiohaenfigndsionftht veldnglappatdtss Bhinand 8b
spaced a predeterm ned interval fromeach other and di sposed on the bottom
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attaching a ceiling wall 8c having substantially the same |ength as the
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of the spindle 6, bearings 23 and 24 configured to rotatably support an
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16, a cooling nozzle 17 configured to eject a 9as_to cool . an outer

ci rcunf er ent i &leres agtruettiret¢fe jpagsisinareane thebobhie taoch s ang ithepindied 3l beir i vi ng
apparatus 7_such as an AC servo notor, or the |like, are provided. I n
addi t i oescaibed HEmarR 4eidily cylindrical tool holder 12 is concentrically

hed . f th i ndl 6,. T [ h 12
gz)tnggnteri E:glﬁ SEB@%ME&E sa%’Wgegﬁlﬁ'fq]ted cngth ttr]f‘lelg%o%r?o‘feﬁieﬂle)lébbi n tool 5 used
poealyE D I . o ) bl n > ond
er ansm CMsRiibh Wi BRe! R orIREGTNIBG: B s yEffcaty B8 Tn IRURRAT, - BOT

the 'Owgc&ﬂ%raﬁ&i glgmcefofhﬁqoémomﬂmﬁ ansh RS0 WReREREEPYAviERal t 7a of

the spindle rotary driving apparatus 7 protrude downward from an openi ng

formed ilgngth smBiR:r iR thhifehSikeyadrob el 2uasfehe 1ol Reldert i208 veicalpy fugiined irot ary
driving nechanism 14 is installed under the bottom plate 8a of the case.

The spi nhk euteotisouynferential sgriacecdfang shaftiséctiomBtsdispaiet angbasa end bide(a 22 bet ween
a V pulley 20 attached to the output shaft 7a of the spindle rotary driving
appar at Uswar sida) of the hobbinetpol2, and thecthidingtkeytlids fisokintet ke £1a0¥A 56f t he

T oA P LSS S il Sl 10
th indle 6 and.th s 6, . fitted i ' 8d.of th

cer 11 ng Ve 1n8sBeonE s TL & suelifle e bt E8ou fndtaBRER KeF R0l ot ger
12 and the fricti v wel di _ '
T L e e S T S S

addi ti 0e bybiRRPS VeIt 16 hbRier 7 alditheSRUME ey 10! Afvaddition] Socear at us 7
is fitted rnto an opening 8e of 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



‘9 ceiling wall 8c. According to the above-nenti oned configuration
the wel di ng apparatus nmain body 8 is novable in a longitudinal direction (a
forward/rearward direction) of the gal 4 via the roller circulation type

| i near gui de nechanisns 9 installed at the upper end section and the | ower
end section of both of left and right sidewalls 8b, respectively. In

addi ti 0§eryiﬁga@aﬁé@ﬁ@ltﬁadptzoﬂﬂg%rémb@h@)dmb bobbih @b61Ucks REndehRitalifie gap 4 onto
t he workpi ece fixing surface plates 3a and 3b is fixed to the workpiece

fixing #istdilad arquhatiesspdiaganshodbp@nds.di Bp@daibnbe spvirgrsuppert post kiestioms 2a and
2b shown by a two-dot chain line in the drawng, the friction stir welding
of the holeldiinioeshigh thenypaendasection gfehé sprmgcdupp@0padt 18 is insertadas égrmed

structure of a junction area of the bobbin tool 5 and the spindle 6 will be
descri béya fentighpertigaphhe lower end supfgcepfiip shaft sectipms S af the dabbiateglved | engt h

f Kk 2a i ' ' . d of th |, hol de

T e T by
12, .1 |t Sc, hayi I h | ] h

0o 500y B AP R4G DE  B,

outer cir, i f f | i a base
ond si a2 spitfs B9 SR8k ol £66 Bind B aaMlourzid biRdkioR iflrhed Beludtn 7, D32
fixed i peQuppBeeddedf tHé gﬁij{cﬁe BGnd tieldwenend HEths Bidft sceB6A 519 6f Be bebbiheoibobbi n
tool 5 is accommodated in the tool holder 12 such that the sliding key 11

is fitted iThem abkwrdingto deabvee-hidatiomed @higinateh, thobsbiwfool Bés spi ndl e 6 upon
the friction stir welding of the workpieces 2a and 2b can be transmtted to
t he bobbomstiwged bptheiveelding toa slipgoot mechabZmahiicenfigusddi tdiahsprk éy own wdight
addition, since the sliding key 11 has a_length shorter than that of the
key gr obyéheispaingtlfand supnont the sicight &am (e lewarsidethereple Exvenadienmlee i nsi de of
the tool hol. der

ext endi NGTGRGHRGAAN 3 e AeGREiedr O BEYAR EORGL 166807 (o BIESHEKER port i on
o one, UBBSTonT B v 15 B b P TS et O IR G T 1S
ot Sk o PR r OO B AP ST PO Pt
spring %Zfdertfe 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 fubricant is discharged is formed in the lower end

section of the casing 16. Fuﬁher, 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 235 installed on the base plate 1c 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 Iubricant tank 25 via the lubricant discharge port



'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 5dllinto which the upper end section of
the spring support post 18 is inserted is fornmed in a central portion of
the | ower end surface of the shaft section 5b of the bobbin tool 5. The
upper engb Rk at BE 16WE BB sbADnOIAROEASinBABtto b8 ubéd foP BRIMuKGCatiBA and he
insertion hole 5d and the | ower end surface of the shaft section 5b of the
bobbi n teslingtagahut $n additipmes skown of FI&Ss Brandd, the pluralityas caolirgsndzizles d7gap in
t he upward/ downward direction is forned between the upper end of the

spi ndl ecénfiguied toecobbtive bobbid todl Stdre irstadied as@cuppenp&iionfof theevdidingi n t ool 5.
Then, 'according to the above-nentioned configuration, the bobbin tool 5 is
constit apmnatbymamebqﬂyl%Nnmg\etcb@wmgu@mltof threneonlivgnozzleht arguassdlieddn absor b

Ltzré’g”f PR P R R hgPeEas De ﬁﬁ’fﬁ Ogoailgsehﬁs b & e 'Oz'er ° del
b pport e atohS SRR 7R R G e SRS Rorted SR "%art-)ea SRl ol B%can
be SWDOWtXhS\% ?goﬂg:gfgomrae s iec# Bﬁsécrtloﬁtlhgﬂtsﬁlfe 9 Pg (S); from under

t he wor pleces roctron stir V\B I n

addi ti oBei@gs &LAYWD174) eﬁb@gaﬁf&@aﬁpleaalt lf'r’Udl fit'tas 'sﬁﬂ;ﬂ? scﬂﬁéé ar@@odlth® Whi ch
lubricant flows is foérned rn the upper end section of the casing 16, and a

| ubri cambbsth 3613 Bea Aatetin MBkchtthe 8ax0djestidh GBetidhel 7Tbubdirecdd toiad adbigaRar ged i s
formed in the | ower end section of the casing 16. Further, a space in which
a bear i pgsifi@n efithk oater aircnfecential $ide ofthabobiygn &owd Sai.sethaoatee ki nd of beari ng
24 are installed is forned as the oil cooling space 15 between the inside
of the cusim@rengiabside ofide soolhalder 62 astherpellowesactipn il éalstcurveda | ubricant tank
25 installed on the base plate Ic is punped by a |ubricant circul ating
appar at {0%ch as an oil punp (not shown), the lubricant flows in a

ol cool 1 ng ts%aéﬁea” Bt ha Yogoe e PRE a0 whArl e SRR LB Core o,
and ¢ he \BRAh%eibndhaiieob@Ea SRloTBELLANNAR JASCARRYE S, digE | e

| ubri can fet port a rns e End- Seeti on casi ng

16, and EM%L H%w@‘fﬁe & etlf]}fﬁ : tmegib%@%e%ﬁa%rﬁqotésa&u%lyt he

spi ndl e are per icant returns to the lubricant tank 25 via
t he |ubt1h@ﬂﬂiva§!ly%ﬁ5wrgmewmng appatfills mafit Bddysdinake fopwaldaeivaehd section of
the casing 16 to be used for the lubrication and cooling again. In

addi t i odjreattons hdwe linearfguigk machanidmé 9 intladptalleatir¢ufatah tgpolincaggmdez 2zl es 17
configured to cool the bobbin tool 5 are installed at an upper portion of

t he wel diaeks a@p&taallpdgt sig¢ secbionsyofgh¢ weldingapparatisigaindody 8atndlineehgwide cool i ng
nozzles 17 are installed in front and rear of the tool holder 1 The

cool i ng Talsz&/ yingzhigh stifipgss H‘S]'sﬁuéélét @maﬁéaear@ﬁat%frme Lb thepughput )§ct| on 17a
h ab whi.ch
gg;n:nggt ot et i&ﬁé}é’@fitnaﬁdlg@'&@vaﬁp%%ﬁﬁ@@&tﬁ% R the

t / t
cour oo, Piige eBr HEe bR or e Ok £ MCeas Pkl e Sy AT LR Y
section olofp llhéﬁrd"uf 5(}?( 528 nafind" l?:'rdsrs%é 1d?1‘3§§ﬂa2995 HownhiR tBU8Aving are

ci rcunf erent| a t he boBbl n he outer ci rcumc erenti al
si de of lﬁﬁﬁleti%@hletmﬂeﬁd é@eﬁﬁtdtﬁ@r&?kﬁ@?ﬂﬂeﬁﬂ%é @pet éid cetiony MRidhe [ 0025]

As shown in FIGS. 3 and 5, the linear guide nechanisns 9 are installed at
t he uppéswearshdsestionsnf bowl dffie: didsctiemchfie tveldingoapames haih body 8e kecti ons
of the wel ding apparatus nain body 8 and the left and right frames | b of

t he fr anddiviok, dtotal e$ foax tlinva gnideanads 2Dhabhy a stppeectionteshaws adishgwapptheat us
mai n body 8 in the forward/rearward direction. The |inear quide nechanisns
9 incl ud%awldjg|aeerm&tiaH@dJ1na:tailr§ﬁntey¢esm¢ atamslt@m eTaspeding toghe gﬁ@f’élgluél? at side

sections_of the wel ding apparatus main body 8, .and I ide rails 27
havi ng HQpks $piof mé@eetmsapt% ang| the Igner CFE%RS ofthe frames el hp

cor roop RS 1 Fefry B il sudE loERO2 S oncl Al 8% B PR

franeworgt hﬂéﬁ eﬁﬁﬁ% of the enbodinent, a total of eight |inear guide
bl ocks 26 havi ng Cross- sectlonal 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 |l ower end sections of both of the side sections of the
wel di ng apparatus nmain body 8. In addition, a total of four |inear 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 |inear
QU|de blocks 26 of the ‘upper end sectlons and the Iomer end sectlons of the

o Y b1 o ~ o




‘12 . As .shown in FIG 5, substantially V-shaped grooves 27a are forned
in an upper surface and a |l ower surface of the linear guide rail 27. In
addition, a projection 26a fitted int¥ a groove 27a is forned at the |inear
gui de bl ock 26, columar nenbers (not shown) are rotatably installed as a
plurality of rolling elenments abutting substantially V-shaped inclined

surfaces of thgsHEWRWEFKY 3, ibstafiGallyTedhsedicas®es 0fa hledomied i@Ghivpper26a of
the linear guide block 26 around a shaft perpendicular to a noving

~di recti onrfade dnlie@ lowbidiunfacappihe dinea guiderabb@dy B {daciax apngecipndioadittedon of
the linear guide rail 27). As the linear guide block 26 having the
above- nmentb iagneeveddiafis fumad atthe lisearrzvideddeck 2t eoluamge mgmbgis{gotrshawni on f or ce
generated in a widthwi se direction of a framework 1 upon the friction stir

vel di ng ateaietasebly astalipdas pylurpldy of efingelRments jaquiting subsiangially Yrsharesd ocks 26
f both. sid f. th | di f{ in b 8..[002 . Th
Tovi ng AEFLEUEcEDOHUE AT R POV SRS {hA HoiScBy ARASHEE R el di ng
t us. yai 8 al the Lij i il i . k 1. As
dosor  balidbRuhE 2 Mot B deforplehfRta BHicR el dissrdilof e yeBuhE AT R 5o
driven lﬁﬁ;ﬁr%s ?Ha'iﬁ’ h&f_l/ @gagacrx?nﬁﬁlg%i'&@tiﬁofthg lifi€ar $8idéGailRypr installed on the
su of the one end si I

upper ace e In the longitudinal direction of the base

plate I c of thg thé BRRWRHiHe block28 tﬁbﬁ%\tﬁe WeeknaBionay tadigahiaves 28a
vertically disposed intw stages and installed on the upper surface of the

ot her enpdovdéelk theatgeavdiding rdastom furcedgoneeitédoin aokidthveisddisetiphafe [ c, the
sheave 30 installed under the drum 29a of the endl ess winch 29, and the
Wi re rofmngivorkdngon thet fristion stin viddingfcan heraspivkeé by the frarheveak 1 viathe As shown
in FIGS. 3 and 4, one end of the wire rope 31 wound on _the drum 29a of the
endl ess ligepicghigablpeksdridottesidespidhe wolding apparags majpbedy Bs a connecti ng
t ool th?&g‘iqﬁ vertically rotatably attached to the upper surface of the
ceiling 8c of the one end side in the noving direction of the welding

the wire rope 135 nusimensr el UiRosdh BRVEReChliR e ST Ring by
e e atR s NERSS { R SnBoas: Aforah ik of 08 of (he
't RatF' ??-d\?ée‘)crrﬁég aalﬂ(i)\;/& g(f)&tr}gﬁigg lzqgl%rﬁkgs £ fachidel the@adle¥dWwilthi29 drive®ByERt i ng t ool

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 1c 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 1c, 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 8¢ 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



-attached to the upper surface of the ceiling wall 8c of the other end side
in the noving direction of the weldi n? apparatus nmai n body 8. Accordingly,
the wire rope 31 is wound and hung betdeen the sheave bl ock 28 and the
endl ess winch 29 in an endl ess manner. - In FIG 2, when the drum 29a of
the endl ess winch 29 is rotated in one direction to nove the wire rope 31
count er ghghiswits the Upper sspfabdb©thb ceifing hall\gelofithiegotagrrad didésn el moviagy 8 noves
toward the endl ess winch 29 in FIG 1. On the ot her hand, when the drum 29a
of the didttessofitherehblddy dpparatitsanha@d body 8. r Aceordmgtli tmovlm)mpoﬁltmwound
above-nentioned direction and noves the wire clockwise in FIG 2, the

spi ndl e agd bing baswegsi i rsbe&!p bmc&t%ﬁdﬁhme@dﬁiy vanehRfoia anendless MARGEheay e
block 28 in FIG_ 1. Then, probe 5a qf the babhin tool di.sposed
bet ween t he wHtkI§k 8@@@3@@eéiﬁ'§niﬁapf%§“9@5%W@%PR?)T%@ n %en@regw ace

Phe spi Hameve dieay o tivelaoagsTodoge. beepmlln Eoloe nelubguiitucthal! ' Vol on”
Is a f“é)g%%y ggnosvte Ooe\a\éﬁ{imen&d egé)lun %11;1??’@ 1, Unsd h%rb?he?fh &%H@Brt*éée) s 2a

and 2b hrou r|c ion rrlng roma Wer Si er eof

[0027] ' 293 of theleldRE&MWincAPY lg Foud@irtd RVERE dirE RIoR 0T RECaVERTcRtioRed desi gnat es
a wel di ng apparatus nmai n body overrun prevention danper installed at both

end sectdiBsorPindan oy itowRatlclivist e FIE RJiHeGpmaras of the wekdifg bsdyatés and
reference nuneral 33 designates an extraction prevention cover for the
bobbi n tnogih bbdy Svriowbs tosvaad thechealetbdodki D8 in#d@r 1. eritheagtht iposbed¥a dfitiee t ool

hol der 12. [0028] For exanple, when the friction stir welding of a
thi ck plbablinad Snisdisposedrbsjwaenrtheworkipiesas 22 and Hufixerbiodhe wprkpiecp &ixing ned
using the friction stir welding apparatus_of the present. invention having
t he abovutfaernlpendaands, |agd| ipihisgyiate.sthe spindlg 6 is Ff&%ﬁd Py drtyving of thesspandle ¢ he

wel di ng appar at.us main b tan a st end
section'® P)t &V1ag, APRALALHY ﬁg{rag&gcﬁn g’é’bgw{%rgl‘@ﬂh a t"?{qlrﬁ’é@]é'%&ﬁ(’?udi nal
dlrectlon i.n the fr rk 1. pl aced on
the ef cng fibsyiiionE BFS ool ds 2h and o p AR B EE mg A stirfieh

frameworde 1. 1505Raktth4eby, and wel ding lines of the vvorkpl eces 2a and 2b
are matched to a center of the gap 4 using a positioning jig (not 14
shown) . [ the welding lines of the workpi eces 2a and 2b pl aced on the
upper surfaces of the workpiece fixing surface plates 3a and 3b are mat ched
to the center Iphdditien,dafhedrawing, wikrkidcanaseradS2aledigdinesa eefdivgappamtashe

wor kpi ece fixing surface plates 3a and 3b by a workpiece fixing jig (not
shown) . mdih body bretriungprecative damperpnsgelat at bnth éng sscioins @ aanayiegpath o5t eel
(not shown) having a length throughout the entire length of the workpieces
2a and 2be wgldimgsmma@w 1630 bREY RorKgEEEmse zamsf?éjf%ése&lglwrex}vﬁ@tl%| di ng

| i ne, preventing sc due . to dayage to the bobbin 5. .Here, when
he or AP GEIEN S0y Tt belthin fogh Schiahar st T et dad Fovtia o B s
directi frgd’n ﬁge upper surfaces of the workpiece fixing surface plates 3a
and 3b lthr‘? Framework 1, wor kpi ece supports (not shown) configured to
support bggs]wor-kpi eces 2a and 2b are installed at both sides in the
vvidthwis[ I'rection of the framework 1, and the portions of the workpieces

2a and 2b pr otpoHgkAMhIE, r»ﬁlientth@frwtﬁmﬂp%ldlno%ﬁﬂawk&%&@pbJ@m@mowyr kpi ece
supports and fixed by a workpiece fixing jig (not shown)

descri begmdbofean aMmub@ateEakip peferdnedausaipdhe fricion stit wetdlmg”lzippatdtlfs ofor kpi ece
fixing surface plates 3a and 3b, next, the endless winch 29 constituting

t he novithgprsgalimtedtond Bavisg theiabeve- memmﬂeld cohBgwretich, figstappshownus Fi@S.n body 8
via the wire rope 31, and the bobbin tool 5 is noved toward the endl ess
wi nch 29 ansk2% tlnm'acildmgeappwtuﬂmn bh@(/\ﬁl i§ on star@by in s geatcapved tohe end spindl e 6.

In this case, after nmoving the spindle 6 just before a | di ng .start
posi t | orse@tfowféhmm b@els2&aldanwhlzbls @n@ecnégvﬂmlengmdgnﬂiﬁ tgp%rmm unti |

o b eyl ) Nent tnnobBiesabustin ik pisRpR Lt ST BEASERoIE PR ¢
spi nd| 6£x1%§ sifded gﬁﬁ! sbjy aglﬁg,gb 'u?e SnbRLRY %géeﬂ\»ag aRp \%r’a meF'oPtH% step in

whi ch t e en aces of the
wor kpi e I Qb t he
spi ndl ec\g(?r éf%rc%lr}%%:aozr?% ﬂgﬁfhk?ﬁg?fécﬂger{?g?%@%‘ nselfg&r%gasg%z%ﬁ f (ISZHAE and the

oil cooling space 15 of the outer circunferential side of the spindle 6 by
~the lubricant circulating apparatus (not shown) and ejection of the gas,
for exanple, air, fromthe 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 bl ock 28 side), which beconmes the welding start position of

t he wor kpi eces 2a and 2b, such that the probe 5a of the bobbin



15 tool 5 is easily hung by the workpi eces 2a and 2b. Next, after a
predeterm ned tine elapses fromthe rotation of the spindle 6 by the
spindle rotary driving apparatus 7, tHe novenent is resuned that the
wel di ng apparatus main body 8 is pulled toward the endl ess winch 29 via the
wire rope 31 through driving of the endless winch 29, and the friction stir

vel di ngstefwi)he Wihkie feRisngZinesiod thkbworkpieess 2u @b plaved onehensbeof t he
wel di ng I'ine between the workpi eces 2a and 2b to the other end of the

wor kpi es@rfaves df thg warkysiedeafixieg surfifce pphaesslacind b ané matrh2d testhdegntemdlithér becones
a welding term nation position. [0029] ~ Next, it is determ ned that
t he wel damé, tbé workpicass Rpped 2ls azdixgd do the warkpigee figingiswdacear#fehn3g ansh3thosi ti on
is conpleted, and novenent of the spindle 6 of the wel djing apparatus main
body 8 b¥agtaskpiect fineg{ig (BatsBpwnt jAfterdhat, HFGREErMERIEVENIONIGHED Bh2 of t he

F(E‘mgf'eﬁp%r{qél it RS Sh & it B B ol 1 TR o Bie38 o) o
t i .2 | i K pi i
por t or e e A is Rl GPims SR 27 gl 2b REeet e BB gy ceng " 20 1
descri b@@hn%hﬁ%aue torhafn’fhge 6 e toBRingbol's. WakdE NoheARRAWBHTe RS 24 Rkl B6 ggent

t wor kpi ece f f I d 3b

i nventi on, I Xxing surface plates 3a an , the two of which

for m ongyrs&tand 381y PestAictin aRViahvideNBreoRok RoAORS upper aidacZh of Wi ch are
targets for the friction stir welding, on the framework 1 having a holl ow

st ruct uherkgee fixing alrfad pitsiBatdndB3btdfehegmneworkxlt, evodipieceauppatst (net wel di ng
line between the workpi eces 2a and 2b are formed between the workpiece
fixing showmoenfigartedso Supparidhaworkiprecasizn andolh are linstalls at bethajsisainathas mai n
body 8 i ncl udqugj(g t he bobbin tool 5 serving as the friction_stir_welding
%ool ?omld@m iestion of the damenerip b wd thaperpians of the Bierkmecegdpand 28 he spindl e
configured.to attach the bobbin too to the upper end secti and the
b ndl e FROTAinE B BenpRaka: o SwRgisiRy eoRe B St and fxkaPeag s
novably atiached .to..the space section |a under the gaps 4 in the
| ongi tumoﬁgqle%ﬁﬁi’g%?lgzn%fs&?‘ﬁ@'gaps 4 via the roller circulation type |inear

O e S By Sy R PSS PTG e
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



16 wel di ng apparatus mai n body 8. For this reason, when the wel ding
reaction force generated upon the friction stir welding is large, for
exanpl e, even when the wel ding reacti®n force exceeds 1 ton upon the
friction stir welding of thin plates (for exanple, formed of an al um num
material of less than 18 m or the friction stir welding of thick plates

(for exgmpbes edsiy Waflg BY tiRAwakpiRtAWA MBS | al of 18 mmor nore) at a high
speed, the large welding reaction force can be substantially received.

Accordi ngly, Nbet, &ftércd predetatriinedirhe elagsesffranhthewotakipn ef the spmdienfdb@thecan be
performed normal ly. I n addition, since the workpieces 2a and 2b
pl aced epindlaeotanr dpiieg apfaratiin (g thamosieaen|isressmgd thanthe3yelding mppartanewor k 1
are wel ded through the friction stirrin rotating the bobbin tool 5

b
pr ot r udMadn besined i Publediovsd thevgadless wineh; \%i/wéleqar; wpe 81 HrquedinEag of he

kpi fixing. surf | ates 3 .3b when the width of th
@ikﬁii EenglsSERineHor &% e Sictomsir Sefge o B MerligRees2Agad®h 1 ng. surtace

tes 3 d th oL i . ' f th ' - d 2b
DLt B bRE LA SRt B LOR B R SB35 3, 48,0, 20 oo
apparat Usq 6O %?Qagéenw?lhft}s%gmg (@ &5 e I Ringf 26 Bifle)VYhidh REGReLR and

reduction in size o riction stirring apparatus can be attai ned.

[0031] welding fedhida€ibn pediieie the spring 19, which is a resilient body, is
install ed between the | ower end of the bobbin tool 5, which is a friction

stir wel[@)299 tool, and the upper end of the spindle 6, in a state in which
the wei ght of the bobbin tool 5 is supported by the spring 19, vertical
movenent of t Nextbihpdetemaioed thabthe ovedding of thehvarkpipens 2atand 2bsathsrvelémgn when
t he workpi eces 2a and 2b are deformed in the upward/ downward direction (the
plate t Frevmbion pasitiar 5 mpletedhang supementd the spindle G dhowelding rai sed and
e g bk AL TN ingh S Aecpps VL BSGh S, 0 e
SR R A B TR M R R
e DR S5e G2 PSRt e GRUND SP8ES e bdmalongert on o
the | ubghi&fibn 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 1a 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



-[0033] In addi tion, since the cooling nozzle 17 including the
bel |l ows section 17a having the base end section to which a gas supply
source (not shown) is connected and tHe gas ejection section 17b forned at
the tip side of the bellows section 17a and configured to vary an ejecting
direction of a gas for cooling the outer circunferential side of the bobbin

tool 5 iwgldife hFpdrfs ﬁhintHMyW' FioP thi@RAKA When MR WelBR@edbtioh forRe St ate in
whi ch the gas ejection section 17b is directed to the outer circunferenti al

si de of gtheatbdpomthedtittidn stir welding i larg) for axgmpplesivieh whenfthd weldmgt er
circunferential side of the tool holder 12, the gas, for exanple, air, from
t he gas reastiph forsoenceedschtonpor thecfirietion stireféldimgiof dhiy ptates! (farrexabplsbi n t ool 5.
[ 0034] Further, since the bobbin tool 5 is used as the friction stir
wel di ng ferowsd, ofian sluminami raateradl o less andSanemor theiftiction wisiweldinapf tugked t o
vertically mpve the friction stir welding.toql to add a pressing force to
the wor PHit 3 amBleg Formeg &h b alugyifyTp gast r}?ﬁegﬂ%mpwométPﬁr&?ﬁ%&?@?stir
wel di ng apparatys. can be sinplified. in structure and reduced, in.size.

[S035) ° the e ygtding e FrEP e i b BRNGH  eRENATY the et e s 10
i ncl udes;: Byale | QU i driving apparatus
such as%%n{}@@l&@kg%fﬁ@%w%l{bg%eég% t eB %ﬁrtge%eopgq %ﬁ“%@@h is a strand-shaped

menber, wound PRdifieh, AreBHRIRorRpicb &2 LI B acthddah&ROrkpRB FRirdg1g both ends

t hereof to both end sections in the noving direction of the welding

appar at yarfa® platbosty arill 38 ethe diahicaele 1 aenwelad rofdiothe Eiatonl stirrieobyw eyance  of
10 mor nore) of the welding apparatus nmain body 8 can be perforned.

Accor di mgtating thedobbineooltShgrotredigg lnpwhrd faem woy lopiceside viithagsp 2forimed f or
exanple, 10 mor nore, the friction stir welding can be perforned. In
addi t i orbetvedendlee whikpésed fising swrfaechplaes Bs and &bl cxsn when thei widthueli the conf i gur ed
whi . { OGP 73 S48 SR PLEST TP A SRV pigEs BABHHAL RSt A2 BB i on
endl cos 103 fshon St N et BT Rorhictes 44 BhEan i B hepapel 13RS B N ess
appar at oG e 0 T B IRAh3RR Y bt R ARG ik AP EVRIPRL . ane
Pi ni on MRCRBApRTEs SE LI hERRYA Mkd of (REVRMOAIRAME DpSAnistaf 8t - [ 0036]
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 pbssib]e. 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 formed 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



‘I'n addition, in the enbodiment, while the case in which the |inear guide
mechanism9 is set to the roller circulation type has been descri bed,

anot her type of |inear guide nechani shh may be provided as long as a | arge
reaction force generated upon the friction stir welding of the thick plates
can be received. Further, in the enbodinent, while a total of eight |inear
gui de bhChdkB6 8aifbd prrfodne@ By Me Tubficdniont end side and the rear end side
in the upper end section and yhe | ower end section of the both side
portiongoo3B]the wel ding apparatus nain body 8 and a total of four linear
guide rails 27 are installed at positions corresponding to the |inear guide
bl ocks 26 of rhaldigopesinettheseolingmozatedl % ineludimgshe beltbvesssettianl tafhaving f r ane

| b of the franmework 1 in pairs on each side, the installation positions and
nunber dfe haseend sestion tpuwhish llges kupphesauies (Mabshowid éy capneetedand the gas gui de

ils 27 wiith re t to th I di t [ dy 8 t
par t 1 cuFISFIgN 15eHiph 0P Gmed Abtha il ofish bel e el T eopiaied B 1 or ce
b ived.. Furt , dnt di while t | i [ bl ock
26 are AnSBetaE Aukdionief Ak i PRGRe o der PG s SRneIb O "1 ne' S
by ity . ' . ) : o S
ot par fielcr ARG B afe SefE e T AR s, ANEoat F A Bar Ploric” 1
react | O@edctf%_q(?b(i@g'ir&?edr B R HREF circumferentiIWRIQIT the Bobbiterod! 5, UGt uhe of the

enbodi nent, in order to obtain an effect, which is an aspect of the present

i nvent i @rbigapakidion bf fiRGRtetichguRfdraftdesideat theasolfholdee 12tthe ghs, fimar gui de
mechani sm 9 nmay include the plurality of linear guide rails 27 installed in

par al | elexahple har, firoamtheak supplaswireugapdretejdcke taefidetmgapmd thet hebbineionl body 8
via the plurality of |inear guide blocks 26 per. one |inear guide rail 27.
[0037] S. In addition, in the enbodi nent, while the case in which the
AC servo notor is applied to the spindle rotary driving apparatus 7 has
been ded®(3dbed, an inverter nmotor 19 may be applied as |ong as conditions

sati'shed,  andubiraaingrr opbuiSiAaas Brrdrans birBoh Sirflmelfal  Gr i Ui ng
chai o, TediekBabbF oRRlsCen gy i b a 8 e ARALRC R GRS O
wi nch 29, dising R ke shd Qp%%%\f%%é&ﬁitﬁé;@?ﬂ@ﬁé&s 3DakPy L BSsnited.ove the

wel di ng apparatus maln above-nenti oned advantage is

provi dechcchfin %y eBEfction YeNveiding dpphRitus|cafibt SiinplFied e s@@sere @hd weduoed t he
endl ess wi nch 29 but includes novenent by the chain driving or |ead screw

dri vi ng,in&iael novenent by the rack and pinion nmechanism as long as the
wel di ng apparatus nmain body 8 can be noved in the | ongitudinal direction of
t he gap [@0350x herwi se, a chain may be installed and fixed back and forth
i nstead of the rack, and the pinion to which the wel ding apparatus min
body 8 is conhughemare asdescaifed Abeyer siccthampving srpaeatyshld) eludssthe appar at us
. . £ th Coion.
rain bO%}lldl%ssb\%inrclcl)tZStclor?EguC}ed ‘Eo (?ri\%l tpnle 8lqvin %8§z?r]<1tus 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



‘Furt.hernore, in the enbodinent, 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 limted ther&o but, like the conventional
friction stir welding apparatus, a nechanismconfigured to firmy press the
friction stir welding tool against the workpieces 2a and 2b nay be

provi dedndlagiGviach fsi divhmAgedib in M@intinagcd. 0Furthay when @Rl sndReewifth@oder nay be
attached to the upper end section of the spi ndle 6. In addition, in the

enbodi mesdd, inturhgaristie withgbe case whivbithtthewsldingnappasitusandin poded ig mowtrkor b t he
wei ght of the friction stir welding tool 5 is provided is described, when
the wei ghing efleadrrgravodiiving onthte racl 2wl pinioa nagshinigm.the coditssguineldist o absorb t he
i ght of the tool may be omtted. Further, of course, various
mdlflcaﬂY%e@WVﬁé ERfE wi t hout departing the scope of the present

I nventi ({)1(?3 &'I ndustrial Applicability] [0040] 20 reaction force are |arge.
[Descrig % of Reference Numeral s] [0041] 1 framework, 2a, 2b workpiece,

3a, 3b workpi fit %dcflﬁ&(rl g?th%%b{b%ﬁﬁneg-{t%@% @e%&%rln%@am& Tl u1cf4::f riction stir

wel di ng tool), r I'VIi'ng appar at 8 wel di ng
appar at %cﬂﬁilﬁn@qgé’et t@tﬂe'rﬂﬁélr chHlaﬂ@n ?ﬁféh\%ﬁ‘b@éﬁ dé&lﬁ@&vhﬂﬁhé@f&r(ﬁm&m 15 oi l

cool ing space, 16 casing, 17 cooling nozzle, 19 spring (resilient body),
23, 24 Bapkeini@hami®m!th&eR providde ablongas aldigt tdacadn Séed@ntmitdd updfl tikndl ess

winch, 31 wire rope (strand-shaped nember

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 1b 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 § 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.
[003 71

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



21 [Cainms] [Claim1l] Afriction stir welding apparatus conprising:

a wel di ng apparatus nmain body conprising a framework having a | ength |arger
than that of a welding |ine along whith workpi eces are wel ded, a
pair of workpiece fixing surface plates installed to forma gap extending
al ong the wel ding Iine between the workpi eces on an upper surface of the

f ramewoipday bR dppli€d 4s08ng ks Eondetiahls BacH B redolaOE REMbETREqUchagRRrigtics,
protrudi ng upward fromthe gap, a spindle configured to attach the
fricti oor theilikeysk datisdiet carid rotatianal dgapsmnissiod foac the apintdleaotwy driwng a spi ndl e
rotary driving apparatus configured to pivot the spindle;

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
attacﬁed 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



-a li.near gui de nmechani sm configured to novably support the wel ding
apparatus nmai n body al ong the gap; and a noving apparatus configured to
nmove the wel di ng apparatus nmain body 2! ong the gap. [d aim 2] The
friction stir welding apparatus according to Claim1, wherein the |inear
gui de nechani smconprises a roller circulation type |linear guide block

i nstal | edcabn tdi6e yelidbeg apparatus nmain body, and a linear guide rail
installed at the franBwork to correspond to the |inear guide block and

ext endi PDestipfien bhRefgce Nuhtdr]3] The friction stir welding
apparatus according to Claim2, wherein the |linear guide nechani sm

conpri s¢@4tihe plurality of linear guide rails installed in parallel at the
framework. [Cl ai m 4] The friction stir welding apparatus according
to Caimp drangwarkelaeRh toskpicereda, Ipui werkpissh dwingrausiappplates 4t HEaPwel di ng
apparatus main body via the plurality of |inear %ui de bl ocks ;Pa?erltug%e | i near

gui de r &ppbin tool (friction stir welding tool), 6 Spindle, 7 spindI€ rotary driving ap
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)



22 [0 ai m 5] The friction stir welding apparatus according to any
one of Clains 1 to 4, wherein the friction stir welding tool is a bobbin
tool, and a resilient body configuredto support the friction stir welding
tool is installed between the friction stir welding tool and the spindle.

[ Cl ai m 6] The friction stir welding apparatus according to any one
of O ai nBla#nd]0 5, wherein a casing configured to forman oil cooling space
is installed at an outer circunferential side of the spindle of the welding
appar at §Slamailh body, the spindle is rotatably supported by the casing via a
bearing, and lubricant is circulated through the bearing and the oil

cool i ng spaceA fficlien $t1r7vyeldmg apparfthecémpusingn stir wel di ng appar at us

according to any one of Clains 1 to 6, wherein a cooling nozzle configured
to vary an ej aeéeldigs apnags r@ﬁlndfodace@@nﬁlag@cffﬂmetwoékba‘f@g adengduifeEsF ent i al

side of the fri.cti ir weldin i S inst ed at the welding
appar at ffandhatofg m%&%?‘r‘ﬁ‘%}w}"g‘ wor%pipﬁ(és i 4egn stir wel di ng apparat us

cccord 19 (0 SRSl okl P EAL . REWRISERL N ot oo
7 B SRR A gL Sl ST AR 5 o119
mai n body is FeN@MNRYir Weidihd@oPispdred anddraiegay aprotruding 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 pivot 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.

[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.

[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.

[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.



S
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[Claim 5]

The friction stir welding apparatus according to any one of Claims 1 to 4, 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.
[Claim 6]

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

[Claim 7]

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

[Claim §]

The friction stir welding apparatus according to any one of Claims 1 to 7, 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 moving
direction of the welding apparatus main body, and the welding apparatus main body is

moved by driving of the endless winch.



