a2 United States Patent

US007490750B2

(10) Patent No.: US 7,490,750 B2

Trapp et al. 45) Date of Patent: Feb. 17, 2009
(54) METHOD AND APPARATUS FOR LOCALLY (56) References Cited
CLAMPING COMPONENTS THAT ARE TO
BE JOINED BY FRICTION STIR WELDING U.S. PATENT DOCUMENTS
3,705,701 A * 12/1972 Hunt ....cccovvverveeeneeennn. 248/544
(75) Inventors: Timothy J Trapp, Columbus, OH (US); 5460317 A 10/1995 Thomas
Timothy V Stotler, Columbus, OH (US) 5971,247 A * 10/1999 Gentry .....c.coccoeceeeneee 228/2.1
6,070,784 A 6/2000 Holt
(73) Assignee: Edison Welding Institute, Columbus, 6,237,829 Bl 5/2001 Aota
OH (US) 6,302,315 Bl 10/2001 Thompson
6,450,395 Bl 9/2002 Weeks et al.
(*) Notice: Subject to any disclaimer, the term of this 2’2;2’?22 g} : igggg (T:}(;lhgan """"""""" ggﬁ 3}
: : ,554, ompson .
%atselg T 52)((1?;1@(319? dadjuswd under 35 6,585,148 B2* 72003 Aono etal. ........... 228/112.1
S M ays. 6,595,403 B2 7/2003 Okamura
(21)  Appl. No.: 10/543,244 6,604,667 B2 8/2003 Schilling et al.
(22) PCTFiled:  Apr.9,2004 * cited by examiner
Primary Examiner—Kiley Stoner
(86) PCT No.: PCT/US2004/011149 Assistant Examiner—Frin B Saad
$371 (1) (74) Attorney, Agent, or Firm—David J. Dawsey; Michael J.
(2), (4) Date:  Jul. 25, 2005 Gallagher; Gallagher & Dawsey Co. LPA
57 ABSTRACT
(87) PCT Pub. No.: 'WO02004/091839 7
PCT Pub. Date: Oct. 28, 2004 The apparatus .(50) includes a friction stir. welding tool (100),
a local clamping means (200), and an interface (300) that
(65) Prior Publication Data joins the tool (100) and the local clamping means (200). The
local clamping means (200) is in close proximity to the at
US 2006/0102689 Al May 18, 2006 least one sidewall (130) of the tool (100) and has a housing
L. (210) and a plurality of contact devices (220). The local
Related U.S. Application Data clamping means (200) transfers a clamping force to the first
(60) Provisional application No. 60/462,007, filed on Apr. and the second components (C1, C2) and holds them firmly in
11, 2003. place during welding. The local clamping means (200)
includes a plurality of contact devices (220) that may take the
(51) Int.ClL form of casters, rollers (222), and ball bearings (224). The
B23K 20/12 (2006.01) location of the contact devices (220) is significant as external
(52) US.CL .o 228/2.1; 228/112.1; 156/580  clamping is greatly reduced, and often eliminated, as the
(58) Field of Classification Search .............. 156/580.1,  contact devices (220) are brought into close proximity to the

156/73.1,73.5; 228/212,30, 212.1, 2.1;
76/108.1
See application file for complete search history.

RP:

100 L@g

area of the weld.

12 Claims, 14 Drawing Sheets

200 ~_

210 o 210
| N
130 _i_ \_"L 160 50
_____ 4 - L ———
le ~220 . 220 Cz_i 4
4 [~ }
BP_A ) \ \\_
600— = (_4po\-112 300



U.S. Patent

[ OId

(LIv 301rad)

0zt
0IT | ﬁcz

\\\\\\\\\\\\\\\\\%%\\\\\\\\\\\\

X

=
) _
= |\\

‘

J 001"

g/

i

]

—D

e




U.S. Patent Feb. 17, 2009 Sheet 2 of 14 US 7,490,750 B2

RP&S 2éRS
100

C | J C
|
||
||
|

Cl~_ A | e ~C2

110 Q12() 110 “-BP

(PRIOR ART)

FIG. 2



U.S. Patent Feb. 17, 2009 Sheet 3 of 14 US 7,490,750 B2

100~ RP )SRS
N
200 )*;5=;;E %§§;~2@@

~_ —
210 L 210
130 | 160 50
, _ _ - | | - - -
| 290 LN Y220 I
) C]_"\ | ] C2 |
4y [~ K 14
BP_- /N N\
600— 1= (_1p0\-112 “—300

FIG. 3
‘f'ZOO
100 210
212
222D 222
130 “\_50

FIG. 4



U.S. Patent

120

Feb. 17, 2009

N

FIG. 5

Sheet 4 of 14 US 7,490,750 B2

—~—110



U.S. Patent Feb. 17, 2009 Sheet 5 of 14 US 7,490,750 B2




U.S. Patent Feb. 17, 2009 Sheet 6 of 14 US 7,490,750 B2




U.S. Patent Feb. 17, 2009 Sheet 7 of 14 US 7,490,750 B2




U.S. Patent Feb. 17, 2009 Sheet 8 of 14 US 7,490,750 B2

—




U.S. Patent Feb. 17, 2009 Sheet 9 of 14 US 7,490,750 B2

lnl”,u

5
Q”l'l[”




U.S. Patent Feb. 17, 2009 Sheet 10 of 14 US 7,490,750 B2




US 7,490,750 B2

Sheet 11 of 14

Feb. 17, 2009

U.S. Patent

&l OIA

ﬁ 0¢c

0tv ]

L

(S

y,
AN

NN
N

—01v

0¢¢

,W///%////AS@%
L

0¢c



US 7,490,750 B2

Sheet 12 of 14

Feb. 17, 2009

U.S. Patent

005 -

vl OId




U.S. Patent Feb. 17, 2009 Sheet 13 of 14 US 7,490,750 B2

100 RPE

200~ _ ; 2}‘-’}2@@
210
130

C1~220 | :
= )

BP_~ / / \
300— 112/ 1 U112 =300

140 50
FIG. 15




U.S. Patent Feb. 17, 2009 Sheet 14 of 14 US 7,490,750 B2

Weld Load and Roller Load as a function of Weid Length
Hydraulic Roller System vs. Local Clamp System
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METHOD AND APPARATUS FOR LOCALLY
CLAMPING COMPONENTS THAT ARE TO
BE JOINED BY FRICTION STIR WELDING

RELATED APPLICATIONS

This application claims the benefit of U.S. provisional
patent application Ser. No. 60/462,007, filed Apr. 11,2003, all
of'which is incorporated by reference as if completely written
herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was not made as part of a federally spon-
sored research or development project.

TECHNICAL FIELD

The present invention relates to the field of friction stir
welding; particularly, to a method and apparatus for locally
clamping components that are to be joined by friction stir
welding.

BACKGROUND OF THE INVENTION

Those in the wide ranging materials joining industries have
recognized the benefits of friction stir welding (FSW) since
its invention, only to be precluded from widespread applica-
tion due to a number of factors. One such long-recognized
need has been that of providing a simple, reliable, and inex-
pensive joint clamping mechanism that provides manufactur-
ing flexibility and overcomes the limitations of current
clamping systems.

FSW is a relatively simple method of solid phase welding
developed by The Welding Institute in the early 1990’s. The
process utilizes a specially shaped nonconsumable cylindri-
cal tool with a profiled probe, often threaded, extending from
a shoulder of the tool that is rotated and plunged into a joint
formed by abutting edges of the workpieces that are to be
joined until a surface of the shoulder contacts the surface of
the workpieces. The rotating tool plasticizes a region of the
workpieces around the probe and beneath the shoulder. The
tool is then advanced along the joint. The rotation of the tool
develops frictional heating of the workpieces and the tool
forces plasticized workpiece material from the leading edge
of the tool to the rear of the tool, while confining the plasti-
cized material from above by the shoulder, where it consoli-
dates and cools to form a high quality weld.

The FSW tool is generally formed as a cylindrical piece
with a shoulder face that meets a probe that projects from the
shoulder face at a right angle, as illustrated in U.S. Pat. Nos.
5,460,317 and 6,029,879. In some instances, the probe actu-
ally moves in a perpendicular direction in an aperture formed
in the face of the shoulder, as illustrated in U.S. Pat. Nos.
5,611,469, 5,697,544, and 6,053,391. The face of the shoul-
der may be formed with an upward dome that is perpendicular
to the probe, as illustrated in U.S. Pat. Nos. 5,611,479, 5,697,
544, and 6,053,391. The dome region and an unobstructed
shoulder face to probe interface are considered essential for
the proper frictional heating of the workpiece material. The
dome region serves to constrain plasticized material for con-
solidation at the trailing edge of the FSW tool so as to prevent
it from extruding out from under the sides of the tool.

Since FSW is a solid-state process, meaning there is no
melting of the materials, many of the problems associated
with other fusion welding methods are avoided, including
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porosity, solidification cracking, shrinkage, and weld pool
positioning and control. Additionally, FSW minimizes distor-
tion and residual stresses. Further, since filler materials are
not used in FSW, issues associated with chemical segregation
are avoided. Still further, FSW has enabled the welding of a
wide range of alloys that were previously unweldable. Yet
another advantage of FSW is that it does not have many of the
hazards associated with other welding means such as welding
fumes, radiation, high voltage, liquid metals, or arcing. Addi-
tionally, FSW generally has only three process variables to
control (rotation speed, travel speed, and pressure), whereas
fusion welding often has at least twice the number of process
variables (purge gas, voltage, amperage, wire feed speed,
travel speed, shield gas, arc gap, just to name a few). Perhaps
most importantly, the crushing, stirring, and forging of the
plasticized material by the FSW tool produces a weld that is
more reliable than conventional welds and maintains material
properties more closely to those of the workpiece properties,
often resulting in twice the fatigue resistance found in fusion
welds.

Despite all the advantages of FSW it has only found very
limited commercial application to date due to many difficul-
ties associated therewith, including both the machine cost as
well as the tooling cost. Machine cost refers to the cost of the
actual FSW apparatus, whereas tooling costs refers to the
actual tooling components as well as the clamps and related
support structure, or backing framework. Perhaps the greatest
difficulty to date has been associated with securely clamping
the workpieces during the welding process. Typically, when
the workpieces edges are abutted to create a joint, the work-
pieces must be rigidly clamped to a backing bar in a manner
that prevents the joint from being forced apart as the probe is
plunged into the joint. The tool is generally forced into the
workpieces at loads exceeding 500 pounds of force, while
rotating at hundreds of revolutions per minute. As a result, in
even the simplest joining procedures elaborate clamping sys-
tems are used in which a plurality of clamps is installed over
the entire length of each workpiece. Such clamping is
extremely time consuming to set-up and the required hard-
ware is expensive. As a result, FSW has been limited to welds
of simple travel paths on relatively simple components
thereby preventing widespread use of FSW, and particularly
FSW on components having complex curvature.

Prior FSW systems have utilized a plurality of rollers rig-
idly secured to the FSW apparatus to limit the depth that the
probe may enter the workpieces, as perhaps best illustrated in
U.S. Pat. No. 5,971,247. The prior art rollers have generally
been large and heavy, often having four or more rollers on
each workpiece, and are located away from the weld area.
Such rollers systems have generally only been practical in flat
table FSW setups wherein flat workpiece sheets are clamped
to a flat table and are then subjected to the FSW apparatus and
clamping rollers.

The instant invention addresses many of the shortcomings
of'the prior art and allows for previously unavailable benefits.
A method and apparatus for local clamping during the FSW
process has long been needed. The system of the present
invention is designed to overcome the clamping limitations of
FSW. The system of the present invention does not introduce
limitations into the FSW process and opens up the application
of FSW to a wide variety of applications which were previ-
ously uneconomical. The method and apparatus utilize
clamping means in the immediate vicinity of the FSW tool
thereby reducing, if not eliminating, much of the traditional
heavy clamping required in conventional FSW, and further
improving access to the weld joint, improving weld quality,
and significantly reducing manufacturing set-up time and















