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pieces to be joined using a "non-consumable" probe. This technique can be
used to join work- The invention relates to friction welding for  pieces or
the opposed sides of a workpiece in for joining two workpieces or two sides
of a workpiece.  example pipes and cracked materials and the like. Friction
welding has been known for many   5   The problems of the prior art
mentioned above are years and typically involves causing relative move-
overcome. In particular, the workpieces will not ment between a pair of
workpieces while they are  normally be urged towards each other but simply
urged together so as to generate a plasticised    restrained against
movement away from the joint region, stopping the relative movement and
allow-  region during passage of the probe. The probe ing the plasticised
region to solidify thereby joining   10  plasticises the portions of the
workpieces imme- the workpieces.                                   diately
adjacent the probe so that upon removal or It has also been proposed in the
past to join  translation of the probe these regions will imme- workpieces
by making use of a "non-consumable"    diately coalesce and solidify. The
problems of oxi- member which does not form part of the finished   dation
and the like are thereby avoided. joint. An example of this approach is
shown in US-  15  This method can be used to join workpieces A-4144110 in
which the two workpieces are urged   along a common. plane, as in butt
joints by heating together about a rotating wheel which causes the  and
disrupting a local zone formed between the plasticised region to be
generated. The two work-  components such that on cooling a common bond
pieces are also translated relative to the wheel so  is established as the
local active zone is translated that they are welded together along a joint
region.  20  along the joint. In particular the method generally Similar
techniques for welding straight-seamed    results in a mix of the two
abutting surfaces, often metal pipes are disclosed in SU-A-1433522 and
at temperatures below the true melting point of the SU-A-1362593. The
problem in all these cases is   materials to be joined. that the zone which
is heated is displaced from the  The materials can be metals, alloys or
com- point at which the workplaces or sides of the pipe   25  pound
materials such as MMC, or suitable plastic are urged together with the
result that such tech-  materials such as thermo-plastics. niques would
need to be carried out in carefully     In some cases, the workpieces are
joined at controlled atmospheres to prevent oxidation of the  spaced
locations along the joint region, the probe plasticised region in for
example aluminium.      being withdrawn from one point, traversed to the
JP-A-61176484 discloses a technique using   30  next point and then
reinserted between the work- "consumable" spinning plugs which are
positioned  pieces. Preferably, when the joint region has an between
opposed faces of the workpieces and       elongate dimension extending
laterally between the cause the generation of plasticised regions within
workpieces, the method further comprises causing the workpieces and within
themselves so that as   relative translational movement between the work-
the workpieces are urged together the spinning   35  pieces and the probe
in the direction of the joint plugs are accumulated into the plasticised
region  region. and thereby form part of the resulting joint. This is  In
one example of the method a substantially a complex procedure requiring the
ability to rotate  non-consumable probe is inserted between the ma- a
multitude of spinning plugs and to ensure that the  terials to be joined in
say a butt joint configuration plug material is compatible with the
material of the   40  and rotated to produce frictional heating. With
suffi- workpieces. A similar approach is described in JP-  cient heating a
layer of plasticised material is A-57-149082.
formed around the probe generally composed of In accordance with the
present invention, a    both materials to be joined, such that on slowly
method of joining workpieces defining a joint region  traversing the
rotating probe along the joint line, therebetween comprises carrying out
the following   45  the plasticised material is spread along the joint.
steps without causing relative bodily movement    On cooling, the
plasticised material bonds the com- between the workpieces: causing a probe
of ma-    ponents together as desired. terial harder than the workpiece
material to enter   In some examples, the probe has an elongate the joint
region and opposed portions of the work-  axis and undergoes cyclic
movement, for example pieces on either side of the joint region while  so
a reciprocating movement, in a direction generally causing relative cyclic
movement between the      parallel with its elongate axis. The probe can
then probe and the workpieces whereby frictional heat is  be moved to allow
the workpieces to be joined generated to cause the opposed portions to take
together. up a plasticised condition; removing the probe; and  In all these
methods, the probe may have a allowing the plasticised portions to solidify
and join  55  substantially circular cross-section. the workpieces
together.                             In another example the probe is in
the form of This technique, which we refer to as "friction  a slightly
tapering cylinder so that it may be in- stir butt welding" enables a wide
variety of work-  serted from  one side of the joint, forming a 3    
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layer to the depth of penetration of the  ciprocating motion multiple butt
joint in amor- probe.                                                phous
thermoplastic material, and a reciprocat- In yet another example, a probe
blade is recip-   ing motion butt joint in 6.6mm glass fibre re- rocated in
the through thickness direction to pro-   inforced material respectively;
duce heating of the joint such that on traversing   5  Figures 10a, b,c,d,e
& f are various sections along the joint line the plasticised material
passes   showing three arrangements of an overlap joint, around the blade
and on cooling consolidates the      a butt joint in thick PVC, a multiple
butt joint joint.                                                with at
least one transparent thermoplastic ma- Preferably the plasticised material
is restrained  terial and a butt joint in a glass fibre reinforced from
extruding from the joint region, for example  10    thermoplastic material
respectively using the by a suitable cap or shoe which closely fits the
method of Figure 5; workplace surface. In a further example of the
Figure 11 is an isometric view of a variation of probe method, the probe
may be heated prior to       the method of Figure 5 for making a scarf
joint; frictioning by other means such as electric resis-    Figures 12,
a,b & c are an isometric view, end tance (Joule) heating. In the latter
case the probe  15  view and plan respectively of a third example; may
conveniently take the form of a thin blade or     Figures 13a, b, and c
show various examples of knife which is pressed into the joint line forming
probe shape for use with the method of Figure heated or plasticised
material from the material of   12; and, the components to be joined by
frictioning as de-     Figures 14a and 14b are a schematic view of a
scribed above. This again on cooling bonds the   20    further process and
a macro-section (x4) of an components along their common joint line.
arrangement with two passes above and below One advantage of the method
according to the      the plates. invention is that the depth of operation,
and hence    In the example shown in Figure 1, a pair of the depth of
suitably heated or plasticised material  aluminium alloy plates 1A, 1B are
butted together is accurately controlled and known in advance.  25  about a
joint line 2. A non-consumable probe 3 of Another advantage is that the
butting surfaces  steel having a narrow central, cylindrical portion 4 are
directly acted on by the probe, and that bond  positioned between upper and
lower sections 5,6 is defects (flat spots) on the joint faces are
inherently  brought to the edge of the joint line 2 between the minimised
or prevented.                            plates 1A, 1 B. The probe 3 is
rotated by a motor 7 A further advantage of the method according to  so
while the probe is traversed in a direction 8 and the invention is that a
given tool can be utilised for  while the plates are held against lateral
movement long seams without limit, and that relatively deep  away from the
probe 3. The rotating probe 3 pro- joints can be made in one pass.
duces a local region of highly plasticised material Some examples of
methods according to the       around the steel "pencil" portion 4 while
top and invention will now be described with reference to  35  bottom
constraint is provided by the sections 5,6. the accompanying drawings, in
which:-                 It should be noted that the constraining faces
Figure 1 is an isometric view illustrating one   of the sections 5,6 are
close fitting onto the sheets method;
1 A, 1 B to be joined to avoid loss of material from Figures 2a and 2b are
side elevations of two     the plasticised zone. The rotating member 3 or
the different rotating members;                 40  bobbin can be
manufactured in one piece as Figure 3 is a macro-section through a joint in
shown in figure 2a, with a preset gap (typically aluminium alloy using the
method of figure 1;    3.3mm) between the faces 5A, 6A. Figure 4 is a plan
illustrating the flow of         Alternatively, the bobbin may be
demountable plasticised material and surface marking with    and the two
parts 5,6' secured, for example, by a respect to the joint line;
45  cotter pin 9, as shown in figure 2b. For this it is Figure 5 is an
isometric view illustrating a sec-  convenient to drill a hole
corresponding to the pin ond method;
diameter in the butting sheets to be joined and the Figures 6a, b & c are
examples of blades used   two parts 5,6' of the bobbin brought together
firmly in reciprocating motion;                         onto the sheets
before securing. Furthermore, the Figure 7 is a cross section (X7.5)
through a butt  50  gap may be made adjustable over a short distance joint
in 6mm thick amorphous thermoplastic ma-   by a suitable cam lever or
eccentric (not shown) to terial made using the method of Figure 5;
allow for variation in the thickness of the sheets to Figure 8 is a cross
section through a butt joint in  be joined from nominal values. Yet again,
the com- 6mm  thick semi-crystalline thermoplastic ma-    ponent parts of
the bobbin may be suitably spring- terial using the method of Figure 5;
55  loaded so that a tight fit is maintained in spite of Figures 9a-9c are
macro-sections showing a       small variation in the sheet thickness. In
all cases 12mm  thick overlapped (i.e. two 6mm  thick     to avoid
pre-drilling a suitable hole in the butting sheets) amorphous thermoplastic
material, a re-  sheets to be joined, a suitable run-on (and run-off) 4    
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utilised. For example, a split piece of   Figure 5 shows a further method
according to similar material to that being joined can be fas-  the
invention by which the heating is obtained from toned around the pin of the
rotating member and   a reciprocating blade 11 about which plasticised
pressed against the starting edge of the sheets to  material is formed, and
which is passed along the be joined, so that as plasticised material is
formed   5   joint line 2. As previously the mechanical motion there is
minimum space for escape and a uniform   generates frictional heat in the
plasticised material zone is formed throughout the length of the seam
which, with traverse, flows from the beading to the to be joined.
trailing edges of the blade 11 and on cooling The butting faces 5A,6A of
the bobbin may be   completes the butt joint between the materials to
machined substantially square but preferably are  10  be joined. The blade
11 can be reciprocated from provided with a slight chamfer on the outer
edges  one side only or between two synchronized heads (Figure 2a). In use
it can be observed whether the  on either side of the materials. For making
the buff top and bottom faces are in good contact with the  joint, the
sheets 1A,1B are placed in contact but materials to be joined by the
visibly polished zone  generally without an abutment load prior to travers-
corresponding in width to the diameter of the faces  15  ing the blade 11
along the joint line. If necessary up to the chamfer. Alternatively, and
particularly for  guard plates can be mounted above and below the the
spring loaded version, the face can be slightly  materials to be joined to
prevent excessive dis- domed with a radius of the order of 0.1m or great-
placement of plasticised material out of the joint er, such that a contact
zone corresponding to the  zone. Also for some materials a degree of pre-
applied spring load is developed of sufficient width.  20  heating the
blade 11, eg., by passing an electric Preferably the width of this contact
zone should be  current down the length of the blade can add to the at
least 50% greater than the diameter of the pin  heating due to rapid
mechanical shear in the generating plasticised material.
plasticised zone. With suitable bobbins as described the rotating
Although a simple thin rectangular blade 11 member can be driven via a
spline such that it  25  can in principle be used, it is preferable for the
floats according to the materials being joined  With  reciprocating blade
to be shaped in cross section pre-machined components in a suitable jig
then a  and in particular to have a relatively narrow wedge floating head
is not necessary and a preset bobbin  shaped trailing edge. A double wedge
profile is can be used.                                      shown in Fig.
6a where the overall length in the A joint via the above method using a two
part  30  direction of travel is preferably between 5 and 15 bobbin is
shown in Figure 3 for an aluminium      times the width. The width should
be as small as silicon  magnesium  alloy  (BS6082), nominally
convenient, such as around 1mm, and the blade 3.2mm thick. The overall
width of the heat affected  made of material which is sufficiently strong
at the zone is approximately 9mm wide corresponding to   melting point
temperatures of the thermoplastic, ie., the contact zone on a chamfered
bobbin. For this a   35  at temperatures between 250 and 300 * C to with-
6mm diameter pin was rotated at 1500rpm (periph-  stand the mechanical
forces and in particular to not oral speed of approximately 0.47m/sec) and
tra-   buckle. For example, tool steel or other hard steel versed along the
joint line at 370mm per minute. It  can be ground into the shape desired
and the should be noted that the contact faces of the     surface polished
to give a fine finish. Where desir- bobbin contribute to the heat input as
well as the   40  able, the blade can pass through guard plates to heating
provided by the rotating pin and corre-   prevent excessive plasticised
material being taken sponding plasticised zone. For lower rotational   out
of the joint zone, and these guard plates may rates the travel rate is also
reduced, such as at  also be made of tool steel and lined with a low
800rpm, a suitable travel speed is 190mm per      frictional resistance
material such as PTFE. The minute. Excess travel speed leads to void forma-
45  double wedge shape is particularly useful for mov- tion or lack of
consolidation of the plasticised ma-  ing in either direction along the
common joint line. terial.                                              A
single ended wedge is shown in Fig. 6b As illustrated in figure 4, the
plasticised ma-  where preferably the overall length is between 3 terial is
swept around the rotating probe 4 such that  and 10 times the width and the
leading edge is voids, if any, tend to form on the side where the   so
rounded. This shape is used with the rounded end rotating surface is moving
in the same direction as  in the direction of travel along a straight joint
line the travel along the joint (advancing edge). It ap-  and can also be
used for joining along a curved pears there is no difficulty in obtaining
complete  line of relatively large radius. A further arrangement
consolidation with the plasticised material filling the  for curved joints
is shown in Figure 6c, where the joint zone in other regions, particularly
on the side  55  trailing edge is curved in section to correspond where the
rotating surface is against the direction  approximately with the curvature
of the joint line. of travel of the bobbin through the material (retreat-
For the reciprocating blades the displacement ing edge).
is preferably equal to or less than half the overall    7
EP 0 615 480 B1                   8 



thickness of the material being joined, ie., [err] 3mm  material has formed
the joint. Higher travel speeds or less for 6mm sheet and so forth. Greater
strokes  can be used but speeds in excess of 90mm per lead to excessive
loss of material from the joint and  minute lead to the occurrence of voids
or other consequent voids or porosity. It is noted that the  porosity in
the joint. plasticised material tends to cling to the blade and   5
Various examples of different joints in thermo- is pulled and pushed with
reciprocating motion in  plastic material using a reciprocating blade is
the through thickness direction. Operating condi-  shown in Fig. 10. A
simple seal between overlap- tions are chosen such that the build up of
plasticis-  ping sheets is shown in Fig. 10a, the solid line 12 ed material
on the blade is avoided or minimised.  indicating the line along which the
probe or blade The frequency of reciprocating motion depends  10  extends.
This method may also be adapted as partly on the amplitude, and partly on
the material  sketched in Fig. 10b and c, for the joining of two being
joined. Preferably the maximum (sinusoidal)  sheets of similar thickness.
Fig. 9a shows a real velocity in the mid stroke position is in the region
joint similar to Figure 10a between two sheets of of 0.5m/sec to 5 m/sec.
For materials such as     clear PVC 6mm thick with the same operating
polyethylene and PVC the preferred velocities are  15  conditions as for
Fig. 7 of stroke [err] 3mm and in the range of 0.75 metre per second to 4.5
frequency around 47Hz. The travel rate used was metres per second. The
higher velocities lead to  still 30mm per minute in spite of the double
thick- greater heating and in the limit to degradation of  ness 12mm total.
the thermoplastic material.                          Another arrangement
suitable for the joining or To assist in initiation of the seam the
recipro-  20  sealing is shown in Fig. 10e where two 3mm cating blade 11
can be preheated prior to the     sheets are joined to one 6mm thick sheet
in a butt frictional operation. Any convenient method can be
configuration. A clear plastic such as clear PVC used ie., Joule heating of
the blade, or heating by  enables the joint to be inspected for quality.
This is hot gases, or maintaining the blade in a preheated  shown in
macrosection in Figure 9b. A further joint sheath prior to use. Where
advantageous the blade   25  is shown in Fig. lOd where for thick plate the
ends may also be electrically heated in use as well as  have been upset to
give an extended joint area. For developing thermal energy through
mechanical      this the stroke may be for example [err] 13mm at a work.
frequency of around 53Hz giving a maximum ve- A typical joint in an
amorphous thermoplastic  locity of around 4.3 metres per second. With a
material - white polyethylene - is shown in Fig. 7   30  travel speed of
40mm per minute the overall joining for 6mm thick material. For this the
blade stroke  rate is around [err] per second of butting sec- was
approximately  3mm at around 47Hz giving a   tion. maximum sinusoidal mid
stroke speed of 0.88 me-      Finally, Fig. 10f (and Figure 9c) shows a
joint tre per second. The butt joint is completed at a rate  between fibre
reinforced polyethylene with a 20% of 30mm per minute giving an overall
joint comple-  35  by weight inclusion of short glass fibres. Conditions
tion rate (depth and length per unit time) of [err]  similar to those used
for Fig. 7 were employed with per second. It should be noted that this
greatly  30mm per minute travel rate for material 6.5mm exceeds that
possible with the hot gas welding   thick. A joint strength in the order of
50% of the technique which is commonly used, and which for   parent
material or about 80%  of the plain un- this thickness would require
several passes. A sim-  40  reinforced polyethylene was obtained. ple
tensile test across the butt joint as-welded     It should be noted that
these nominal tensile shows a strength well in excess of 50% of the
strengths are for as-welded specimens and that parent material alone. It is
also noted that the joint  with further combinations of parameters to
provide is virtually free from pores or flat spot areas and  an optimum
result strengths approaching that of a provides a narrow bead on the top
and bottom   45  parent material should be obtainable. surfaces of the butt
joint. The bead profile does not  An alternative approach to increase the
effec- exhibit the central re-entrant angle commonly found  tive joint
strength is shown in Fig. 11 where with in thermoplastic materials joined
by the hot butt  the same reciprocating blade 11 a scarf joint is
techniques.                                       made between two abutting
sheets 13,14 having A typical butt joint in a semi-crystalline material  50
sloped edges 13A,14A defining a joint region 15. - clear PVC - is shown in
Fig. 8 for 6mm thick    This arrangement also allows the two sheets 13,14
sheet joined under similar conditions to that for the  to be held in
position via rollers 16,17 and any polyethylene material with a travel rate
of 30mm  tendency to pull apart restrained. per minute. Again a simple
tensile test shows        It should be noted that the end load in the
strength above 50% of parent material alone with a   55  direction of
travel of the reciprocating blade 11 good profile with top and bottom
beads. The sec-  under suitable joining conditions is relatively low tion
Fig. 8 shows the flow lines of the heat affected  and only a simple
traverse mechanism is required material, as well as the zone where the
plasticised  to maintain uniform motion. 6    9                 EP 0 615
480 B1                   10 



Alternatively and particularly for thin sheet be-  ness, or only partially
penetrating the thickness, low, 10mm, it is possible to use a hand tool
similar  and may lie in parent material, or a heat affected to a
conventional jig saw for achieving the joint  zone in the material, such as
adjacent to a weld or between butting or overlapping plastic materials.  in
a weld itself. The method of Figure 12 is gen- For curved joint lines a
relatively thin blade of small   5   erally suitable for a partially
penetrating crack, al- longitudinal dimension such as 1mm x 4mm of the
though in principle a fully penetrating method such general shape shown in
Fig. 6c is desirable. Such  as that shown in Figure 5 could also be
utilised. hand tools can also be fitted with caterpillar type  The
technique is essentially similar to that already crawler tracks to maintain
a uniform forward ve-  described, where preferably the probe is inserted
locity. The tracks may be made with rubber im-   10  into the parent
material (to the depth of the crack at pregnated track faces or partially
evacuated to im-  least) before passing along the crack interface, to prove
traction and adherence to the surface of the  generate plasticised material
by frictional heating plastic material.
which on cooling consolidates the material where In the example of Figure
12 the non-consum-    the crack previously existed. The end of the crack
able member has a slightly tapered cylindrical  15  in the direction of
travel can be consolidated in probe 18 at its leading end, which is pressed
various ways. For example the probe can be left in- against and becomes
inserted between the plates   situ or, alternatively, a pass made in the
reverse 1 A,1 B, but does not extend completely through the  direction and
overlapped with the initial pass so thickness of the materials being joined
as shown in  that the termination of the reverse pass lies in a Figure 12b.
The surface appearance of the plates  20  region away from the original
crack site. after the butt welding operation is shown in Figure  A similar
technique for making a local joint or 12c for the upper surface.
weld but without traversing the tool for generating The shape of the probe
is important. A simple  frictional heating can be utilised for a probe
applied conical point (Figure 13a) enables the probe to   to one-side of
the material. Here for example the enter the plates butted together
relatively easily but  25  plasticised material formed is utilised to
stitch to- results in a narrowing of the plasticised region near  gether
two components at discrete intervals along the apex of the probe.
Alternatively, a truncated  their common interface. In like manner a crack
can cone, such as shown in Figure 13b, requires pref-  be held together by
local plasticised material at erably a pre-drilled depression in the
butting sheets  one or more regions along its length. to be joined.
Preferably the probe is of a slightly  30  These and other variations of
the method ac- tapered cylindrical form with a blunt nose, as    cording to
the invention in which plasticised ma- shown in Figure 13c. This enables
the probe to be  terial is generated by frictional shear from a sepa-
pressed against the sheets so that it becomes     rate component inserted
into the parent material Inserted forming a plasticised zone around the
and which on cooling consolidates the material or probe which travels along
the joint seam as pre-  35  surrounds the component to restrain it in the
ma- viously described.                                terial is within the
scope of this invention. For a joint between aluminium alloy plates
In all these examples, the result of the welding 6mm thick made by the
method illustrated in Fig-  operation is an extremely smooth finish on the
ure 12, the probe may be rotated at 850rpm and    surfaces of the plates
which is a particular advan- traversed along the joint line at 240mm per
minute.  40  tage of this process. This can be improved by Higher
rotational speeds, such as 1000rpm, enable  providing Ferodo brake material
on the facing sur- greater travel rates to be used up to say 300mm   face
of the non-consumable probe. Typically the per second, but increasing the
travel rate exces-  rotational speed of the non-consumable will be sively
leads to the formation of pores along one  between 300 and 600 rpm and the
traverse rate of side as was found with the parallel sided arrange-  45
the workpiece is in the range of 1 to 6mm/sec. ment of Figure 1.
Alternatively, the rotational speed  Typically, the non-consumable will be
made of an can be reduced such as down to 300rpm with a      alloy steel.
corresponding reduction in travel rate. For a given  Specimens have been
produced and subjected travel speed there is a reasonable tolerance in   to
mechanical tensile and hammer bend tests as rotational rates such as at 4mm
per second   50  well as metallurgical evaluation which have dem- (240mm
per minute) for the aluminium silicon mag-  onstrated the practicability of
the process. nesium alloy (BS6082) satisfactory results are ob-   The
advantages of the process can be sum- tained for rotational speeds between
440 and      marised as follows: 850rpm.
Non-consumable technique The method described with respect to Figures  55
Continuous - unlimited length 1, 5 and 12 can be applied to the joining
together    No preparation of the abutting faces of a crack in a given
material  Reasonable smooth finish or component. The crack may be in the
full thick-     Good mechanical properties 7    11                EP 0 615
480 B1                      12 



Solid phase,                                   6. A method according to any
of claims 1 to 5, Low distortion                                    wherein
the workpieces comprise separate Limited axial load ie. no axial feed only
light   members. contact Key hole technique                        5   7. A
method according to any of the preceding Portable equipment KAT driven
claims, wherein the probe has an elongate axis Joint can be produced from
one side               and undergoes cyclic movement in a direction Simple
to use                                     generally parallel with its
elongate axis. Low cost capital equipment Fast freeze 5G position
10  8. A method according to claim 7, wherein the Examples of applications
of the technique in-     cyclic movement is a reciprocating movement.
clude: Autogenous key hole technique, Plate fabrica-  9. A method according
to any of the preceding tion in ship building, Pipe butt welding, Aluminium
claims, wherein a cross-section through the Armour plate, Pipe seam,
Fracture repair, Plastic  is  probe is substantially circular. welding, and
fabrication of joists etc. PatentansprUche Claims 1. Verfahren zum
Verbinden von WerkstOcken 1. A method of joining workpieces (1A,1B) defin-
20  (IA, 1 B), die einen Verbindungsbereich (2) zwi- ing a joint region (2)
therebetween, the method   schen sich begrenzen, bei dam die folgenden
comprising carrying out the following steps       Schritte ausgeflhrt
werden, ohne elne relative without causing relative bodily movement be-
korperliche Bewegung zwischen den Werk- tween the workpieces: causing a
probe (3) of      stUcken auszuflhren: in den Verbindungsbe- material
harder than the workpiece material to  25  reich (2) und den sich
gegenlberliegenden enter the joint region (2) and opposed portions   Teilen
der WerkstUcke auf beiden Seiten des of the workpieces on either side of
the joint     Verbindungsbereiches wird eine Sonde (3) aus region while
causing relative cyclic movement     einem hirteren Material als das
WerkstOckma- between the probe and the workpieces where-       terial
eingefUhrt, wahrend eine relative zykli- by frictional heat is generated to
cause the   3o  sche Bewegung zwischen der Sonde und den opposed portions
to take up a plasticised con-    WerkstOcken bewirkt wird, so daB Reibungs-
dition; removing the probe (3); and allowing the  warme erzeugt wird, die
bewirkt, daB die sich plasticised portions to solidify and join the wor-
gegentberliegenden Teile einen plastifizierten kpieces together.
Zustand einnehmen; dann wir die Sonde (3) 35      entfemt und den
plastifizierten Teilen das Er- 2. A method according to claim 1, wherein
the         harten und Verbinden der WerkstUcke gestat- joint region (2)
has an elongate dimension ex-    tet. tending laterally between the
workpieces, the method further comprising causing relative    2. Verfahren
nach Anspruch 1, bei dam der Ver- translational movement between the work-
40      bindungsbereich (2) eine langgestrecke Form pieces and the probe in
the direction of the      hat, die sich seitlich zwischen den WerkstOk-
joint region.                                     ken erstreckt, und femer
eine translatorische Relativbewegung zwischen den WerkstUcken 3  A method
according to claim 1 or claim 2,          und der Sonde in Richtung des
Verbindungs- wherein the probe (3) extends through the   45    bereiches
bewirkt wird. thickness of the workpieces (1A,1 B). 3. Verfahren nach
Anspruch 1 odor Anspruch 2, 4. A method according to any of claims 1 to 3,
bei dam sich die Sonde (3) durch die Dicke wherein the probe (3) has an
elongate axis        derWerkstOcke(lA,1B)hindurcherstreckt. which
substantially intersects the joint region   so and extends substantially
parallel with the    4. Verfahren nach einem der AnsprUche 1 bis 3, sides
of the workpiece defining the joint region.  bei dam die Sonde (3) eane
langgestreckte Achse hat, die den Verbindungsbereich im we- 5. A method
according to any of claims 1 to 3,       sentlichen kreuzt und sich
weitgehend parallel wherein the probe defines an elongate axis  55    zu
den Seiten des WerkstUcks erstreckt, die which extends in a direction
substantially trans-  den Verbindungsbereich begrenzen. verse to a plane
parallel with the joint region. 8    11           EP 0 615 480 B1
12 C  L  M  S 



Solid phase,                                   6. A method according to any
of claims 1 to 5, Low distortion                                    wherein
the workplaces comprise separate Limited axial load ie. no axial feed only
light   members. contact Key hole technique                        5   7. A
method according to any of the preceding Portable equipment KAT driven
claims, wherein the probe has an elongate axis Joint can be produced from
one side               and undergoes cyclic movement in a direction Simple
to use                                     generally parallel with its
elongate axis. Low cost capital equipment Fast freeze 5G position
1o  8. A method according to claim 7, wherein the Examples of applications
of the technique in-     cyclic movement is a reciprocating movement.
clude: Autogenous key hole technique, Plate fabrica-  9. A method according
to any of the preceding tion in ship building, Pipe butt welding, Aluminium
claims, wherein a cross-section through the Armour plate, Pipe seam,
Fracture repair, . Plastic  75  probe is substantially circular. welding,
and fabrication of joists etc. PatentansprUche Claims 1. Verfahren zum
Verbinden von WerkstUcken 1. A method of joining workpieces (1A,1B) defin-
20  (1A, 1 B), die elnen Verbindungsbereich (2) zwi- ing a joint region (2)
therebetween, the method   schen sich begrenzen, bei dem die folgenden
comprising carrying out the following steps       Schritte ausgafUhrt
werden, ohne eine relative without causing relative bodily movement be-
korperliche Bewegung zwischen den Werk- tween the workpieces: causing a
probe (3) of      stlcken auszufUhren: in den Verbindungsbe- material
harder than the workpiece material to  25  reich (2) und den sich
gogen~berliegenden enter the joint region (2) and opposed portions   Teilen
der WerkstUcke auf beiden Seiten des of the workpieces on either side of
the joint     Verbindungsbereiches wird eine Sonde (3) aus region while
causing relative cyclic movement     einem hArteren Material als das
Werkstackma- between the probe and the workpieces where-       terial
eingefOhrt, wahrend eine relative zykli- by frictional heat is generated to
cause the   3o  sche Bewegung zwischen der Sonde und den opposed portions
to take up a plasticised con-    Werkstlcken bewirkt wird, so daB Reibungs-
dition; removing the probe (3); and allowing the  wArme erzeugt wird, die
bewirkt, daB die sich plasticised portions to solidify and join the wor-
gegenfberliegenden Teile einen plastifizierten kpieces together.
Zustand einnehmen; dann wir die Sonde (3) 35      entfernt und den
plastifizierten Teilen das Er- 2. A method according to claim 1, wherein
the         hArten und Verbinden der WerkstUcke gestat- joint region (2)
has an elongate dimension ex-    tet. tending laterally between the
workpieces, the method further comprising causing relative     2. Verfahren
nach Anspruch 1, bel dem der Ver- translational movement between the work-
4o      bindungsbereich (2) eine langgestrecke Form pieces and the probe in
the direction of the      hat, die sich seitlich zwischen den Werkstilk-
joint region.                                     ken erstreckt, und ferner
eine translatorische Relativbewegung zwischen den Werkstflcken 3. A method
according to claim 1 or claim 2,          und der Sonde in Richtung des
Verbindungs- wherein' the probe (3) extends through the   45   bereiches
bewirkt wird. thickness of the workpieces (1A,1 B). 3. Verfahren nach
Anspruch 1 odor Anspruch 2, 4. A method according to any of claims 1 to 3,
bei dem sich die Sonde (3) durch die Dicke wherein 'the probe (3) has an
elongate axis       der Werksetcke (1 A, 1 B) hindurch erstreckt. which
substantially intersects the joint region   5o and extends substantially
parallel with the    4. Verfahren nach einem der Ansprache 1 bis 3, sides
of the workpiece defining the joint region.  bei dem  die Sonde (3) eine
langgestreckte Achse hat, die den Verbindungsbereich im we- 5. A method
according to any of claims 1 to 3,       sentlichen kreuzt und sich
weitgehend parallel wherein the probe defines an elongate axis  ss    zu
den Seiten des Werkstfcks erstreckt, die which extends in a direction
substantially trans-  den Verbindungsbereich begrenzen. verse to a plane
parallel with the joint region. 8    13                EP 0 615 480 B1
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5. Verfahren nach elnem der AnsprOche 1 bis 3,        axe allong6 qui
recoupe sensiblement la r6gion bei dem die Sonde (3) elne langgestreckte
de jointure et qui s'6tend sensiblement paralle- Achse definiert, die sich
weitgehend quer zu      lement aux c8t6s de la piece qui definissent la
einer zu dem Verbindungsbereich parallelen        region de jointure. Ebene
erstreckt.                          5 5. Proced6 selon l'une quelconque des
revendi- 8. Verfahren nach einem der AnsprOche 1 bis 5.        cations 1 a
3, dans loquel la sonde definit un bei dem die WerkstUcke getrennte
Bauteile         axe allong6 qui s'6tend dans une direction bilden.
sensiblement transversale a un plan parallble A 10     la r6gion de
jointure. 7. Verfahren nach einem der vorstehenden An- sprUche, bei dem die
Sonde (3) eine langge-    6. Procede selon P'une quelconque des revendi-
streckte Achse hat und eine zyklische Bewe-       cations 1 a 5, dans
loquel les pieces compren- gung in einer zu ihrer langgestreckten Achse
nent des 6lments s6pares. weitgehend parallelen Richtung ausf~hrt.  15 7.
Procede solon l'une quelconque des revendi- a  Verfahren nach Anspruch 7,
be! dem die zykli-      cations precedentes, dans lequel la sonde a un sche
Bewegung eine Hin- und Herbewegung           axe allonge et subit un
mouvement cyclique ist.                                              dans
une direction gneralement parallele a 20      son axe allonge. 9. Verfahren
nach elnem der vorstehenden An- sprUche, bei dem ein Querschnitt durch die
8. Procedd selon la revendication 7, dans lequel Sonde weitgehend
kreisformig ist.                 le mouvement cyclique est un mouvement de
va-et-vient. Revendlcatlons                               25 9. Procdd4
selon l'une quelconque des revendi- 1. Procdd6 pour reunir des pieces a
oeuvrer (1A,      cations precedentes, dans lequel une section 11B), en
definissant une region de jointure (2)   transversale a travers la sonde
est sensible- entre celles-ci, le procddd comprenant l'exe-     ment
circulaire. cution des etapes suivantes, sans provoquer  30 de mouvement
corporel relatif entre les pieces on ambne une sonde (3) d'un materiau plus
dur quo le mat~riau des places a penetrer la region de jointure (2) et des
parties oppos~es  35 des pieces de part et d'autre de la region de jointure
tout en provoquant un mouvement cy- clique relatif entre la sonde et les
pibces, gra- ce a quo! on engendre une chalour de friction pour amener les
parties oppos6es a adopter  40 une condition plastifi~e ; on enlave la
sonde (3), et on permet aux parties plastffiees de se solidifier et de
reunir les plices l'une a l'autre. 2. Proc6d6 selon la revendication 1,
dans lequel  45 la region de jointure (2) a une dimension allon- gee qui
s'4tend lateralement entre les places, le proced6 comprenant en outre
l'etape consis- tant & provoquer un mouvement de translation relatif entre
les pibces et la sonde dans la  5o direction de la region de jointure. 3
Procede solon l'une ou I'autre des revendica- tions 1 et 2, dans lequel la
sonde (3) s'4tend A travers l'epaisseur des piaces (1A, 1 B).  55 4.
Proced6 solon l'une quelconque des revendi- cations 1 a 3, dans loquel la
sonde (3) a un    


