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(57) ABSTRACT 

A friction stir welding dcvicc that is configured to pcrform 
convcntion friction stir welding as wcll as self-reacting 
friction stir welding. A pin passes hrough an uppcr shoulder 
and can selectively attach 10 and detach from a lowcr 
shoulder in a preferred cmbodimcnt. A controller maintains 
thc discrete position of, and/or force applied by, the uppcr 
and lowcr shoulders during self-reacting friction stir 
welding, or maintains thc pin at a desired depth and/or 
applicd force during conventional friction stir welding. 

19 Claims, 1 Drawing Sheet 
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1 
AUTO-ADJUSTABLE TOOL FOR SELF- 

REACTING AND CONVENTIONAL 
FRICTION STIR WELDING 

STATEMENT OF GOVERNMENT INTEREST 
This invention was made by an employee of the United 

States Government and may bc manufactured and used by or 
for thc Government for governmental purposes without the 
paymcnt of any royalties thereon or thcrcof. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
Thc prcscnt invention is dircclcd to a friction stir welding 

dcvicc and, morc particularly. to a machine tool capable of 
performing conventional friction stir welding whilc manipu- 
lating pin length in rcal time as well as capable of pcrform- 
ing sclf-reacting friction stir welding whilc making rcal time 
adjustments to the distance bctwccn the uppcr and lower 
shoulders. 

2. Description of Related An 
The general conccpt of friction stir welding is described 

in U.S. Pat. No. 5,460.3 17. Conventional friction stir weld- 
ing is a proccss of wclding component pails together using 
the frictional hcat generated by a non-consumable tool to 
join work p i a  scctions. The tool includes a pin that is 
inscncd into the joint and a shoulder that is urgcd against an 
uppcr surface of the work piecc. Thc pin and shoulder row 
to gcncratc friction n d c d  to mate a plasticizcd region 
along the joint for the welding operation. 

For conventional friction stir welding operation, a work- 
piccc is generally supported by a rigid table or anvil typi- 
cally formcd with a stccl platc. The anvil stabilizes the 
actuation forcc of the upper shoulder to maintain Lhc intcg- 
rity of the workpiece so that the workpiece docs not bend or 
dcform undcr load. In order to maximize the strength of b e  
joint bctwccn workpiece xctions. thc pin should extend the 
entire thickness of the workpiccc. U.S. Pat. No. 6,199,745 
attempts to address this issue by providing a unique probe 
pin. This pin allows for xlf-rcacting friction stir welding 
since it has a rotating bottom shoulder that coopcrates with 
the uppcr shoulder. However, it makes no provision for 
performing conventional friction stir wclding. 

Other improvements have mkcn placc in this an. U.S. Pat. 
So. 5,893,507 dcscrihcs an auto-adjustmcnt pin tool for 
friction stir welding which allows Ihc pin to bc incrcmcn- 
tally withdrawn from thc workpiccc thcrcby eliminating 
craters or kcy holes in the weld after completion of thc weld. 
While this dcsign may bc clTcctivc for conventional friction 
stir wclding. it makes no provision for sclf-rcacting friction 
stir welding. 

U.S. Pat. No. 5,697,544 shows an adjustable pin for a 
friction stir welding tool which allows the shoulder to move 
relative to the pin tool. This design makes no provision for 
self-reacting friction stir welding. 

Accordingly, there exists a nccd for a tool and method for 
performing both conventional and sclf-reacting friction stir 
welding which will provide for the adjustment of the pin 
lcngth in real time during conventional welding as well as 
for the adjustment of the distance between the upper and 
lower shoulders in real time during self-reacting friction stir 
welding. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a tool 

which can perform both conventional friction stir welding 
(FSW) as well as self-reacting friction stir welding (SR- 
FSW). 

2 
Another object of the present invention is to provide a 

method for providing FSW and SR-FSW utilizing auto- 
adjustable pin tool (APT) technology as well as an ability to 
adjust the distance betwcen opposing shoulders when per- 

Another object of the present invention is to provide a 
dual capability machine tool not known in the art to provide 
both FSW and SR-FSW capability. 

Another object of the present invention is to incorporate 
lo  auto-adjustablc pin tool (APT) technology into a machine 

tool for performing either FSW or SR-FSW processes. 
Another object of the prcscnt invention is to provide a tool 

having the ability to provide a rcplaccablc uppcr shoulder 
and pin and/or LO add and subscqucntly rcmovc a lower side 
shoulder from the pin so that a single tool can be utilizcd to 
perform conventional as well as sclf-reacting FSW. 

By providing this capability in a FSW dcvicc, it is 
bclicvcd that a significant reduction in costs can be cxpcri- 

20 e n d  by a facility contcmplating the purchase of conven- 
tional FSW equipment as well as SR-FSW quipmcnt. Thc 
tool is preferably quipped with a rcplaccablc uppcr shoul- 
der and pin and/or a pin configurcd to receive a rcmovablc 
lower shoulder. Accordingly. a single tool may bc utilbxd 

25 for both FSW and SR-FSW operations. A closed-loop con- 
trol system allows the position and/or load on each shoulder 
(in SR-FSW). or on the uppcr shouldcr and pin (in convcn- 
tional FSW), to bc conlrollcd indcpcndently or in unison. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The particular features and advantages of the invention as 
well as other objccts will bccomc apparent from the follow- 
ing description mkcn in connection with the accompanying 
drawings in which: 

FIG. 1 shows a schematic cut away view of a friction stir 
welding dcvicc consmctcd in accordance with the prcscnlly 
prcfcrred cmbodimcnt of the prcscnt invention; 

FIG. 2 shows a side plan view of a first alternatively 
prcrcrrcd pin for use with thc tool of FIG. 1; and 

FIG. 3 shows a ponion of thc tool of FIG. 1 with the lower 
shouldcr member removed. 

5 forming SR-FSW. 
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DETAILED DESCRIPTION OF THE DRAWISGS 

FIG. 1 schcmatically illustrates a prcfcrrcd cmhodimcni 
of a friction stir welding dcvicc 10 for friction stir welding 
application. The tool 10 welds workpiece xctions 12.14 ai 
joint 16. The tool 10 is connected to a spindle drive 18. or 
other driver, which rotates uppcr shoulder mcmbcr M along 

50 with pin 22 and lower shoulder member 24 when attached as 
shown in FIG. 1. The pin and lower shoulder member (when 
attachcd) may bc rotationally driven either depcndcntly (at 
the same rotational velocity) or indcpcndcntly (thcrcby 
allowing dilTcrent rotational velocities) relative to the uppcr 

45 

55 shoulder member. 
FIG. 1 shows the tool 10 configured for self-reacting 

friction stir welding (SR-FSW). In this embodiment, the 
lower shoulder member 24 is attached to the pin 22. In the 
illustration, the pin 22 is equipped with threads 30 which 

60 cooperatc with internal threads 32 in the lower shoulder 
member 24. By coordinating the direction of the threads 30 
and internal threads 32 of the lower shoulder member 24 
along with the direction of rotation of the spindle drive 18, 
the lower shoulder member 24 can be retained on the pin 22. 

65 Although cooperating threads 30 are one way of retaining 
the pin 22 to the lower shoulder member 24, other mnns- 
tors and/or methods may also be utilized so that the lower 
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shoulder member 24 may be detached and reattached at the conventional fixed-pin design the auto-adjustable pin must 
will of the operator. The lower shoulder member 24 is be removed or withdrawn into the spindle. 
connected intcrmediate the upper shoulder 26 and the distal When operating in the conventional fiction stir welding 
end 25 of the pin 22. mode as shown in FIG. 3, the lower forcc forge actuator 44 

AS can be sccn from FIG. 3, the lower shoulder member 5 functions more s i ~ l ~ ~ y  10 an auto-adjustablc pin tool 
24 may be selectiveIy removed from the 1001 10. In FIG. 1, mechanism as described in u,S. Pat. No. 5,893,507. 
the bwcr shoddcr ~ ~ m b c ~  24 is shown in an Specifically, as the tool 10 travcrscs an incrcasing thickncss 
configuration and in use relative 10 the Pin 22 and WPcr of the work piecc, incrcascd prcssure is cxpcrienccd on thc 

mcmbcr 2o so that SR-SFW can bc performed On upper shouldcr mcmbcr 26. Thc controllcr 46 scnscs this risc 

24 has lo such lhat surfacc, and withdraws thc uppcr shouldcr mcmbcr 20 to 
Ihc pin 227 Or altcmativcly pin as bc keep thc prcssurc and or position rclativc to the work piccc 

friction stir wclding as is known in thc art and as sccn in 
FIG. 3. 

supponcd 
so that upper shoulder 26 abuts upper surraccs 34*36 Of work 

the work picccs 12.14. In FIG. 3 thc lowcr ShouIdCr member 10 in pressure, and/or c.,angc in of work piccc 
rcmovcd from lhc pin 22 and 

discusscd below. Can bc utilizcd to perform COnvcntional surfacc Same timc lower forge 
44 cxlcnds the pin 22 further 

15 pin tip 22 at thc propcr position rclativc to thc work picccs 
12.14. I f  thc scnsor 48 scnscs a rcduction matcrial thickncss 
and/or forging prcssurc, thc controllcr 46 mows thc uppcr 

shoulder Lo keep 

shoulder mcrnbcr 2o is shown in 

piccc SCCtlOnS 12.14. Pin 22 cxlcnds through thc joint 16 and 
lOWCr shouldcr 28 Of IOWCr shouldcr mcmbcr 24. hWCr 

shouldcr mcmbcr towards 
dccrcasing work piccc 12.14 thickncsscs) to 

work ,,iccCs 12.14 (bccausc of 
a 

shouldcr 28 abuts lowcr SurfaCCS 38-40 of work PiCCC 20 constant prcssurc scnscd at Ihc scnsor 48 andlor constant 
scctions 12,14. An uppcr rorgc actuator 42 is illustratcd position of Ihc shoulder rclativc to thc work piccc surfacc. 

lo lhc upPCr shoulder mcmbcr 2o and a lower foQ2c At thc samc timc thc lowcr forcc forgc actuator 44 movcs 

mcmbcr 24, whcn installcd. through pin 22. For SR-FSW rclalivc thc work picccs 12.14. 
aClUalOf 44 i S  illustratcd COUplcd 10 thc IOWCr shouldcr Lo thc t ip  22 to appropnalc position 

wclding operation, lhc spindle drive l8 roLatcS and Lhc 'ppcr 25 
and lower shoulder mcmbcrs; and lhc 'ppcr and IOwcr "'gC 

I n  order to change thc controller 46 from SR-FSW to 
convcntiona~ FSW modc, a switch 52 is prc[crably utjlizcd 
to inform thc controllcr 46 of whcthcr thc lowcr shouldcr 

may withdraw thc pin 22 with a lowcr forgc actuator 44, and 
F,2, will thcrcby aclivatc switch 52 

to allow the lowcr forgc actuator 94 to providc auto adjust- 

welding modc shown in LIG. 3, Altcmativcly, 52 
may bc utilized lhc conlrollcr 46 whclhcr thc pin 

approp~a~c  or fixcd-pin tool, is utilized without thc 
lower shouldcr mcmbcr 24 conncctcd thcrcto, 

Numcrous altcrations of thc structurc hcrcin discloscd 
will suggcst thcmsclvcs to thosc skillcd in thc art. Howcvcr, 
it is to bc undcrstood that thc prcscnt disclosurc rclatcs to thc 
prcfc'crrcd cmbodimcnt of invention, which is for pur- 
posts of illuslralion only, and bc conslNcd as a 
limitation ofthc invcntion. All such modifications. which do 

invention, arc intcndcd to bc 

Having thus sct fonh thc naturc of thc invcntion. what is 

1. A 
an uppcr shouldcr having a borc thcrcthrough; 
a pin cxtcnding pcrpcndicularly along a pin axis through 

thc shouldcr, said pin having a distal cnd, said uppcr 
shouldcr and said pin rotatably drivcn indcpcndcntly 
(thc uppcr shouldcr and thc pin arc not mcchanically 
ticd and may rOtalC at d i k c n t  ralcs) in a welding 
opcration; and 

a lowcr shoulder removably conncctcd to thc pin intcr- 
mcdiatc thc uppcr shoulder and thc distal cnd of thc pin, 
said lowcr shoulder having a larger pcrimctcr than thc 
pin; 

wherein thc lower shoulder mcmbm further comprises a 
feature extending into the lower shoulder member 
which receives a portion of thc pin with said feature 
mechanically locking the lower shoulder member to the 
pin. 

2. The friction stir welding tool of claim 1 wherein thc 
upper shoulder and pin are rotatably drivein in an indepen- 

actuators 42,44 supply forging forccs F,,, F,, to uppcr and 

22 and upper and IOwcr shoulder mcmbcrs 20'24 gcncratcs 
friction hcat to crcatc a plasticizcd rcgion for joining thc 30 upon not sensing 
work scctions 12.14 togcthcr. 

18 arc conncctcd to controllcr 46 as schcmatically illustratcd 
in FIG. 1 for opcration. Thc controllcr 46 dirccts uppcr and 
lowcr forgc actuators 4 2 4  to maintain uppcr and bwcr 35 21 of FIG, 2 is utilized or thc pin 22 of FIG. 3, or 
shouldcr mcmbcrs 20,24 and shoulders 26.28 in abutment 
with upper and h" SUrfaccs 3436 and 38-40, rcspcclivcly, 
of thc work picccs 12,14 to compcnsatc for variations in 
work piccc thickncsscs and to providc a prcdctcrmincd load 
on opposcd surfaccs of thc work picccs 12.14. Scnsors 48 40 . . 
and 50 arc prcfcrably utilizcd to providc fccdback to thc 
controllcr 46. Thc scnsors 48.50 may bc utilizcd to scnsc 
mal-timc forcc and/or position of thc shouldcrs 26.28. By 
providing thc Sensors 48.50. thc position of. or forging forcc 
on. thc uppcr and lowcr shouldcrs 26.28 may bc manipulalcd 45 included 
in rcal timc by thc controllcr 46. 

Although this configuration works satisfactory for 
SR-FSW, it  may bc that thc uscr dcsircs a tool 10 which has 
thc capability of pcrforming SR-FSW as wcll as convcn- 
tional FSW. In convcntional FSW, thcrc is no lowcr shouldcr 50 
28 or lowcr shouldcr mcmbcr 24 utilized. In fact, an anvil 
52, illustratcd in FIG. 3, or othcr appropnatc lowcr surfacc 
is normally providcd. Obviously, thcrc is no way that a lowcr 
forcc actuator 44 could be utilizcd to apply forging forcc F,, 
indcpcndcntly of forging forcc F,, as shown in FIG. 1. In 55 
order to switch from thc SR-FSW proccss or modc shown in 
FIG. 1 to thc convcntional FSW process or modc shown in 
FIG. 3, the lowcr shouldcr mcmbcr 24 is rcmovcd from thc 
pin 22. Altcmativcly, pin 21 as shown in FIG. 2 may bc 
utilized for the SR-FSW modc and then replaced with pin 22 60 
as shown in FIG. 3 or another convcntional friction stir weld 
pin known in thc art. The upper shoulder member may also 
be completely removed and replace in order to provide the 
optimum shoulder geomctry for thc applicable process. The 
upper shoulder member can also be replaced with a tool 65 
holder that can be used to hold a conventional fixed-pin 
friction stir welding pin-tool. In the case of a using a 

IOwcr shoulder mcmbcrs 20,24, rcspcctivcly' Rotation Of pin member 24 is attached or not. Altcmativcly, thc contro\lcr46 

Upper and lowcr fo%c actuators 42*44 and 'pindlc drive ing pin tool (APT) capability in thc conventional friction stir 

dcpan spirit 
scope of appcndcd claims. 

claimed hcrcin is: 
welding dcvicc comprising: 

G 

L 
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dent rotation, wherein independent rotation is provided 
when the shoulder and pin are not mechanically tied 
togcther. 
3. The friction stir welding tool of claim 1 further com- 

prising a lower shoulder member and the lower shoulder is 
a portion of the lower shoulder member. 

4. The friction stir welding tool of claim 1 wherein the 
lower shouldcr further compriscs a borc that is threadcd and 
threadably rcceivcs the pin intcrmedia the distal end of the 
pin and thc uppcr shoulder. 
5. Thc friction stir welding tool of claim 1 further com- 

prising an uppcr shouldcr mcmbcr and thc uppcr shoulder is 
a portion of thc uppcr shouldcr mcmbcr. 

6. Thc friction stir welding tool of claim 2 whcrcin thc pin 
and uppcr shouldcr arm rotatably drivcn by a spindle drivc. 

7. A friction stir welding dcvicc comprising: 
an uppcr shouldcr having a bom t h d r o u g h ;  
a pin cxtcnding pcrpcndicularly along a pin axis through 

thc shouldcr. said pin having a distal c n d  said uppcr 
shouldcr and said pin rotatably drivcn cithcr dcpcn- 
dcntly (shouldcr and pin arc mcchanically ticd and 
rotatc togcthcr) or indcpcndcntly (shouldcr and pin arc 
not mcchanically ticd and may rotate at dilTcrcnt raws) 
in a welding opcration; 

a lowcr shouldcr rcmovably conncctcd to thc pin intcr- 
mcdiatc thc uppcr shouldcr and thc distal cnd of thc pin, 
said lowcr shouldcr having a largcr pcrimctcr than thc 
pin; and 

a controllcr having a convcntional stir welding mode and 
a sclf-reacting friction stir welding modc, and when in 
said convcntional friction stir wclding modc, onc of a 
forcc applicd by thc uppcr shouldcr and a discrcw 
position of onc of Lhc uppcr shouldcr and pin are 
controllcd by thc controllcr, and whcn in said self- 
reacting friction stir welding modc, thc force applicd by 
thc uppcr and lowcr shouldcrs and a dismtc position of 
the uppcr and lowcr shouldcrs arc conmllcd by thc 
control Icr. 

8. Thc friction stir welding tool of claim 7 further com- 
prising an uppcr forgc asscmbly opcrably couplcd to thc 
controllcr and thc uppcr shouldcr, and a lowcr forgc asscm- 
b!y opcrably couplcd to thc controiicr and thc pin, said uppcr 
forgc asxmbly configurcd to movc thc uppcr shouldcr up 
and down rclativc to thc pin axis, and said lowcr fogc 
asscmbly configurcd to movc thc pin up and down along thc 
pin axis. 

9. Thc friction stir welding tool of claim 7 funhcr com- 
prising a switch having a first and sccond position. and whcn 
said switch is in thc first position, said controllcr is in thc 
convcntional stir welding modc. and whcn in thc sccond 
position, said controllcr is in thc sclf-rcacting stir welding 
modc. 

10. A friction stir welding tool configurcd to pcrform I 
lcast onc of convcntional and sclf-rcacting friction stir 
welding on a workpiccc, said tool comprising: 

an uppcr shouldcr mcmbcr, said uppcr shouldcr mcmbcr 
rolationally drivcn during a welding opcration, and said 
upper shouldcr member having an uppcr shoulder, said 
upper shoulder adaptcd to bc movable toward and away 
from thc workpiece; 

an upper forgc assembly operably coupled to the upper 
shoulder for moving the upper shoulder towards and 
away from the workpiece; 

a pin extending through the upper shoulder member to 
contact the workpiece; 

a lower forge assembly opcrably coupled to the pin for 
moving the pin toward and away from the workpiece; 
and 

6 
a controller in communication with the upper and lower 

forge assemblies, said controller having a conventional 
friction stir welding mode and a self-reacting friction 
stir welding mode; 

wherein when in said conventional friction stir welding 
mode, said lowcr forge assembly controls one of a 
discrctc position of thc pin and a forcc of insertion of 
the pin into the workpiccc, and whcn in said sclf- 
reacting friction stir welding modc, said lowcr forgc 
asscmbly controls onc of a lowcr forging force applied 
through thc pin to a lowcr surface of a workpiccc and 
a discrctc position of thc lowcr shouldcr. 

11. Thc friction stir wclding tool of claim 10 further 
15 comprising a switch, said switch changing thc opcration of 

thc controllcr from convcntional stir welding modc to sclf- 
rcacting friction stir welding modc. 

12. Thc friction stir wclding tool of claim 10 whcrcin thc 
switch is uscr activatcd. 

13. Thc friction stir welding tool of claim 11 funhcr 
comprising a lowcr shouldcr movablc with thc pin bclow thc 
workpiccc and whcrcin thc switch is activatcd bascd on thc 
lowcr forging forcc rcponcd to thc conuollcr. 

14. Thc friction stir welding tool of claim 11 whcrcin thc 
25 pin has a conncctor, and a lowcr shouldcr mcmbcr is 

attachcd to the connector in an attached configuration with 
said lower shouldcr mcmbcr having a lower shouldcr con- 
tacting thc lowcr surface of thc workpiccc, and said lowcr 
shouldcr mcmbcr is not attached to thc connector in a 
disconnected configuration. 

15. A friction stir welding tool configurcd to perform at 
lcast onc of conventional and sclf-rcacting friction stir 
welding on a workpiccc, said tool comprising: 

an uppcr shouldcr mcmbcr rotationally drivcn during a 
welding opcration about a rotation axis. and said uppcr 
shouldcr mcmbcr having an uppcr shouldcr, said upper 
shouldcr adaptcd to bc lincarly movablc along thc 
rotation axis; 

an uppcr forgc asscmbiy opcrably couplcd to thc uppcr 
shouldcr for moving thc uppcr shouldcr linearly along 
thc rotation axis; 

a pin cxtcnding through thc uppcr shouldcr mcmbcr along 
thc rotation axis and having a distal cnd: 

a lowcr foqc asscmbly opcrably coupled io thc pin for 
moving thc pin along thc rotation axis indcpcndcntly of 
thc lincar movcmcni of thc uppcr shouldcr by thc uppcr 
forge asscmbly; and 

a controllcr in communication with thc uppcr and lowcr 
forgc asscmblics, said controllcr having a convcntional 
friction stir welding modc and a sclf-reacting friction 
stir welding modc; 

whcrcin whcn in said convcntional friction stir welding 
modc, said lowcr forge asscmbly controls one of a 
discrctc position of the pin and a force of thc pin along 
the rotation axis, and when in said self-reacting friction 
stir welding modc, said lower forge asscmbly conmls 
one of a lower forging force applied through thc pin to 
a lower surface of a workpiece and a discrete position 
of the lower shoulder. 

16. The friction stir welding tool of claim 15 further 
comprising a lower shoulder member, and wherein the pin 

65 further comprises a connector intermediate the upper shoul- 
der member and the distal end of the pin; said connector 
cooperating with the lower shoulder member in a connected 

1o 
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configuration to secure the lower shoulder member to the 18. The friction stir welding tool of claim 15 further 
pin, and said controller placed in the self-reacting friction comprising a switch changing the controller from the con- 
stir welding mode. ventional to the self-reacting friction stir welding mode. 

17. The friction stir welding tool of claim 16 wherein the 19. The friction stir welding tool of claim 15 wherein the 
lower shoulder membcr is not attachcd to thc pin in a 5 pin is initially provided with a lower shoulder. 
disconncctcd configuration, and said controller placed in the 
conventional friction stir welding mode. * * * * *  

I 

4 


