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ABSTRACT

A system for forming different types of clamshell components includes two bases and
a squeezer assembly. One of the two bases is movable relative to the other for
5 accommodating different types of clamshell components having different lengths,

shapes, locations of piercings, etc. The squeezer assembly includes interchangeable
squeezer elements. In order to switch between forming a first type of clamshell
component and a second type of clamshell component, one of the two bases is moved
relative to the other of the two bases and/or squeezer units that are customized for

10 forming the first type of clamshell component are replaced with squeezer units that are
customized for forming the second type of clamshell component. Reconfiguring the
bases and interchanging the squeezers of a clamshell tool, instead of replacing an
entire clamshell tool with a different clamshell tool, minimizes lost productivity time,
reduces capital costs, and eliminates the problem of storing several different clamshell

15  assembly tools.
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ADJUSTABLE CLAMSHELL ASSEMBLY FIXTURE

FIELD OF THE INVENTION

[0001] The instant invention relates generally to the ficld of assembly fixtures, and

more particularly to the field of assembly fixtures for automotive clamshell

components.

BACKGROUND OF THE INVENTION

[0002] In the automotive industry vehicles are mass-produced using complex
assembly line processes, in which each vehicle is assembled together as it passes
through a plurality of different assembly stations. Separate assembly lines may also
be provided for assembling vehicle sub-assemblies and components, which are
subsequently incorporated into one of the vehicles that is being assembled on the main
assembly line. Typically, a single type of vehicle includes many different types of

clamshell components, which may be used in engine cradles, as frame cross-members,

elc.

[0003] In the case of clamshell components, typically upper and lower shells, which
may or may not be substantially identical to each other, are aligned and joined
together along overlapping edge portions or flanges. A few specific and non-limiting
examples of common joining techniques include metal inert gas (MIG) welding and
spot welding. Difterent types of clamshell components may have different lengths,
different contours along one or more of the outer surfaces, different spacing between
piercings, etc. In order to ensure that the upper and lower shells are joined securely
one to the other, overlapping edge portions of the upper and lower shells are pressed
together using squeezers that are customized for the particular component being
formed, and the joining is performed during squeczing. In particular, the squeezers
are customized to conform closely to the contours along the overlapping edge portions

of the upper and lower shells, so as to avoid forming gaps along the resulting joint.

[0004] Prior art strongback machines have squcezers that squeeze the clamshell
components along the weld face, in order to close gaps in clamshell components as

described above. These machines are custom-built, and are not re-usable for different



components. In particular, such strongback machines do not accommodalte variable
widths, heights, and/or lengths for manufacturing various clamshell components. Of
coursc, high tooling costs are associated with the purchase of custom tools for forming
cach of a plurality of different clamshell components. Further, whenever a different

5 clamshell component needs to be manufactured there is lost production time associated
with switching out onc¢ strongback machine and replacing it with a different strongback
machine that supports production of the different clamshell component. Further still,
storing a plurality of different strongback machines consumes tloor-space within

manufacturing facilitics and may contribute to unsate working conditions.

10 [0005] It would be desirable to provide a clamshell assembly fixture that overcomes at

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

[0006] In accordance with an aspect of at least one embodiment of the instant
invention, there s provided a system for forming a plurality of different types of

15  clamshell components, comprising: a plurality of interchangeable squeezer units
comprising a first pair of squeezer units for use during forming of a first type of
clamshcll component and a sécond pair of squcbzcr units for use during forming of a
second type of clamshell component, each squeczer unit having a first mounting
structure and having a contacting surface; a squeezer assembly having a pair of second

20  mounting structures, each one of the pair of sccond mounting structures for detachably
coupling with the first mounting structurc of onc of the squeezer units of the first pair
of squeezer units during forming of the first type of clamshell component and for
detachably coupling with the first mounting structure of one of the squeezer units of
the second pair of squeezer units during forming of the second type of clamshell

25  component; a support assembly comprising a first locator member and a second locator
member, the first locator member controllably movable relative to the second locator
member, the support assembly being adjustable between a first configuration in which
the first locator member and the second locator member are disposed one relative to the
other for locating first and second parts of the first type of clamshell component

30 between the contacting surfaces of the {irst pair of squeezer units and a second

configuration in which the first locator member and the second locator

2
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mecmber are disposed one relative to the other for locating first and second parts of the
sccond type of clamshell component between the contacting surfaces of the second pair
of squeezer units; and, wherein the squeezer assembly includes a drive mechanism, and
at least one squecezer arm and wherein said drive mechanism is coupled to the at least
one squeezer arm, for moving the squeezer units of the first pair of squeezer units one
toward the other such that the contacting surfaces thercof are brought into contact with
at least one of the first and second parts of the first type of clamshell component during
forming of the first type of clamshell component, and for moving the squeezer units of
the second pair of squeezer units one toward the other such that the contacting surfaces
thercot are brought into contact with at Icast one of the first and second parts of the
second type of clamshell component during forming of the second type of clamshcll

component.

[0007] In accordance with an aspect of at least one embodiment of the instant
invention, there 1s provided a method for forming a plurality of different types of
clamshell components, comprising: supporting first and second parts of a first type of
clamshell component such that first and second locator features of each of the first and.
second parts engage first and second locator members, respectively, of a support
assembly, and such that first and second edge portions of the first part are aligned with
respective first and second edge portions of the second part in an overlapping
arrangement; using a first pair of squeezer units mounted on a squeezer assembly,
squeczing together the overlapping first and second edge portions of the first and
second parts of the first type of clamshell component; during squeezing, joining the
first and second parts of the first type of clamshell component so as to form the first
type of clamshell component; moving the first locator member relative to the second
locator member so as to rcconfigure the support assembly for forming a second typc of
clamshell component; replacing the first pair of squeezer units with a second pair of
squeezer units, the second pair of squeezer units having contacting surfaces that are
configured for squeezing together first and sccond parts of the second type of clamshell
component; supporting first and second parts of the sccond type of clamshell
component such that first and second locator features of cach of the first and second
parts engage the first and second locator members, respectively, of the support

asscmbly, and such that first and second edge portions of the first part arc aligned with
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respective first and second edge portions of the second part 1n an overlapping
arrangement; using the second pair of squeezer units mounted on the squeezer
assembly, squeezing together the overlapping first and second edge portions of the first

and second parts of the second type of clamshell component; during squeezing, | omning

second type of clamshell component

[0008] In accordance with an aspect of at least one embodiment of the instant
invention, there is provided a method for forming a plurality of different types of
clamshell components, comprising: configuring a support assembly for locating first

10 and second parts of a first type of clamshell component such that first and second edge
portions of the first part are aligned with respective first and second edge portions of
the second part in an overlapping arrangement; using a first pair of squeezer units
mounted on a squeezer assembly, squeczing together the overlapping first and second
edge portions of the first and second parts of the first type of clamshell component;

15  during squeezing, joining the first and sccond parts of the first type of clamshell
component so as to form the first type of clamshell component; re-configuring the
support assembly for locating first and second parts of a second type of clamshell
component such that first and second edge portions of the first part are aligned with
respective first and second edge portions of the sccond part in an overlapping

20 arrangement, comprising moving the first locator member relative to the second locator
member along at least one of a first dircction within a horizontal plane and a second
direction that is normal to the horizontal plane; replacing the first pair of squcezer units
with a second pair of squeezer units, the second pair of squeezer units having
contacting surfaces that are configured for squeezing together the first and second parts

25 of the sccond type of clamshell component; using the second pair of squeezer units
mounted on the squeezer assembly, squeczing together the overlapping first and sccond
edge portions of the first and second parts of the second type of clamshell component;
and, during squeczing, joining the first and second parts of the second type of

clamshell component so as to form the second type of clamshell component.

30 [0009] In accordance with an aspect of at least one embodiment of the instant

invention, there is provided a method for forming a plurality of different types ot
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clamshell components, comprising: providing a support assembly having a first
locator member and a second locator member, the second locator member being
movable relative to the first locator member; moving the second locator member
relative to the first locator member to provide a first predetcrmined configuration of
the support assembly; supporting a first part of a first type of clamshell component on
the support assembly, such that a first locator feature of the first part cn gages the first
locator member and a second locator feature of the first part engages the second
locator member; supporting a second part of the first type of clamshell component on
the support assembly such that a first locator feature of the second part engages the
first locator member and a second locator featurc of the second part engages the
second locator membcr, and such that first and second edge portions of the first part
are aligned with respective first and second edge portions of the second part in an
overlapping arrangement; squeezing together the overlapping first and second edge
portions of the first and second parts of the first type of clamshell component, using a
first pair of squcczer units mounted on a squeezer assembly; during squeezing, joining
the first and second parts of the first type of clamshell component so as to form the
first type of clamshell component; detaching the first pair of squeezer units from the
squeezer assembly; mounting a second pair of squeezer units on the squeezer
assembly; moving the second locator member relative to the first locator member to
provide a sccond predetermined configuration of the first locator member and the
second locator member; supporting a first part of a second type of clamshell
component on the support assembly, such that a first locator feature of the first part
engages the {irst locator member and a second locator feature of the first part engages
the second locator member; supporting a second part of the second type of clamshell
component on the support assembly such that a first locator feature of the sccond part
cngages the first locator member and a second locator feature of the second part
cngages the sccond locator member, and such that first and second edge portions of
the first part are aligned with respective first and second cdge portions of the second
part 1n an overlapping arrangement; squeczing together the overlapping first and
second edge portions of the first and second parts of the second type of clamshell
component, using the second pair of squeczer units mounted on the squeezer
assembly; and, during squeezing, joining the first and second parts of the sccond type

of clamshell component so as to form the sccond type of clamshell component.

5 :
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Exemplary embodiments of the instant invention will now be described in
conjunction with the following drawings, wherein like numerals represent like

elements, and 1n which:

5a
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[0011] FIGS. la-1e are perspective views showing various different types of

clamshell components;

[0012] FIG. 2a is a perspective view showing a generalized clamshell component

structure;

[0013] FIG. 2b is an end view of the generalized clamshell component of FIG. 2a;

[0014] FIG. 3 is a perspective view showing a dedicated clamshell tool that is typical

of the prior art;

[0015] FIG. 4a is a side view of a clamshell tool according to an embodiment of the

instant invention;
[0016] FIG. 4b shows an end view of the clamshell tool of FIG. 4a;

[0017] FIG. 5a is a side view of a clamshell tool according to another embodiment of

the instant invention;

[0018] FIG. 5b shows an end view of the clamshell tool ot F1G. 5a;

[0019] FIG. 6a is a side view showing the clamshell tool of FIGS. 5a-b in a first

configuration for forming a first type of clamshell component;

[0020] FIG. 6b is a side view showing the clamshell tool of FIGS. 5a-b in a second

configuration for forming a second type of clamshell component;

[0021] FIG. 7 is a top view showing an assembly station including the clamshell tool

of FIGS. 5a-b;

[0022] FIG. 8 is a simplified flow diagram of a method according to an embodiment

of the 1instant invention; and,

[0023] FIG. 9 is a simplified flow diagram of another method according to an

embodiment of the instant invention.
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DETAILED DESCRIPTION OF THE DRAWINGS

10024] 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 heretn
may be applied to other embodiments and applications without departing from the
scope of the invention. Thus, the present invention 1s 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.

[0025] FIGS. la-e present perspective views showing various different types of
clamshell components. As is discussed in greater detail below, each of the clamshell
components 102-112 includes a first clamshell component part and a second clamshell
component part. The first clamshell component part and the second clamshell
component part arc aligned onc with the other and then joined together along
overlapping edge portions. Suitable joining tcchniques include metal-inert-gas (MIG)
welding, spot welding, etc. The first clamshell component and the second clamshell
component are fabricated, for instance, by stamp-forming a suitable sheet metal blank
using known methods. As i1s shown in FIGS. la-¢, different clamshell components
can have ditferent lengths, different cross-sectional shapes, different contours,

different piercing locations, etc.

[0026] FIG. 2a is a perspective view showing a generalized structure of a clamshell
component 200. FIG. 2b is an end view of the generalized clamshell component 200.
The clamshell component 200 comprises a first clamshell component part 202 and a

second clamshell component part 204. In FIGS. 2a and 2b, the wall thicknesses of the
clamshell component parts 202 and 204 have been exaggerated in order to provide
improved clarity. In the instant and non-limiting example, each one of the first
clamshell component 202 and the second clamshell component 204 is stamp-formed
from a suitable sheet metal blank. As is shown most clearly in FIG. 2b, first and
second edge portions 202a and 202b of the first clamshell component 202 are aligned

with respective first and second edge portions 204a and 204b of the second clamshell

component 204 along an overlapping region 206. The first and second clamshell
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component parts 202 and 204, respectively, are joined one to the other along the
overlapping region 206, such as for instance by MIG welding or spot welding, thereby

defining a clamshell component having a central cavity 208.

[0027] Referring still to FIGS. 2a and 2b, first [ocating holes 210 are provided on the
first clamshell component part 202 and second locating holes 212 are provided on the
second clamshell component part 204. The first and second locating holes 210 and
212, respectively, are tor use in aligning the first clamshell component 202 relative to
the second clamshell component 204, and for supporting the first and second

clamshell components during joining thereof.

[0028] Referring now to FIG. 3, shown is a perspective view of a dedicated clamshell
tool 300 that is typical of the prior art. The clamshell tool 300 includes a first base
302 and a second base 304. The first base 302 and the second base 304 are fixedly
mounted to a table 306, such as for instance by bolting or welding. A predetermined
separation distance is provided between the first base 302 and the second base 304.
The predetermined separation distance is selected for forming a particular clamshell
component, and 1s non-variable. First locator tooling 308 and 310 are provided on the
first base 304 and second locator tooling 312 and 314 are provided on the second base
305. During use, one of the second locator holes 212 of the second clamshell
component part 204 is aligned with the first locator tooling 308 and 310 and the other
one of the second locator holes 212 of the second clamshell component part 204 is
aligned with the second locator tooling 312 and 314. Similarly, one of the first focator
holes 210 of the first clamshell component part 202 is aligned with the first locator
tooling 308 and 310 and the other one of the first locator holes 210 of the first
clamshell component part 202 is aligned with the second locator tooling 312 and 314.
In this way, the first clamshell component part 202 is aligned with the second
clamshell component part 204. Squeezer assemblies 316-322 laterally compress the
first and second clamshell component parts, such that adjacent edge portions of the
first and second clamshell component parts arc brought into contact one with the
other. During squeezing, the first and second clamshell component parts are joined
together along said adjacent edge portions, such as for instance by one of MIG

welding and spot welding.



[0029] The clamshell tool 300 1s fixedly sccured to a ground surface within an
assembly station of an assembly linc, via four mounting plates 324 (three of thc
mounting plates 324 are shown 1n FIG. 3). For instance, the mounting plates 324 are
bolted to the floor surface. When ditferent clamshell components are required, the
5 dedicated clamshell tool 300 shown in FIG. 3 is replaced with another dedicated

clamshell tool. In particular, the mounting plates 324 are unbolted from the ground
surface and the clamshell tool 300 is removed from the assembly station. Another
dedicated clamshell tool 1s moved 1nto place within the assembly station and is bolted
to the ground surface. Unfortunatcly, replacing dedicated clamshell tools results 1n

10 lost productivily time. Further, 1t 1s necessary to purchase, maintain and store a
separate dedicated clamshell tool for cvery type of clamshell component that is

manufactured on an assembly line.

[0030] Referring now to FIG. 4a, shown 1s a simplified side view of a clamshell tool
400 according to a first cmbodiment of the instant invention. Also shown in FIG. 4a
15 are a first clamshell component part 402 and a second clamshell component part 404.
The tirst clamshell component part 402 and the second clamshell component part 404
are aligned one relative to the other, with respective edge portions thereof being
disposed in an overlapping arrangement within region 406. The clamshell tool 400
includes a first base 408 and a second base 410. As is indicated by the double-headed
20  arrow 1n FIG. 4a, the first base 408 1s movable relative to the second base 410. In the
specilic and non-limiting example that 1s shown 1n FIG. 4a, the first base 408 is
movable and the second base 410 1s fixed. A first locator member 412 1s mounted to
the first base 408 via an optional mount 414. Similarly, a second locator member 416

1s mounted to the second base 410 via an optional mount 418,

25  [0031] Various mcchanisms may be used to move the first base 408 relative to the
second base. For instance, one or both of the first and second bascs may be mounted

on a guide track and coupled to a pneumatic or hydraulic mechanism.

[0032] During usc, a {irst (not illustrated) locator feature of the second clamshell
component part 404 1s aligned with and engages the first locator member 412, and a
30 second (not illustrated) locator feature of the second clamshell component part 404 is

aligned with and engages the second locator member 416. By way of a specific and
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non-limiting example, the first and second locator features are the locator holes 212
that are shown in FIG. 2b. After the second clamshell component part 404 1s placed
on the clamshell tool 400, a first sleeve 420 is placed over the first locator member
412 and a second sleeve 422 is placed over the second locator member 416.
Subsequently, a first (not illustrated) locator {eature of the first clamshell component
part 402 1s aligned with and engages the first locator member 412, and a second (not
illustrated) locator feature of the first clamshell component part 402 is aligned with
and engages the second locator member 416. By way of a specific and non-limiting
example, the first and second locator features are the locator holes 210 that are shown
in FIGS. 2a and 2b. Clips 424 and 426 are placed over the first and second locator
members 412 and 416, respectively, for retaining the first clamshell component 402 in

the aligned condition relative to the second clamshell component 404 .

[0033] Referring still to FIG. 4a, the first and second sleeves 420 and 422 have
respective first and second lengths for supporting the first clamshell component part
402 relative to the second clamshell component part 404, such that first and second
edge portions of the first clamshell component part 402 overlap with respective first
and second edge portions of the second clamshell component part 404 within the
region 406. In the example that 1s shown in FIG. 4a, the first and second slceves 420
and 422 are of equal length. Optionally, the first and second sleeves 420 and 422 are

of unequal length.

[0034] Reterring now to FIGS. 4a and 4b, the clamshell tool 400 includes a squeezer
assembly having replaceable squeezer elements 428a and 428b detachably mounted to
mounting structures 430a and 430b, respectively, proximate a first end of squeezer
arms 434a and 434b, respectively. A drive mechanism 432 is coupled to attachment
points 436a and 436b at a second end of the squeezer arms 434a and 434b,
respectively, via connectors 438a and 438b, respectively. During use the drive
mechanism 432 induces a pivoting movement of the squeezer arms 434a and 434b
about pivot axis R, which passes through connector 440 in a direction perpendicular to
the plane of the drawing sheet. The pivoting movement of the squeezer arms 434a
and 434b moves the squeezer elements 428a and 428b between a first position in
which the squeezer elements 428a and 428b are spaced apart from the region 406 of

the clamshell components 402 and 404, and a second position in which the squeezer

10
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elements 428a and 428b are in contact with the region 406 along opposite sides of the

aligned clamshell components 402 and 404.

[0035] Referring now to FIG. 5a, shown is a simplified side view of a clamshell tool
500 according to a second embodiment of the instant mmvention. Also shown in FIG.
Sa are a first clamshell component part 502 and a second clamshell component part
504. The first clamshell component part 502 and the second clamshell component
part 504 are aligned one relative to the other, with respective edge portions thereof
being disposed in an overlapping arrangement within region 506. The clamshell tool
500 includes a first base 508 and a second basc 510. Specifically, each one of the first
base and the second base is a hexapod robot. The first and second bases 508 and 510,
respectively, are height adjustable. Further, as is indicated by the double-headed
arrow 1n FIQG. 5a, the first base 508 1s movable relative to the second base 510. In the
specific and non-limiting example that is shown in FIG. 5a, the first basc 508 is
movable and the second base 510 is fixed. A first locator member 512 is mounted to
the first base 508 via an optional mount 514. Similarly, a second locator member 516

IS mounted to the second base 510 via an optional mount 518.

[0036] During use, a first (not illustrated) locator feature of the second clamshell
component part 504 is aligned with and engagces the first locator member 512, and a
second (not illustrated) locator feature of the second clamshell component part 504 is
aligned with and engages the second locator member 516. By way of a specific and
non-limiting example, the first and second locator features are the locator holes 212
that are shown in FIG. 2b. After the second clamshell component part 504 is placed
on the clamshell tool 500, a first sleeve 520 is placed over the first locator member
512 and a second sleeve 522 is placed over the second locator member 516.
Subsequently, a first (not illustrated) locator feature of the first clamshell component
part 502 1s aligned with and engages the first locator member 512, and a second (not
Ilustrated) locator feature of the first clamshell component part 502 is aligned with
and engages the second locator member 516. By way of a specific and non-limiting
example, the first and second locator features are the locator holes 210 that are shown
in FIGS. 2a and 2b. Clips 524 and 526 are placed over the first and second locator
members 512 and 516, respectively, for retaining the first clamshell component 502 in

the aligned condition relative to the second clamshell component 504.

11
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[0037] Referring still to FIG. 5a, the first and second sleeves 520 and 522 have
respective first and second lengths for supporting the first clamshell component part
502 relative to the second clamshell component part 504, such that first and second
edge portions of the first clamshell component part 502 overlap with respective first
and second edge portions of the second clamshell component part 504 within the
region 506. In the example that is shown in FIG. 5a, the first and second sleeves 520

and 522 are of equal length. Optionally, the first and second sleeves 520 and 522 are

of unequal length.

[0038] Reterring now to FIGS. 5a and 5b, the clamshell tool 500 includes a squeezer
assembly having replaceable squeezer elements 528a and 528b detachably mounted to
mounting structures 530a and 530b, respectively, proximate a first end of squeezer
arms 534a and 534b, respectively. A drive mechanism 532 is coupled to attachment
points 536a and 536b at second end of the squcezer arms 534a and 534b, respectively,
via connectors 538a and 538b, respectively. During use the drive mechanism 532
iInduces a pivoting movement of the squeezer arms 534a and 534b about pivot axis R,
which passes through connector 540 in a direction perpendicular to the plane of the
the squeezer elements 528a and 528b betwecen a first position in which the squeezer
elements 528a and 528b are spaced apart from the region 506 of the clamshell
components 502 and 504, and a second position in which the squeezer elements 528a
and 528b are 1n contact with the region 506 along opposite sides of the aligned

clamshell components 502 and 504.

[0039] FIG. 6a is a simplified side view showing the clamshell tool 500 of FIGS. 5a-b
in a first configuration for forming of a first type of clamshell component. In order to
provide improved clarity, the squeezer assembly clements have been omitted from this
drawing. As shown in FIG. 6a, the first and second locator members 512 and 516 are
separated by a first distance d1 for accommodating first and second clamshell
component parts 602 and 604 of the first type of clamshell component. Further, the
first and second locator members 512 and 516 arc positioned approximately at the
same height. During use, not illustrated locator features of the first and second
clamshell component parts 602 and 604 are aligned with the first and second locator

members 512 and 516. First and second sleeves 520 and 522, which are positioned on

12
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the first and second locator members, respectively, support the first clamshell
component 602 at a predetermined spacing relative to the second clamshell
component 604, such that respective first and second edge portions thereot are

disposed in an overlapping arrangement within the region 606.

[0040] FIG. 6b is a simplified side view showing the clamshell tool 500 of FIGS. 5a-b

{7t

in a second configuration for forming of a second type of clamshell component. In
order to provide improved clarity, the squeezer assembly elements have been omitted
from this drawing. As shown in FIG. 6b, the first and second locator members 512
and 516 are separated by a second distance d2 for accommodating first and second

10 clamshell component parts 608 and 610 of the second type of clamshell component.
Further, the first and second locator members 512 and 516 are positioned at different
heights. In the instant example, the distance d2 is greater than the distance d] and the
first locator member 512 1s elevated above the [evel of the second locator member
516. During use, not illustrated locator featurcs of the first and second clamshell

15 component parts 608 and 610 are aligned with the first and second locator members
512 and 516. First and second sleeves 520 and 522, which are positioned on the first
and second locator members, respectively, support the first clamshell component 608
at a predetermined spacing relative to the second clamshell component 610, such that
respective first and second edge portions thercot are disposed in an overlapping

20 arrangement within the region 612,

[0041] Reterring still to FIGS. 6a and 6b, and assuming that the distances d1 and d2
represent minimum and maximum spacing distances between the first and second
locator element 512 and 516, respectively, the first and second bases can be moved to
different positions for providing different spacing d3, d4, d5... etc. Similarly, the

height of the first locator member 512 relative to the height of the second locator

9
LA

member 516 can be varied. Accordingly, the clamshell tool 500 can be reconfigured
to support production of a wide variety of different types of clamshell components.
Ot course, in an analogous manner the first base 408 of the clamshell tool 400 can be
moved relative to the second base 410 in order to vary a distance between the first

locator member 412 and the second locator member 416. When the bases 408 and/or

(P
p—
p—

410, and/or the optional mounts 414 and/or 418 support height adjustment, then the
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height of the first locator member 412 relative to the second locator member 416 can

also be varied.

[0042] Referring now to FIG. 7, shown is a simplified top view of an assembly station
in an assembly line. The assembly station includcs the clamshell tool 500 of FIGS.
S5a-b. Optionally, the assembly station includes the clamshell tool 400 of FIGS. 4a-4b.
Also disposed within the assembly station is a bin 700 for storage of the replaceable
squeezers 528a/b (or 428a/b) and the sleeves 520/522 (of 420/422). Storage bins 702
for storing the first and second clamshell components 502/504 (or 402/404, 602/604
or 608/610, etc.) and storage bin 704 for storing finished components are also
provided within the assembly station. During use, transfer robot 706 picks up the
second clamshell component part 504 from one of the bins 702, and aligns locator
features of the second clamshell component part 504 with first and second locator
members that arc mounted on the first and second bases 508 and 510, respectively, of
the clamshell tool 500. One of the weld robots 708 picks up sleeves from the bin 700,
and subsequently places one sleeve over each of the first and second locator members.
The transter robot then picks up the first clamshell component part 502 from one of
the bins 702, and aligns locator features of the first clamshell component part 502
with the first and second locator members. The weld robot 708 subsequently places
clamps over each of the first and second locator members, so as to secure the first
clamshell component part 502 relative to the sccond clamshell component part 504. A
not illustrated squeezer assembly is actuated, so as to move each squeezer unit of a
pair of replaceable squeezer units into contact with overlapping edge portions along
opposite sides of the first and second clamshell component parts. During squeezing,
the weld robots 708 join together the first clamshell component part 502 and the
second clamshell component part 504, such as for instance by MIG welding or spot
welding, etc. When it is necessary to stop forming a first type of clamshell component
and begin forming a second type of clamshell component, the bases 508 and 510 are
recontigured and/or a current pair of replaceable squeezer units is detached and
replaced with a different pair of replaceable squeezer units. For instance, at least one
of a separation between the bases 508 and 510 and a height of one of the bases 508
relative to the other one of the bases 510 is varied. More particularly, reconfiguring

the bases 508 and 510 results in the first and sccond locator members being moved
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between a first configuration for engaging locator features of the first type of
clamshell component and a second configuration for engaging locator features of the
second type of clamshell component. Similarly, when the first and second types of
clamshell components have different contours along the portions that are being joined
together, the current pair of replaceable squeezer units must be replaced with a
different pair of replaceable squeezer units that is designed to conform to the contours

of the second type of clamshell component.

[0043] Reterring now to FIG. 8, shown is a simplified flow diagram of a method
according to an embodiment of the instant invention. At 800, first and second parts of
a first type of clamshell component are supported, such that first and second locator
features of each of the first and second parts engage first and second locator members,
respectively, of a support assembly. Further, the first and second parts of the first type
of clamshell component are supported such that first and second edge portions of the
first part are aligned with respective first and sccond edge portions of the second part
in an overlapping arrangement. At 802 the overlapping first and second edge portions
of the first and second parts of the first type of clamshell component are squeezed
together, using a first pair of squeezer units mounted on a squeezer. At 804, during
squeezing, the first and second parts of the first type of clamshell component are
joined together so as to form the first type of clamshell component. At 806,
subsequent to removing the first type of clamshell component, the first locator
member is moved relative to the second locator member so as to reconfigure the
support assembly for forming a second type of clamshell component. At 808 the first
pair of squeezer units is replaced with a second pair of squeezer units, the second pair
of squeezer units having contacting surfaces that are configured for squeezing together
first and second parts of the second type of clamshell component. At 810 first and
second parts of the second type of clamshell component are supported, such that first
and second locator features of each of the first and second parts engage the first and
second locator members, respectively, of the support assembly. Further, the first and
second parts of the second type of clamshell component are supported such that first
and second edge portions of the first part are aligned with respective first and second
edge portions of the second part in an overlapping arrangement. At 812 the

overlapping first and second edge portions of the first and second parts of the second
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type of clamshell component are squeezed together, using the second pair of squeezer
untts mounted on the squeezer. At 814, during squeezing, the first and second parts of

the second type of clamshell component are joined together so as to form the second

type of clamshell component.

[0044] Referring now to FIG. 9, shown is a simplified flow diagram of a method
according to an embodiment of the instant invention. At 900 a support assembly is
contigured for locating first and second parts ol a first type of clamshell component,
such that first and second edge portions of the first part are aligned with respective
first and second edge portions of the second part in an overlapping arrangement. At
902 first and second edge portions of the first and second parts of the first type of
clamshell component are squeezed together using a first pair of squeezer units
mounted on a squeezer. At 904, during squeezing, the first and second parts of the
first type of clamshell component are joined together so as to form the first type of
clamshell component. At 906 the support assembly is re-configured for locating first
and second parts of a second type of clamshell component, such that first and second
cdge portions of the first part are aligned with respective first and second edge
portions of the seccond part in an overlapping arrangement. At 908 the first pair of
squeezer units 1S replaced with a second pair of squeczer units, the second pair of
squeezer units having contacting surfacces that arc configured for squeezing together
the first and second parts of the second type of clamshell component. At 910 the first
and second edge portions of the first and second parts of the second type of clamshell
component are squeezed together using the sccond pair of squeezer units mounted on
the squeezer. At 912, during squeezing, the first and second parts of the second type
of clamshell component are joined together so as to form the second type of clamshell

component.

[0045] The clamshell tools 400 and 500 have replaceable squeezers as well as bases
that are moveable one relative to another. By reconfiguring the bases, locator
members associated with the bases can be positioned for supporting the clamshell
component parts ot a wide variety of different types of clamshell components. The
steps ot reconfiguring the bases, including adjusting a distance between the bases
and/or adjusting a height of one of the bases rclative to the other, may be performed in

an automated fashion under the control of a suitable controller such as for instance a

16
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programmable logic circuit, a microprocessor, a personal computer, etc. In this way,

different types of clamshell components having different lengths, different locations

set of squeezers that is customized for forming one clamshell component with another
set of squeczers that is customized for forming a different clamshell component, it is
possible to ensure that the welds between the component parts are formed without any
gaps, even for different types of clamshell components. Replacing the squeezers also
may be performed in an automated fashion under the control of a suitable controller
such as for instance a programmable logic circuit, a microprocessor, a personal
computer, etc. Simply reconfiguring the bases and interchanging the squeezers of a
clamshell tool, instead of replacing the entire clamshell tool with a different clamshell
tool, results in minimal lost productivity time, reduces capital costs, and eliminates the

problem of storing several different clamshell assembly tools.

[0046] It should be appreciated that the foregoing description is intended to be
llustrative in nature and that the present invention includes various modifications,

changes, and equivalents thereof, without departure from the scope of the invention.

17
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CLAIMS

What is claimed 1s:

1. A system lfor forming a plurality of different types of clamshell components,
comprising:

5 a plurality of interchangeable squeezer units comprising a first pair of squeezer
units for use during forming of a first type of clamshell component and a second pair
of squeczer units for use during forming of a second type of clamshell component,
cach squeezer unit having a first mounting structure and having a contacting surface;

a squeezer assembly having a pair of second mounting structures, ¢ach onc of

10 the pair of second mounting structures for detachably coupling with the first mounting
structure of one of the squeezer units of the first pair of squeezer units during forming
of the first type of clamshell component and for detachably coupling with the first
mounting structure of one of the squeczer units of the second pair of squeezer units
during forming of the second type of clamshell component;

15 a support assembly comprising a first locator member and a second locator
member, the {irst locator membcer controllably movable relative to the second locator
member, the support assembly being adjustable between a first configuration in which
the first locator member and the second locator member are disposed one relative to
the other for locating first and second parts of the first type of clamshell component

20 between the contacting surfaces of the first pair of squeezer units and a second

configuration 1n which the first locator member and the second locator member are

of clamshell component between the contacting surfaces of the second pair of squeezer
units; and,

25 wherein the squeezer assembly 1nciudes a drive mechanism, and at lcast once
squeezer arm and wherein said drive mechanism 1s coupled (o the at least onc squeezer
arm, for moving the squeezcr units of the f{irst pair of squeezer units one toward the
other such that the contacting surfaces thercof are brought into contact with at least
one of the first and second parts ot the first typc of clamshell component during

30  forming of the first type of clamshell component, and for moving the squeczer units of

the sccond pair of squcezer units one toward the other such that the contacting surfaces
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thereof are brought into contact with at least onc of the first and second parts of the
second type of clamshcll component during forming of the second type of clamshell

component.

2. The system according to claim 1, wherein the first locator member and the second
locator member are arranged one relative to the other in the first configuration for
locating the first and second parts of the first type ol clamshell component such that
first and second edge portions of the first part are aligned with respective first and
second edge portions of the second part 1n an overlapping arrangement, and wherein
the first locator member and the second locator member are arranged onc relative to
the other in the second configuration for locating the first and second parts of the
second type of clamshell component such that tirst and second edge portions of the
first part are aligned with respective first and second edge portions of the second part

tn an overlapping arrangement.

3. The system according to claim 1 or 2, wherein the first locator member is
controllably movable relative to the second locator member along a first direction in a
horizontal plane for varying a distance between the first locator member and the

second locator member.

4. The system according to claim 3, whercin the first locator member is controllably
movable relative to the second locator member along a second direction that 1s normal
to the horizontal plane, for varying a height of the first locator member relative to a

height of the second locator member.

5. The system according to any one of claims 1 to 4, wherein the support assembly
comprises a {irst base and a second base, the [irst base controllably movable relative to
the sccond base, the first locator member being fixedly secured to the first base and the

second locator member being fixedly secured to the second basc.

6. The system according to claim 5, wherein the first base is a first hexapod robot and

the second base 1s a second hexapod robot.
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7. The system according to any one of claims 1 to 6, wherein the [irst locator member
comprises a first locator pin and the second locator member comprises a second

locator pin.

5 8. The system according to claim 7, wherein during forming of the first type of
clamshell component the first locator member further comprises a first sleeve that is
set onto the first locator pin and a second sleeve that is set onto the second locator pin,
cach of the first and sccond sleeves having a predetermined length and being disposed
between facing inner-surtaces of the first and second parts of the first type ot clamshell

10  component for providing a predetermined first separation therebetween, and wherein
during forming of the second type of clamshcll component the first locator member
further comprises a third sleeve that is set onto the first locator pin and a fourth sleeve
that 1s set onto the second locator pin, cach of the third and fourth sleeves having a
predetermined length and being disposed between facing inner-surfaces of the first and

15  sccond parts of the sccond type of clamshell component for providing a predetermined

second separation therebetwceen.

9. The system according to any one of claims 1 to 8, wherein each squcezer unit of the
plurality of interchangeable squeezer units includes a machine-readable 1dentification

20  tag.

10. The system according to any one ot claims 1 to 9, wherein the contacting surface
of one of the squcezer units of the first pair of squeezer units 1s disposed 1n a spaced-
apart facing arrangement with the contacting surface of the other one of the squeezer
25 units of the first pair of squeezer units when the first pair of squeezer units is mounted
on the squeezer assembly, and wherein the contacting surface of one of the squeezer
units of the sccond pair of squeezer units 1s disposed 1n a spaced-apart facing
arrangcment with the contacting surface of the other one of the squeczer units of the
second pair of squeezer units when the second pair of squeezer units 1s mounted on the

30  squeezer assembly.

11. A method for forming a plurality of ditferent types of clamshell components,

comprising:

2()
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supporting first and second parts of a first type of clamshell component such
that first and sccond locator {eatures of cach of the first and second parts engage first
and second locator members, respectively, of a support assembly, and such that first
and second cdge portions of the first part are aligned with respective first and second
5  edge portions of the second part 1n an overlapping arrangement;
using a first pair of squeezer units mounted on a squeezer assembly, squeezing
together the overlapping first and second edge portions of the first and second parts of
the first type of clamshell component;
during squeezing, joining the first and second parts of the first type of
10 clamshell component so as to form the first type of clamshell component;
moving the first locator member relative to the second locator member so as to
reconfigure the support assembly for forming a second type of clamshell component;
| replacing the first pai’.r of squcezer units with a sccond pair of squeezer units,
the second pair of squeezer units having contacting surfaces that are configured for
15  squcezing together first and second parts of the seccond type of clamshell component;
supporting first and second parts of the second type of clamshell component
such that first and second locator fcaturcs of each of the first and sccond parts cngage
the first and second locator members, respectively, of the support assembly, and such
that {irst and second edge portions of the first part are aligned with respective first and
20 second edge portions of the sccond part 1n an overlapping arrangement;
using the second pair of squeezer units mounted on the squeczer assembly,
squeezing together the overlapping first and sccond edge portions of the tirst and
second parts of the second type of clamshcll component;
during squeezing, joining the first and second parts of the second type of

25 clamshell componcent so as to form the second type of clamshell component.

12. The method according to claim 11, wherein moving the first locator member
rclative to the second locator member compriscs moving the first locator member
relative to the second locator member within a horizontal plane so as to vary a distance

30  therebetween.

13. The method according to claim 12, wherein moving the first locator member

relative to the second locator member comprises moving the {irst locator member
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relative to the second locator member along a direction that 1s normal to the horizontal

plane.

14. The method according to claim 11, wherein moving the [irst locator member
relative to the second locator member comprises moving vertically the first locator

member relative to the second locator member.

15. The method according to any one of claims 11 to 14, wherein replacing the first
pair of squeczer units with the second pair of squeezer units comprises demounting the
first pair of squeezer units from mounting structures of the squeezer assembly and
subsequently mounting the second pair of squeczer units to the mounting structures of

the squeezer assembly.

16. The method according to any onc of claims 11 to 15, wherein the first and second
locator members comprise first and second locator pins, respectively, and wherein
supporting the first and second parts of the first type of clamshell component
Comprises:

placing the first part onto the first and second locator pins such that the first
and second locator pins extend through the first and sccond locator fcatures of the first
part;

placing a first sleeve onto the first locator pin and placing a second sleeve onto
the second locator pin; and,

placing the second part onto the first and second locator pins such that the first
and second locator pins extend through the first and second locator fcatures of the
second part,
and wherein the first and second sleeves provide a first predetermined spacing between
the first and second part, such that the first and second edge portions of the first part
arc alignced with the respective first and second edge portions of the second part in the

overlapping arrangement.

17. The method according to claim 16, wherein supporting the first and second parts of

the second type of clamshcll component comprises:
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and sccond locator pins extend through the first and second locator features of the first
part;

placing a third sleeve onto the first locator pin and placing a fourth sleeve onto
the second locator pin; and,

placing the second part onto the first and second locator pins such that the first
and second locator pins extend through the first and second locator features of the
second part,
and wherein the third and fourth sleeves provide a second predctermined spacing
between the first and second part, such that the first and second edge portions of the
first part are aligned with the respective first and second edge portions of the second

part in the overlapping arrangement.

18. The method according to any one of claims 11 to 17, wherein the support assembly
comprises a first base and a second base, the first base movable relative to the second
base, the first locator member being fixedly secured to the first base and the second
locator member being fixedly securcd to the second base, and wherein moving the first
locator member relative to the second locator member comprises moving the {irst basc

relative to the second base.

19. The method according to claim 18, wherein the first base is a first hexapod robot
and the sccond base 15 a second hexapod robot, and wherein moving the first locator
member relative to the second locator member comprises extending at least onc of the

first hexapod robot and the second hexapod robot.

20). A method for forming a plurality of different types ol clamshell components,
comprising:

- conliguring a support assembly for locating first and second parts of a first type
of clamshell component such that first and sccond edge portions of the first part arc

aligned with respective first and second edge portions of the second part in an

overlapping arrangement;
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using a first pair of squeezer units mounted on a squeezer assembly, squeezing
together the overlapping first and second edge portions of the first and second parts of
the first type of clamshell componcent;

during squeezing, joining the first and second parts of the first type of

clamshell component so as to form the first type of clamshell component;

N

re-configuring the support assembly for locating first and second parts of a
second type of clamshell component such that first and second edge portions of the
first part are aligned with respective first and second edge portions of the sccond part
in an overlapping arrangement, comprising moving the first locator member relative to

10 the second locator member along at least one of a first direction within a horizontal
plane and a second direction that is normal to the horizontal plane;

replacing the first pair of squeezer units with a second pair of squeczer units,
the second pair of squeezer units having contacting surfaces that are configured for
squecezing together the first and second parts of the second type of clamshell

15  component;

squeezing together the overlapping first and second edge portions of the first and
second parts of the second type of clamshell component; and,
during squeezing, joining the first and second parts of the second type of

20 clamshell component so as to form the second type of clamshell component.

21. The method according to claim 20, wherein the support assembly comprises a first
locator member and a second locator member, the first locator member controllably
movable relative to the second locator member, and wherein configuring the support
25  assembly tor locating the first and second parts of the first type of clamshell

component comprises moving the first locator member relative to the second locator
member such that a first locator feature of each of the first and second parts engages
the first locator member and a second locator feature of each of the first and second
parts cngages the sccond locator member when the first and second parts of the first

30 type of clamshell component are supported on the support assembly.

22. The method according to claim 21, wherein re-configuring the support assembly

for locating the first and sccond parts of the second type of clamshell component

24

CA 2752968 2018-01-26



T09069CA

comprises moving the first locator member relative to the second locator member such
that a first locator feature of each of the first and second parts engages the first locator
member and a second locator feature of cach of the first and second parts engages the

second locator member when the tirst and second parts of the second type of clamshell

5 componcnt are supported on the support assembly.

23. The method according to any one of claims 20 to 22, wherein replacing the first
pair of squeezer units with the second pair of squeezer units comprises demounting the
first pair of squeezer units from mounting structures of the squeezer assembly and

10 subsequently mounting the second pair of squeezer units to the mounting structures of

the squcezer assembly.

24. A method for forming a plurality of different types of clamshell components,
COmprising:

15 providing a support asscmbly having a first locator member and a sccond
locator member, the second locator member being movable relative to the first locator
member;

moving the second locator member relative to the first locator member to
provide a first predetermined configuration of the support assembly;

20 supporting a first part of a first type of clamshell component on the support
assembly, such that a first locator feature of the first part engages the first locator
member and a sccond locator feature of the first part engages the second locator
membecr:;

supporting a second part of the first type of clamshell component on the

25  support assembly such that a first locator feature of the second part engages the first
locator member and a second locator feature of the second part engages the second
locator member, and such that first and second edge portions of the first part are
aligned with respective first and second cdge portions of the second part in an
overlapping arrangement;

30 ~ squecezing together the overlapping first and second edge portions of the first
and second parts of the first type of clamshell component, using a first pair of squeczer

units mounted on a squeezer assembly;
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during squeezing, joining the first and second parts of the first type of
clamshell component so as to form the first type of clamshell component;
detaching the first pair of squeczer units from the squeczer assembly;
' mounting a second pair of squeezer units on the squeezer assembly;

5 moving the second locator member relative to the first locator member to
provide a second predetermined configuration of the first locator member and the
second locator member;

supporting a first part of a second type of clamshell component on the support
assembly, such that a first locator feature of the first part engages the first locator
10 member and a second locator feature of the first part engages the second locator
member;
supporting a sccond part of the second type of clamshell component on the
support assembly such that a first locator feature of the second part engages the first
locator member and a second locator featurce of the second part engages the second
15 locator member, and such that first and second edge portions of the first part are
aligned with respective first and second edge portions of the second part in an
overlapping arrangement;
squeezing together the overlapping first and sccond edge portions of the first
and second parts ot the second type of clamshell component, using the second pair of
20 squcezer units mounted on the squeezer assembly; and,
during squcezing, joining the first and second parts of the second type of

clamshell component so as to form the second type of clamshell component.

26

CA 2752968 2018-01-26



CA 02752968 2011-12-13

9L°Dld

qL°Old

PLDId

eL"Dld




CA 02752968 2011-12-13

S [ ] -

eZ 'Ol




318 -308 ~-310

CA 02752968 2011-12-13

316

302
324

FIG.3



412 1o 416
426
420 406 422
402
K 7R7
e\ L L
- 404
4128a 416
430a
408 410
R .-} -|. —.R
|, |
‘X~
434a 432
FIG. 43

CA 2752968 2018-01-26



512

520

526

QA
-
LO

510

508

532

b34a

FIG. 53

CA 2752968 2018-01-26



500

0

512/516
' 524/526
520/522 /
506 502 906
5087 528D
530a 530D
514/518
504
540
534a 534b
536D

CA 2752968 2018-01-26



500
TN

CA 02752968 2011-12-13

AR |

-

L510




a2

CA 02752968 2011-12-13




CA 02752968 2011-12-13

704

FIG.7



CA 02752968 2011-12-13

8 'Ol
51dVd ANOJ3S ANV LSHI4 JHL 40 SNOILHOd 3903 ANOIIS ANY 15414 ONIddYTHIA0 FHL HIHLIDOL NIOf

vi8

719 51dVd ANOJ1S ANV 15414 3HL 40 SNOILHOd 3903 ANODIS ANY 15414 ONIddYTHIAO H4IH13ID0L 3733NDS

oLg -] ININOdWOD THHSWYT 40 3dALANODIS ¥ 40 S14Yd ANODIS ANV 1SHIH 140ddNS

S43733N0S 40 HIVd ANODIS Y HLIM S¥3Z3IN0DS 40 HIvd 1SHIH IV 1dIY

808

ININOdWOD THHSWY1 40 3dA1 ANOI3S ¥ ONIWYO0L HO4 ATAWISSY 140ddNS IUNOIANODIY

908

£08 51aVd ANOJ3S ANV LSHl4 3H1 40 SNOILHOd 31903 ANOIS ANV L1SHI4 ONIddYT4IA0 IHL YIHLIDOL NIOT

70g ~/| 51dVd ANOIS ANV 15414 3IH1 40 SNOLLYOd 3903 ANOIIS ANV LSHIH ONIddYT4IA0 Y3H1ID0L 3733IN0S

008 ININOdWWOD THHHSWY1) 40 3dAL 1SHI ¥ 40 SLHYd ANODIS ANY 1SHI4 140ddNS



CA 02752968 2011-12-13

6'Old

S14Vd AN0D3S ANV 1Sdld JHL 40 SNOILE0d 1904 ANODIS ANV LSdld INIddVTddA0 FHL 4IHLID0L NIOT

Cl6
INANOAWO) TIHASWY 1) 40 3dAL 1SdI4 AHL 40 S1dvd ANODIS ANV 1SHI
016~ 10 SNOILYOd 1903 ANODIS ANV 114 ONIddVYTYIAQ 4IH13D0L 373IN0S
206~/ S43733N0S 40 ¥ivd ANOIIS Y HLIM SHIZ3IN0S 40 Hivd 1S4 DY 1d3
906 INANOAWQOD TIIHSWY1) 40 3dALANOJAS V ONIWH04 404 ATdNASSY 1a0ddNS J4NOIANOIIY
LOE 51dVd ANOJ4S ANV 15did 4H1 40 SNOIL40d 3903 ANOD4S ANV 15414 ONIddV 1ddA0 JH1L d3HLID0L NIOf

ININOdWO) THHHSWY 1) 40 1dAL 15414 AH1 40 S1dVd ANOD4S ANV 1S4l JHL
206 10 SNOIL140d 1904 ANOJA5 ANV 15414 INIddV 1d3A0 d3H13901 3733N0S

ININOAWOD T1IHSWV1) 40 4dAL 1Sdid V 40 S14Vd
006 -1 AN0D1S ANV L1Sd11 ONILHOddNS 404 ATdWASSY 1d04dNS F4NOIHNOD




412 416

4343 432



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

