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(57) Abstract: A process for welding a plurality of parts in a single
production run includes arranging separate components of each part
along an axis of rotation, to form a stack having first and second ends.
The first and second ends of the stack are gripped using a tool, and
sufficient force is applied to maintain the components in stacked ar-
rangement. The stack is rotated about the axis of rotation and laser
welding is performed along a plurality of weld lines, each weld line
for welding together the separate components of one part. In particu-
lar, using a remote laser-welding tool, a plurality of tack welds are ap-
plied along each weld line to hold together the components of the sep-
arate parts. Subsequently a circular weld is formed along each weld
line, thereby consuming the plurality of tack welds and forming each
part of the plurality of parts.
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METHOD OF LASER BEAM REMOTE WELDING OF MULTI-PARTS WITHOUT
RIGID CLAMPING

[0001] This application claims priority from United States Provisional Patent
Application No. 61/483,145, which was filed on May 6, 2011, the entire contents of

which are incorporated herein by reference.
FIELD OF THE INVENTION

[0002] The instant invention relates generally to a method and system for laser welding
of multiple parts, and more particularly to a method and system for laser welding of
multiple parts of small size in one production step and with simplified fixturing for

supporting high volume production, such as for instance in the automotive industry.
BACKGROUND OF THE INVENTION

[0003] Automobiles, trucks and other vehicles are made by welding together metal
beams and panels to form a chassis, a body and various other parts. The welding process
is highly automated in modern factories, with robots typically being utilized to perform
the weld and also to handle the parts. Types of welding that are common in the
automotive industry include resistance spot welding, friction stir welding, metal inert gas

(MIG) welding and laser welding.

[0004] Changing societal priorities, and the concomitant tightening of government
regulations requiring reduced vehicle emissions and increased fuel efficiency, have
triggered a recent wave of efforts that are aimed at reducing the weights of the parts that
are put into new vehicles. Vehicle weight, which is only one of several factors that
influences fuel efficiency, may be reduced as a result of using lighter-weight materials,
reducing the number of parts that make up the vehicle, and reducing the physical size of
the various parts. Unfortunately, some of the traditional welding technologies, such as
MIG welding, are not well suited for joining together the components in a small
automotive part, due to the excessive amount of heat deposition that occurs. In particular,
excessive heating of the part leads to deformation, weakening, or other damage, thereby

rendering the part useless.
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[0005] Laser welding, on the other hand, is a welding technology that is well suited for
joining together the components that make up small parts in vehicles. In particular, laser
welding is a non-contact, free form welding technique that is very fast and that generates
less heat within a part, i.e., compared to MIG welding. In traditional laser welding the
laser output is moved to follow the seam weld, which is usually achieved using a robot.
Remote laser welding differs from traditional laser welding in that the laser beam is
manipulated from above the work piece by rotating 2 galvo mirrors, which are oriented at
90° to one another. Due to the use of longer focal lengths than are typical in traditional
laser Welding, small movements in the mirrors result in large movements of the focused
beam, resulting in beam speeds over 500 inches per second (13 m/s). Although the heat
that is generated during laser welding is reduced to be non-detrimental to the part that is
being formed, it is still sufficient to causes distortion to the components that are being
welded, especially when the components are made of thin sheet metal. In order to
overcome the problems that are associated with distortion, rigid clamping of the part is
generally required to ensure that good welds are made. Of course, this rigid clamping
mechanism adds complexity to the welding system and limits productivity, and also

makes it difficult to process multiple parts in a single step.

[0006] It would therefore be beneficial to provide a method and system that overcome at

least some of the above-mentioned limitations and disadvantages of the prior art.
SUMMARY OF THE INVENTION

[0007] According to an aspect of at least one embodiment of the instant invention, there
is provided a process for welding a plurality of parts in a single production run, the
process comprising: arranging separate components of each part of the plurality of parts in
a stacking direction that is aligned along an axis of rotation, so as to form a stack of
separate components, said stack having a first end and having a second end that is
opposite the first end; engaging gripping portions of a tool one each with the first end and
with the second end of the stack, the gripping portions engaging the first and second ends
of the stack along the axis of rotation and applying a force to said first and second ends to
maintain the stack of separate components in an arranged condition; using the tool,

rotating the stack about the axis of rotation; during rotating of the stack, performing laser
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welding along a plurality of weld lines, each weld line for welding together the separate
components of one part of the plurality of parts, the laser welding comprising: using a
remote laser welding tool, performing during a first period of time a plurality of tack
welds along each weld line of the plurality of weld lines, for welding together the separate
components of each part of the plurality of parts; and using the remote laser welding tool,
performing during a second period of time a weld along each weld line of the plurality of
weld lines thereby consuming the plurality of tack welds and forming each part of the

plurality of parts.

[0008] According to an aspect of at least one embodiment of the instant invention, there
is provided a process for welding a plurality of parts in a single production run, the
process comprising: forming a plurality of groups of separate components in a stacked
arrangement along a common axis of rotation, each one of the plurality of groups of
separate components for being welded together to form a separate part; fixturing the
stacked arrangement of the plurality of groups of separate components using opposing
gripper portions of a tool, the opposing gripper portions applying a force at opposite ends
of the stacked arrangement, the force that is applied during fixturing being sufficient to
maintain the plurality of groups of separate component in the stacked arrangement;
rotating the stacked arrangement of the plurality of groups of separate components about
an axis of rotation passing through the opposing gripper portions; during rotating, laser
welding along a weld line of each group of separate components of the plurality of groups
of separate components, each weld line for welding together the separate components of
one of the groups of separate components, the laser welding comprising: using a remote
laser welding tool, performing during a first period of time a plurality of tack welds along
the weld line of each group of separate components, for welding together the separate
components of each group of separate components; and using the remote laser welding
tool, performing during a second period of time a weld along each weld line thereby

consuming the plurality of tack welds and forming each separate part.

[0009] According to an aspect of at least one embodiment of the instant invention, there
is provided a system for welding a plurality of parts in a single production run, the system
comprising: a support module for supporting a plurality of groups of separate components

in a stacked arrangement along a common axis of rotation, each of the plurality of groups
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of separate components for being welded together to form a separate part; a rotatable
gripping assembly having first and second gripping portions, the first gripping portion
opposing and spaced apart from the second gripping portion, the first and second gripping
portions for applying a force to opposite ends of the stacked arrangement of the plurality
of groups of separate components, the applied force being sufficient to maintain the
stacked arrangement of the plurality of groups of separate components in the stacked
condition subsequent to being removed from the support module; and a laser beam remote
welding head for laser welding along a weld line of each group of separate components of
the plurality of groups of separate components, wherein during use the rotatable gripping
assembly rotates the stacked arrangement of the plurality of groups of separate
components, and wherein during use the laser beam remote welding head applies a
plurality of tack welds along the weld line of each group of separate components for
welding together the separate components of each group of separate components, and
subsequently applies a weld along each weld line thereby consuming the plurality of tack

welds and forming each part of the plurality of parts.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The instant invention will now be described by way of example only, and with
reference to the attached drawings, wherein similar reference numerals denote similar

eclements throughout the several views, and in which:

[0011] Fig. lais a simplified perspective view showing a first component and a second

component of a part;
[0012] Fig. b is a simplified side view of the first and second components of Fig. 1a;

[0013] Fig. 2a is a simplified perspective view showing a part that is fabricated using the

first and second components of Figs. 1a-b;
[0014] Fig. 2bis a simplified side view of the part of Fig. 2a;

[0015] Fig. 3a is an exploded perspective view showing a plurality of first components
and a plurality of second components arranged for making a plurality of parts in a single

production run according to an embodiment of the instant invention;
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[0016] Fig. 3b is a side view showing the arranged components of Fig. 3a;

[0017] Fig. 4a is a simplified perspective view showing a plurality of first components
and a plurality of second components arranged and stacked together for making a plurality

of parts in a single production run according to an embodiment of the instant invention;
[0018] Fig. 4b is a side view showing the arranged and stacked components of Fig. 4a;

[0019] Fig. 5a is an exploded side view showing a plurality of first components and a
plurality of second components arranged for making a plurality of parts according to an
embodiment of the instant invention, in which spacer elements are used to achieve desired

spacing in the assembly of components;

[0020] Fig. Sbis a side view showing the components of Fig. Sa arranged into a stack,
for making a plurality of parts in a single production run according to an embodiment of

the instant invention;
[0021] Fig. 6ais a perspective view showing an alternative configuration of a part.
[0022] Fig. 6b is a simplified side view of the part of Fig. 6a;

[0023] Fig. 7 is simplified perspective view showing the arranged and stacked

components of Fig. 4a supported in a cartridge;

[0024] Fig. 8 is simplified perspective view showing the arranged and stacked
components of Fig. 4a supported in a cartridge and with gripping portions of a rotary tool

positioned adjacent to each end of the stack of components;

[0025] Fig. 9 is simplified perspective view showing the arranged and stacked
components of Fig. 4a being rotated using the rotary tool, subsequent to the stacked

components being removed from the cartridge;

[0026] Fig. 10 is simplified perspective view showing a sequence of tack welds being
applied to the arranged and stacked components of Fig. 4a using a remote laser welding
head;
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[0027] Fig. 11 is simplified perspective view showing remote laser welding of the

arranged and stacked components of Fig. 4a using a remote laser welding head; and

[0028] Fig. 12 shows the individual parts that are fabricated in a single production run
according to an embodiment of the instant invention, based on the arranged and stacked

components of Fig. 4a.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0029] The following description is presented to enable a person skilled in the art to
make and use the invention, and is provided in the context of a particular application and
its requirements. Various modifications to the disclosed embodiments will be readily
apparent to those skilled in the art, and the general principles defined herein may be
applied to other embodiments and applications without departing from the scope of the
invention. Thus, the present invention is not intended to be limited to the embodiments
disclosed, but is to be accorded the widest scope consistent with the principles and

features disclosed herein.

[0030] Fig. la is a simplified perspective view showing a first component 102 and a
second component 104. Fig. 1b shows a side view of the first component 102 and of the
second component 104. In this specific and non-limiting example, the first component
102 and the second component 104 are substantially disc-shaped components. In
particular, the first component 102 and the second component 104 are fabricated from
sheet metal. The inside diameter of the first component 102 is approximately the same as
the outside diameter of the second component 104, with sufficient clearance to allow a
portion of the first component 102 to overlap with a portion of the second component 104.
Fig. 2a shows a perspective view of a part 200, such as for instance a part for a vehicle,
which is fabricated by joining together the first component 102 and the second component
104. As is shown more clearly in the side view of Fig. 2b, the first component 102 and
the second component 104 overlap along an overlapping region 202. In order to form the
part 200, the first component 102 and the second component 104 are welded together

along a weld line 204 within the overlapping region 202, using laser welding.
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[0031] Fig. 3a is an exploded perspective view showing a plurality of first components
102a-n and a plurality of second components 104a-n, arranged for making a plurality of
parts 200 in a batch process according to an embodiment of the instant invention. Fig. 3b
is an exploded side view showing the plurality of first components 102a-n and the

plurality of second components 104a-n of Fig. 3a.

[0032] Fig. 4a is a simplified perspective view showing five disc-shaped first
components 102a-e that are arranged in an alternating sequence with five disc-shaped
second components 104a-e. More particularly, the first components 102a-¢ and the
second components 104a-¢ are arranged one relative to another to form a stacked
assembly 400. Fig. 4b shows the stacked assembly 400 in side view. In this specific and
non-limiting example the stacked assembly 400 includes a set of five, generally
cylindrical or disc-shaped first components 102a-e. The stacked assembly 400 also
includes a set of five, generally cylindrical or disc-shaped second components 104a-¢.
The first components are stacked in an alternating sequence with the second components
along a stacking direction that extends parallel to a longitudinal axis A—A of the

assembly 400.

[0033] As is shown in Fig. 4b, each first component overlaps with a portion of a second
component that is adjacent thereto. The dashed lines in Fig. 4b indicate those portions of
the second component that are overlapped by one of the first components. In the example
that is shown in Figs. 4a and 4b, the second components are sized relative to the first
components such that, when assembled into the stacked assembly 400, the second
components are in an end-to-end abutting relationship with one another. The first
components are arranged in an overlapping relationship with the second components, and
are arranged at predetermined respective positions along the stacking direction of the
stacked assembly 400. In this specific and non-limiting example, five individual parts are
fabricated from the components in the stacked assembly 400 in a single production run.
In particular, circular welds are formed within the region of overlap 402a for securing
together first component 102a and second component 104a. Similarly, circular welds are
formed within the remaining regions of overlap 402b-e for securing together the

remaining first components and the remaining second components.
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[0034] Alternatively, components that are not disc-shaped are arranged relative to one
another to form a stacked assembly in a similar fashion. Alternatively, more than two
different types of components are arranged to form a stacked assembly for forming
multiple parts. For instance, a stacked assembly is formed in which three or more
different types of components are arranged relative to one another in a sequence for
forming parts. Further alternatively, a number other than five of each type of component
is provided. For instance, alternatively ten first components and ten second components
are arranged in an alternating sequence for forming ten parts in a single production run

according to an embodiment of the instant invention.

[0035] Fig. 5ais an exploded side view showing a plurality of first components 102a-¢, a
plurality of second components 104a-¢, and a plurality of spacer elements 502 arranged
for making a plurality of individual parts in a single production run according to an
embodiment of the instant invention. Fig. 5b is a side view showing the plurality of first
components 102a-e, the plurality of second components 104a-¢ and the plurality of spacer
elements 502 of Fig. 5a, arranged one relative to another to form a stacked assembly 500.
In particular, each spacer element 502 is disposed between facing ends of adjacent second
components. For instance, a spacer element 502 is disposed between the facing ends of
the second components 104a and 104b, and between the facing ends of the second
components 104b and 104c, etc. The spacer elements 502 serve to maintain a desired
relative spacing between adjacent ones of the second components 104a-e. As discussed
with reference to Fig. 4b, each first component overlaps with a portion of the second
component that is adjacent thereto. In this specific and non-limiting example, five
individual parts are fabricated from the components in the stacked assembly 500 in a
single production run. In particular, circular welds are formed within a region of overlap
between the first and second components, so as to join together first component 102a and
second component 104a, and so as to join together the first component 102b and the

second component 104b, etc.

[0036] Fig. 6a is a perspective view showing an alternative configuration of a part 600.
In particular, the part 600 that is shown in Fig. 6a comprises a first component 602 and a
second component 604. Fig. 6b is a side view of the part 600 of Fig. 6a. In this

alternative configuration, the second component 604 is disposed entirely within the first
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component 602, and the two components are joined together along a weld line 606. A
stacked assembly (not shown) of the first components 602 and of the second components
604 requires spacer elements (not shown) in order to maintain a desired spacing between

the end faces of the second components 604 in the stack.

[0037] Referring now to Fig. 7, the stacked assembly 400 of Fig. 4a and Fig. 4b is shown
supported in a support module, such as for instance a cartridge 700. The cartridge 700 is
shaped to support the disc-shaped components of the stacked assembly 400 such that a
through-hole or recess 702 at each end of the stacked assembly 400 is accessible. The
stacked assembly 400 can be held in the cartridge 700, and then subsequently transported
to a welding station for being welded together. Optionally, the cartridge 700 is part of a
not illustrated conveyer system, such that successive stacks 400 of disc-shaped

components can be fed continuously to the welding station.

[0038] Fig. 8 is simplified perspective view showing the stacked assembly 400 of Fig. 4a
and Fig. 4b supported in the cartridge 700 of Fig. 7, and with gripping portions 800a and
800D of a rotary tool positioned adjacent to each end of the stacked assembly 400. In
particular, each gripping portion 800a and 800b of the rotary tool includes a protrusion
802a and 802b, respectively, that is sized to fit into the through-hole or recess 702 at each
end of the stacked assembly 400.

[0039] Referring now to Fig. 9, the stacked assembly 400 is shown after being extracted
from the cartridge 700 by the rotary tool. In particular, the gripping portions 800a and
800b of the rotary tool support the opposite ends of the stacked assembly 400. As is
shown in Fig. 9, the stacked assembly 400 is rotatable, at a constant speed, about the
longitudinal axis A—A. The disc-shaped components are retained in the stacked
relationship due to the force that is exerted at each end of the stacked assembly 400 by the
gripping portions 800a and 800b of the rotary tool. In this way, the rotary tool acts as a
simple fixture for retaining the overall arrangement of the stacked assembly 400, without
the need to clamp each of the various components of the multiple parts individually. As
such, in the instant example, fixturing of all the components for five separate parts is

achieved simply by gripping the stacked assembly 400 at the opposite ends thereof.
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[0040] Referring now to Fig. 10, the stacked assembly 400 is shown in a welding station.
The gripping portions 800a and 800b of the rotary tool are used to rotate the stacked
assembly 400 about the longitudinal axis A—A, at a welding position within the welding
station. A laser beam remote welding head 1000 is used to direct a laser beam 1002 to
apply a sequence of tack welds to the stacked assembly 400, using a series of scanning
laser pulses. The laser beam remote welding head 1000 is stationary over the welding
station throughout the welding process. In particular, the laser beam 1002 is manipulated
and directed onto each component, for welding, by adjusting mirrors that are located

inside the laser beam remote welding head 1000.

[0041] Referring still to Fig. 10, the first step of the welding process is to make a series
of tack welds on each group of components in the stacked assembly 400. In this first step,
laser pulses are scanned in sequence over the groups of components that make up each of
the parts, in such a way that when the laser beam finishes the tack weld on components of
the last part it moves back to components of the first part to start the scanning tack weld
again. At the end of a full rotation, the laser beam 1002 has made an equal number of
tack welds on the components of each part in the stacked assembly 400, and these tack
welds are evenly distributed along each welding line, such as for instance the welding line
202 that is shown in Fig. 2b. In this way, a first tack weld 1004a is applied to fix together

461”

the disc-shaped first and second components of a first part in Fig. 10, a second tack
weld 1004b is applied to fix together the disc-shaped first and second components of a
second part “2” in Fig. 10, a third tack weld 1004c is applied to fix together the disc-
shaped first and second components of a third part “3” in Fig. 10, a fourth tack weld
1004d is applied to fix together the disc-shaped first and second components of a fourth
part “4” in Fig. 10, and a fifth not illustrated tack weld is applied to fix together the disc-
shaped first and second components of a fifth part “S” in Fig. 10. Next, the laser pulse is
scanned back to apply another spot weld on the first part “1,”” and so forth.
Advantageously, the process of applying the tack welds results in minimal heat deposition

into the disc-shaped components, and accordingly very little deformation occurs during

this portion of the process.

[0042] As is shown in Fig. 11, once the tack welds are done the laser beam 1002 begins

performing full circular welding in order to form each of the plurality of finished parts. In

10
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one approach, which is shown explicitly in Fig. 11, the laser welding operation is
performed sequentially on each part by starting within the overlapping region between the
first and second disc-shaped components at one end of the stacked assembly 400, and
progressing toward the opposite end of the stacked assembly 400. In Fig. 11, a full
circular weld 1100a has been applied to form the first part “1,” and a second circular weld
1100b has been started to form the second part “2.” Alternatively, the welding operation
is programmed on the stacked assembly 400 randomly, to avoid potential heat build-up.
Since the tack welds 1004a-d etc. are in place before the full welding is started, there is
little or no chance for heat distortion to affect the weld integrity. The tack welds 1004a-d

etc. are consumed when the full, circular welds (e.g., 1100a, 1100b) are formed.

[0043] After the welding process is completed, the rotary tool releases the finished parts.
For instance, the finished parts are returned to the cartridge 700 and are conveyed away
from the welding station. A next cartridge (not illustrated) supporting a next stacked
assembly (not illustrated) is then advanced into the welding station and the welding

process is repeated to form a next batch of finished parts.

[0044] Referring now to Fig. 12, shown is a plurality of individual parts 600a-¢
fabricated from the stacked assembly 400 according to the process that is described
above, and subsequent to being removed from the cartridge 700 and separated. In the
instant example, five parts are formed in a single production run and requiring only
simple fixturing. That is to say, only the ends of the stack 400 are engaged by the
gripping portions 800a and 800b of the rotary tool. The components of each individual
part are not clamped individually, thereby reducing processing time and increasing
throughput. The method and system that are described with reference to Figs. 1-12

efficiently utilizes the laser resource and maximizes the beam on-time.

[0045] While the above description constitutes a plurality of embodiments of the present
invention, it will be appreciated that the present invention is susceptible to further
modification and change without departing from the fair meaning of the accompanying

claims.

11
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CLAIMS
What is claimed is:

1. A process for welding a plurality of parts in a single production run, the process
comprising:
arranging separate components of each part of the plurality of parts in a stacking
direction that is aligned along an axis of rotation, so as to form a stack of separate
components, said stack having a first end and having a second end that is opposite the first
end;
engaging gripping portions of a tool one each with the first end and with the
second end of the stack, the gripping portions engaging the first and second ends of the
stack along the axis of rotation and applying a force to said first and second ends to
maintain the stack of separate components in an arranged condition;
using the tool, rotating the stack about the axis of rotation;
during rotating of the stack, performing laser welding along a plurality of weld
lines, each weld line for welding together the separate components of one part of the
plurality of parts, the laser welding comprising:
using a remote laser welding tool, performing during a first period of time
a plurality of tack welds along each weld line of the plurality of weld lines, for
welding together the separate components of each part of the plurality of parts; and
using the remote laser welding tool, performing during a second period of
time a weld along each weld line of the plurality of weld lines thereby consuming

the plurality of tack welds and forming each part of the plurality of parts.

2. The process of claim 1 wherein arranging comprises putting the separate components
of each part into a cartridge, the separate components of one part being disposed adjacent

to the separate components of a next part along the stacking direction within the cartridge.
3. The process of claim | or 2 wherein the separate components of each part are

substantially disc-shaped components each having at least a generally cylindrical

sidewall.

12



WO 2012/151667 PCT/CA2012/000416

10

15

20

25

30

4. The process of claim 3 wherein the separate components of each part are arranged such
that the generally cylindrical sidewall of one of the separate components overlaps at least
partially with the generally cylindrical sidewall of the other one of the separate

components, so as to define on each part of the plurality of parts a region of overlap.

5. The process of claim 4 wherein each weld line of the plurality of weld lines is defined

within a region of overlap on a different part of the plurality of parts.

6. The process of any one of claims 1 to 5 wherein arranging comprises inserting spacer
elements between at least some of the separate components, the spacer elements for
imposing a predetermined spacing between adjacent components of the at least some of

the separate components.

7. The process of any one of claims 1 to 6 wherein engaging gripping portions of the tool
one each with the first end and with the second end of the stack comprises inserting a
projecting portion of one of the gripping portions into a through hole or recess at the first
end of the stack and inserting a projecting portion of the other one of the gripping portions

into a through hole or recess at the second end of the stack.

8. The process according to any one of claims 1 to 7 wherein rotating the stack about the

axis of rotation comprises rotating the stack at a constant speed.

9. The process according to any one of claims 1 to 8 wherein arranging is performed
absent a step of rigidly clamping the separate components of each part of the plurality of

parts.

10. A process for welding a plurality of parts in a single production run, the process
comprising:

forming a plurality of groups of separate components in a stacked arrangement
along a common axis of rotation, each one of the plurality of groups of separate

components for being welded together to form a separate part;

13
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fixturing the stacked arrangement of the plurality of groups of separate
components using opposing gripper portions of a tool, the opposing gripper portions
applying a force at opposite ends of the stacked arrangement, the force that is applied
during fixturing being sufficient to maintain the plurality of groups of separate component
in the stacked arrangement;
rotating the stacked arrangement of the plurality of groups of separate components
about an axis of rotation passing through the opposing gripper portions;
during rotating, laser welding along a weld line of each group of separate
components of the plurality of groups of separate components, each weld line for welding
together the separate components of one of the groups of separate components, the laser
welding comprising:
using a remote laser welding tool, performing during a first period of time
a plurality of tack welds along the weld line of each group of separate components,
for welding together the separate components of each group of separate
components; and
using the remote laser welding tool, performing during a second period of
time a weld along each weld line thereby consuming the plurality of tack welds

and forming each separate part.

11. The process of claim 10 wherein forming the plurality of groups of separate
components comprises putting the separate components of each group into a cartridge, the
separate components of one group being disposed adjacent to the separate components of
a next group in a stacking direction along the common axis of rotation within the

cartridge.
12. The process of claim 10 or 11 wherein the separate components of each group are
substantially disc-shaped components each having at least a generally cylindrical

sidewall.

13. The process of claim 12 wherein the separate components of each group are arranged

such that the generally cylindrical sidewall of one of the separate components overlaps at
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least partially with the generally cylindrical sidewall of the other one of the separate

components, so as to define for each group of the plurality of groups a region of overlap.

14. The process of claim 13 wherein for each group of separate components the weld line

thereof is defined within a region of overlap between the separate components of said

group.

15. The process of any one of claims 10 to 14 wherein forming the plurality of groups
comprises inserting spacer elements between at least some of the separate components,
the spacer elements for imposing a predetermined spacing between adjacent components

of the at least some of the separate components.

16. The process according to any one of claims 10 to 15 wherein rotating the stacked
arrangement of the plurality of groups of separate components about the axis of rotation
passing through the opposing gripper portions comprises rotating the stacked arrangement

at a constant speed.

17. The process according to any one of claims 10 to 16 wherein fixturing is performed
absent a step of rigidly clamping the separate components of each group of the plurality of

groups.

18. A system for welding a plurality of parts in a single production run, the system
comprising:

a support module for supporting a plurality of groups of separate components in a
stacked arrangement along a common axis of rotation, each of the plurality of groups of
separate components for being welded together to form a separate part;

a rotatable gripping assembly having first and second gripping portions, the first
gripping portion opposing and spaced apart from the second gripping portion, the first and
second gripping portions for applying a force to opposite ends of the stacked arrangement
of the plurality of groups of separate components, the applied force being sufficient to
maintain the stacked arrangement of the plurality of groups of separate components in the

stacked condition subsequent to being removed from the support module; and

15
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a laser beam remote welding head for laser welding along a weld line of each
group of separate components of the plurality of groups of separate components,
wherein during use the rotatable gripping assembly rotates the stacked arrangement of the
plurality of groups of separate components, and
wherein during use the laser beam remote welding head applies a plurality of tack welds
along the weld line of each group of separate components for welding together the
separate components of each group of separate components, and subsequently applies a
weld along each weld line thereby consuming the plurality of tack welds and forming

each part of the plurality of parts.

19. The system of claim 18 wherein the support module comprises a conveyor element of
a conveyor system for conveying the plurality of groups of separate components to a
welding station adjacent to the laser beam remote welding head and for conveying the

plurality of parts away from the welding station.

20. The system of claim 18 wherein the support module other than comprises clamps for

rigidly clamping the separate components of each group of the plurality of groups.
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