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COMPONENT HANDLING SYSTEMS AND METHODS
RELATED APPLICATION

[0001] The present application claims the benefit of US Provisional Application No. 63/210,837,
filed June 15, 2021, titted MAGNETIC TOOLING AND ASSOCIATED FIXTURES, docket
MTI-0032-01-US, the entire disclosure of which is expressly incorporated by reference herein.

BACKGROUND

[0002] A jig or fixture may be used to hold a set of objects, for example for welding during
manufacturing. However, clamping mechanisms provided by the fixture may introduce complexity

and expense to part handling and fixturing tasks, among other detriments.

[0003] It is with respect to these and other general considerations that embodiments have been
described. Also, although relatively specific problems have been discussed, it should be
understood that the embodiments should not be limited to solving the specific problems identified

in the background.
SUMMARY

[0004] In an exemplary embodiment of the present disclosure, a system comprising a fixture and
an end-of-arm tool (EOAT) is provided. The fixture comprises a first interfacing feature and a
second interfacing feature. The EOAT comprises a third interfacing feature corresponding to the
first interfacing feature of the fixture and a fourth interfacing feature corresponding to the second
interfacing feature of the fixture. In an example, the first interfacing feature is a locator and the
third interfacing feature is a plate configured to receive the locator of the first interfacing feature.
In another example, the first interfacing feature further comprises a magnetic gripper and the plate
configured to receive the locator is ferromagnetic. In a further example, the second interfacing
feature is a magnetic gripper and the fourth interfacing feature is a ferromagnetic plate. In an
example, the first interfacing feature is a first magnetic gripper and the third interfacing feature is
a second magnetic gripper. In yet another example, the fixture and the EOAT are configured to
retain an object when the first interfacing feature of the fixture interfaces with the third interfacing
feature of the EOAT and the second interfacing feature of the fixture interfaces with the fourth
interfacing feature of the EOAT. In a further still example, the system further comprises a tool

operable to interact with the object retained by the fixture and the EOAT. In an example, the third
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interfacing feature and the fourth interfacing feature are configured to receive power from a robot
to which the EOAT is coupled. In another example, the third interfacing feature and the fourth
interfacing feature are configured to receive power from the fixture when the EOAT is in a

configuration to retain an object.

[0005] In another exemplary embodiment of the present disclosure, a system for holding at least
one assembly of parts is provided. The system comprising: a fixture including a frame and a first
interfacing feature; and an end-of-arm-tool (EOAT) including a frame and a second interfacing
feature. The fixture and the EOAT cooperating to hold the at least one assembly of parts by
coupling the EOAT to the fixture through a magnetic interaction between the first interfacing

feature of the fixture and the second interfacing feature of the EOAT.

[0006] In an example thereof, the first interfacing feature of the fixture and the second interfacing

feature of the EOAT cooperate to both position and orient the EOAT relative to the fixture.

[0007] In another example thereof, the first interfacing feature is one of a first plurality of
interfacing features of the fixture and the second interfacing feature is one of a second plurality of
interfacing features of the EOAT and the first plurality of interfacing features of the fixture and

the second plurality of cooperate to both position and orient the EOAT relative to the fixture.

[0008] In a further example thereof, the magnetic interaction between the first interfacing feature
of the fixture and the first interfacing feature of the EOAT is established due to contact between
the first interfacing feature of the fixture and the second interfacing feature of the EOAT
independent of the at least one assembly of parts. In a variation thereof, the at least one assembly
of parts defines an ultimate outer perimeter and the first interfacing feature of the fixture and the
second interfacing feature of the EOAT are both positioned to be within the ultimate outer
perimeter of the at least one assembly of parts. In another variation thereof, the at least one
assembly of parts defines an ultimate outer perimeter and the first interfacing feature of the fixture
and the second interfacing feature of the EOAT are both positioned to be outboard of the ultimate

outer perimeter of the at least one assembly of parts.

[0009] In still another example thereof, the first interfacing feature of the fixture and the second
interfacing feature of the EOAT are spaced apart and the magnetic interaction between the first
interfacing feature of the fixture and the second interfacing feature of the EOAT is established
through the at least one assembly of parts.
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[0010] In still a further example thereof, one of the first interfacing feature of the fixture and the
second interfacing feature of the EOAT includes a locator pin and the other of the first interfacing
feature of the fixture and the second interfacing feature of the EOAT includes a recess which
receives the locator pin of the one of the first interfacing feature of the fixture and the second

interfacing feature of the EOAT.

[0011] In yet still a further example thereof, the fixture includes a third interfacing feature and the
end-of-arm-tool (EOAT) includes a fourth interfacing feature, the fixture and the EOAT
cooperating to hold the at least one assembly of parts by a magnetic interaction between the third
interfacing feature of the fixture and the fourth interfacing feature of the EOAT. In a variation
thereof, the fixture includes a fifth interfacing feature and the end-of-arm-tool (EOAT) includes a
sixth interfacing feature, the fixture and the EOAT cooperating to hold the at least one assembly
of parts by a magnetic interaction between the fifth interfacing feature of the fixture and the sixth

interfacing feature of the EOAT.

[0012] In a further still example thereof, the EOAT includes a plurality of grippers coupled to the
frame and positioned hold at least a portion of the at least one assembly of parts to the EOAT when
the EOAT is spaced apart from the fixture, a first gripper of the plurality of grippers is adapted to
hold the portion of the at least one assembly of parts to the EOAT through a first interaction with
the at least one assembly of parts. In a variation thereof, when the EOAT is coupled to the fixture
through the magnetic interaction between the first interfacing feature of the fixture and the second
interfacing feature of the EOAT, the first gripper of the plurality of grippers is adapted to hold the
portion of the at least one assembly of parts to the EOAT through a second interaction with the
portion of the at least one assembly of parts. In another variation thereof, the first gripper is a
magnetic gripper and the first interaction is a magnetic interaction between the first gripper and
the portion of the at least one assembly of parts and the second interaction is a clamping of the
portion of the at least one assembly of parts between the first gripper and the fixture. In a further
variation thereof, each of the plurality of grippers are single side grippers which are adapted to
directly contact a single side of the portion of the at least one assembly of parts. In still another
variation thereof, at least one of the plurality of grippers is a double side gripper which is adapted
to directly contact both sides the portion of the at one assembly of parts. In yet still another
variation thereof, each of the plurality of grippers are positioned to be within an ultimate outer

envelope of the portion of the at one assembly of parts.
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[0013] In a further yet example thereof, the fixture is supported on a base. In a variation thereof,

the fixture is stationary.

[0014] In yet still another example thereof, the fixture is a second EOAT, the EOAT is adapted to
be coupled to a first robot for movement by the first robot and the fixture is adapted to be coupled

to a second robot for movement by the second robot.

[0015] In a further exemplary embodiment of the present disclosure, a system is provided. The
system comprising a fixture and an end-of-arm tool (EOAT). The fixture comprising: a first
interfacing feature; and a second interfacing feature. The an end-of-arm tool (EOAT) comprising:
a third interfacing feature corresponding to the first interfacing feature of the fixture; and a fourth

interfacing feature corresponding to the second interfacing feature of the fixture.

[0016] In an example thereof, the first interfacing feature is a locator and the third interfacing
feature is a plate configured to receive the locator of the first interfacing feature. In a variation
thereof, the first interfacing feature further comprises a magnetic gripper and the plate configured

to receive the locator is ferromagnetic.

[0017] In another example thereof, the second interfacing feature is a magnetic gripper and the

fourth interfacing feature is a ferromagnetic plate.

[0018] In a further example thereof, the first interfacing feature is a first magnetic gripper and the

third interfacing feature is a second magnetic gripper.

[0019] In yet another example thereof, the fixture and the EOAT are configured to retain an object
when: the first interfacing feature of the fixture interfaces with the third interfacing feature of the
EOAT; and the second interfacing feature of the fixture interfaces with the fourth interfacing
feature of the EOAT. In a variation thereof, the system further comprising a tool operable to

interact with the object retained by the fixture and the EOAT.

[0020] In still another example thereof, the third interfacing feature and the fourth interfacing
feature are configured to receive power from a robot to which the EOAT is coupled. In a variation
thereof, the third interfacing feature and the fourth interfacing feature are configured to receive

power from the fixture when the EOAT is in a configuration to retain an object.

[0021] In yet another exemplary embodiment of the present disclosure, a method of performing a

manufacturing operation on at least one assembly of parts is provided. The method comprising
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the steps of: coupling at least a portion of the at least one assembly of parts to an end-of-arm-tool
(EOAT) of a robot with at least one gripper; transporting the portion of the at least one assembly
of the parts to a fixture; coupling the EOAT to the fixture to hold the at least one assembly of parts
with the fixture and the EOAT; and performing the manufacturing operation on the at least one
assembly of parts while the at least one assembly of parts is being held by the fixture and the
EOAT. In a variation thereof, the at least one gripper includes a first magnetic gripper and the
step of transporting the portion of the at least one assembly of the parts to the fixture includes the
steps of: configuring the first gripper to have a first magnetic strength relative to the at least one
assembly of parts while the portion of the at least one assembly of parts is a first distance from the
fixture; and configuring the first gripper to have a second magnetic strength relative to the at least
one assembly of parts while the portion of the at least one assembly of parts is a second distance
from the fixture, the second magnetic strength being less than the first magnetic strength and the
second distance being less than the first distance. In another variation thereof, subsequent to the
step of coupling the EOAT to the fixture to hold the at least one assembly of parts with the fixture
and the EOAT, the method further comprising the step of configuring the first gripper to have a
third magnetic strength relative to the at least one assembly of parts, the third magnetic strength
being less than the second magnetic strength. In a further variation thereof, subsequent to the step
of performing the manufacturing operation on the at least one assembly of parts while the at least
one assembly of parts is being held by the fixture and the EOAT, the method further comprising
the step of configuring the first gripper to have a fourth magnetic strength relative to the at least
one assembly of parts, the fourth magnetic strength being at least equal to the second magnetic
strength. In still a further variation thereof, the fourth magnetic strength is greater than the second

magnetic strength.

[0022] In yet another example thereof, the portion of the at least one assembly of parts is the whole

of the at least one assembly of parts.

[0023] In still another example thereof, a second portion of the at least one assembly of parts is

positioned on the fixture prior to the step of coupling the EOAT to the fixture.

[0024] In yet still another example, the method further comprises the step of: decoupling the robot

from the EOAT prior to the step of performing the manufacturing operation.

[0025] In a further still example thereof, the step of coupling at least the portion of the at least one
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assembly of parts to an end-of-arm-tool (EOAT) of a robot with the at least one gripper includes
the steps of: contacting the portion of the at least one assembly of parts with the at least one
gripper; providing power to the at least one gripper from the robot; generating at least one magnetic
circuit between the at least one gripper and the portion of the at least one assembly of parts. In a
variation thereof, the power is at least one of electric power, pneumatic power, and hydraulic

power.

[0026] In still a further example thereof, the step of coupling the EOAT to the fixture to hold the
at least one assembly of parts with the fixture and the EOAT includes the steps of: providing at
least one magnetic coupling device on the fixture; providing power to the at least one magnetic
coupling device on the fixture independent of the EOAT; generating at least one magnetic circuit
between the at least one magnetic coupling device and the EOAT. In a variation thereof, the power
is at least one of electric power, pneumatic power, and hydraulic power. In another variation
thereof, the at least one magnetic circuit between the at least one magnetic coupling device and the
EOAT passes through the at least one assembly of parts. In a further variation thereof, the at least
one magnetic circuit between the at least one magnetic coupling device and the EOAT is

independent of the at least one assembly of parts.

[0027] In still yet another exemplary embodiment of the present disclosure, a method of
performing a manufacturing operation on at least one assembly of parts is provided. The method
comprising the steps of: coupling at least a portion of the at least one assembly of parts to an end-
of-arm-tool (EOAT) of a robot with a plurality of grippers, a first gripper of the plurality of grippers
holds the portion of the at least one assembly of parts to the EOAT through a first interaction with
the portion of the at least one assembly of parts; transporting the portion of the at least one
assembly of the parts to a fixture; coupling the EOAT to the fixture to hold the at least one assembly
of parts with the fixture and the EOAT through the steps of: magnetically coupling a first
interfacing feature of the fixture with a second interfacing feature of the EOAT; and holding the
portion of the at least one assembly of the parts to the EOAT with a second interaction of the first
gripper with the portion of the at least one assembly of parts. The method further comprising
performing the manufacturing operation on the at least one assembly of parts while the at least one

assembly of parts is being held by the fixture and the EOAT.

[0028] In an example thereof, the first gripper is a magnetic gripper and the first interaction is a
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magnetic interaction between the first gripper and the portion of the at least one assembly of parts
and the second interaction is a clamping of the portion of the at least one assembly of parts between

the first gripper and the fixture.
[0029] In another example thereof, the fixture is supported on a base.
[0030] In a further example thereof, the fixture is stationary.

[0031] In still another example thereof, the fixture is a second EOAT, the EOAT is adapted to be
coupled to a first robot for movement by the first robot and the fixture is adapted to be coupled to

a second robot for movement by the second robot.

[0032] This summary is provided to introduce a selection of concepts in a simplified form that are
further described below in the Detailed Description. This summary is not intended to identify key
features or essential features of the claimed subject matter, nor is it intended to be used to limit the

scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Non-limiting and non-exhaustive examples are described with reference to the following

Figures.

[0034] FIG. 1 illustrates a representative view of a robot having an end-of-arm-tool (EOAT)
attached to an end of the arm and including a plurality of grippers to secure at least one part to the

EOAT and a plurality of interfacing features;

[0035] FIG. 2 illustrates a representative view of the robot and EOAT assembly of FIG. 1 with a
plurality of parts coupled to a first number of the plurality of grippers;

[0036] FIG. 3 illustrates a representative view of the robot and EOAT assembly of FIG. 1
approaching a fixture supporting at least one part and a plurality of interfacing features which

interface with the plurality of interfacing features of the EOAT;

[0037] FIG. 4 illustrates the arrangement of FIG. 3 wherein the plurality of interfacing features of
the fixture and the plurality of interfacing features of the EOAT cooperate to hold the assembly of
parts;

[0038] FIG. 5 illustrates the arrangement of FIG. 4 with the robot decoupled from the EOAT;

7
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[0039] FIG. 6 illustrates an exemplary arrangement of an EOAT approaching a fixture and holding

at least one part or part assembly;

[0040] FIG. 6A illustrates an exemplary first interfacing feature of the EOAT and a first

interfacing feature of the fixture;

[0041] FIG. 7 illustrates the EOAT and fixture of FIG. 6 wherein the EOAT is coupled to the
fixture and the EOAT and the fixture cooperate to hold the at least one part or part assembly;

[0042] FIG. 8 illustrates another exemplary arrangement of an EOAT approaching a fixture and
holding at least one part or part assembly;

[0043] FIG. 9 illustrates the EOAT and fixture of FIG. 8 wherein the EOAT is coupled to the
fixture and the EOAT and the fixture cooperate to hold the at least one part or part assembly;

[0044] FIG. 10 illustrates a top view of a plurality of representative parts;

[0045] FIG. 11 illustrates a sectional view of the plurality of representative parts along lines 11-

11 in FIG. 10;

[0046] FIG. 12 illustrates a top view of the plurality of representative parts of FIG. 10 with a first
part coupled to an exemplary EOAT and a second part coupled to an exemplary fixture while the
exemplary EOAT is uncoupled from the exemplary fixture;

[0047] FIG. 13 illustrates a sectional view of the plurality of representative parts along lines 13-
13 in FIG. 12 while the exemplary EOAT is uncoupled from the exemplary fixture;

[0048] FIG. 12 illustrates a top view of the plurality of representative parts of FIG. 12 with the
exemplary EOAT coupled from the exemplary fixture;

[0049] FIG. 15 illustrates a sectional view of the plurality of representative parts along lines 15-
15 in FIG. 14 while the exemplary EOAT is uncoupled from the exemplary fixture;

[0050] FIG. 16 illustrates a top view of the plurality of representative parts of FIG. 14 and

indicated weld points to secure the first part to the second part;

[0051] FIG. 17 illustrates a top view of a portion of the exemplary positions of a welder of a weld
robot relative to the EOAT and fixture and associated holding members to complete the welds at

the indicated weld points of FIG. 16;
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[0052] FIG. 18 illustrates a top view of a portion of the exemplary positions of a welder of a weld
robot relative to pneumatic clamping members to complete the welds at the indicated weld points

of FIG. 16;
[0053] FIG. 19 illustrates a side view of an exemplary pneumatic clamp of FIG. 18;
[0054] FIG. 20 illustrates a top perspective view of an exemplary EOAT;

[0055] FIG. 21 illustrates a bottom perspective view of the exemplary EOAT of FIG. 20 including

a plurality of interfacing features;

[0056] FIG. 22 illustrates the view of FIG. 20 with a part assembly of a plurality of parts positioned

relative to the plurality of interfacing features;

[0057] FIG. 23 illustrates a top perspective view of an exemplary fixture for use with the
exemplary EOAT of FIG. 20 including a plurality of interfacing features;

[0058] FIG. 24 illustrates a top perspective view of the exemplary EOAT of FIG. 20 including a
plurality of interfacing features and a plurality of grippers to hold the part assembly of the plurality
of parts of FIG. 22;

[0059] FIG. 25 illustrates a side perspective view of the exemplary EOAT of FIG. 20 including
the plurality of interfacing features and the plurality of grippers of FIG. 24 coupled to the part
assembly of the plurality of parts of FIG. 22;

[0060] FIG. 26 illustrates the arrangement of FIG. 25 approaching the exemplary fixture of FIG.
23;

2

[0061] FIG. 27 illustrates the arrangement of FIG. 25 coupled to the fixture of FIG. 23 through
the plurality of interfacing features of the EOAT and the plurality of interfacing features of the
fixture;

[0062] FIG. 28 illustrates a partial sectional view of a first interfacing feature of the EOAT coupled
to a first interfacing feature of the fixture taken along lines 28-28 in FIG. 27,

[0063] FIG. 29 illustrates a lower perspective view of a second interfacing feature of the EOAT

spaced apart from a second interfacing feature of the fixture as the EOAT approaches the fixture;

[0064] FIG. 30 illustrates the lower perspective view of FIG. 29 of the second interfacing feature
of the EOAT coupled to the second interfacing feature of the fixture;

9
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[0065] FIG. 31 illustrates a partial sectional view of the second interfacing feature of the EOAT

coupled to the second interfacing feature of the fixture taken along lines 31-31 in FIG. 30;

[0066] FIG. 32 illustrates a representative view of an exemplary magnetic coupling device having
multiple workpiece contact interfaces for each pole of the magnetic coupling device and the

magnetic coupling device in an OFF state;

[0067] FIG. 33 illustrates the magnetic coupling device of FIG.32 with the magnetic coupling

device in an ON state;
[0068] FIG. 34 illustrates the magnetic coupling device of FIG. 32 with a sensing system;

[0069] FIG. 35 illustrates a representative view of an exemplary magnetic coupling device having
multiple workpiece contact interfaces for each pole of the magnetic coupling device, the magnetic
coupling device including a stack of permanent magnets with a first permanent magnet moveable

relative to a second permanent magnet with an actuator;

[0070] FIG. 36 illustrates the magnetic coupling device of FIG. 35 including an electronic

controller operatively coupled to the actuator;

[0071] FIG. 37 illustrates a representative view of an exemplary magnetic coupling device having
multiple workpiece contact interfaces for each pole of the magnetic coupling device, the magnetic
coupling device including a stack of permanent magnets with a first electro-permanent magnet and

a second permanent magnet;

[0072] FIG. 38 illustrates a top view of an exemplary magnet and pole piece assembly of the
magnetic coupling device of FIG. 35;

[0073] FIG. 39 illustrates a sectional view of another exemplary magnet and pole piece assembly

of the magnetic coupling device of FIG. 35;

[0074] FIG. 40 illustrates a top view of an exemplary magnet and pole piece assembly of the

magnetic coupling device of FIG. 35 without the central channel;

[0075] FIG. 41 illustrates a top view of an exemplary magnet and pole piece assembly of the
magnetic coupling device of FIG. 35 without the central channel and including a ferromagnetic

cores; and

[0076] FIG. 42 illustrates an exemplary interfacing feature of an EOAT and an exemplary

10
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interfacing feature of a fixture, wherein each of the exemplary interfacing feature of an EOAT and
the exemplary interfacing feature of a fixture include multiple locators to both position and orient

the EOAT relative to the fixture.
DETAILED DESCRIPTION

[0077] In the following detailed description, references are made to the accompanying drawings
that form a part hereof, and in which are shown by way of illustrations specific embodiments or
examples. These aspects may be combined, other aspects may be utilized, and structural changes
may be made without departing from the present disclosure. Embodiments may be practiced as
methods, systems or devices. The following detailed description is therefore not to be taken in a
limiting sense, and the scope of the present disclosure is defined by the appended claims and their

equivalents.

[0078] End-of-arm tools (EOATS) and fixtures may be used to manipulate and support objects, for
example as part of a manufacturing process. As an example, an EOAT may be coupled to a robot
and used to hold an object or to move an object to a fixture, at which point the object may be
supported by the fixture. Example robots include industrial robots having a plurality of links
moveably coupled together to alter a position of an end of the robot in space and hence the position
of the EOAT. In examples, an EOAT may be used to place a set of objects in a fixture according
to a certain arrangement. For example, the objects may be adjacent to one another or “married,” at

which point the fixture may clamp the objects and the objects may be welded together.

[0079] However, clamping by a fixture may introduce additional complexity, as each clamp may
contact the part from two opposing sides. As a result, fixtures may exhibit additional mechanical
complexity and increased size, resulting in added cost, space utilization, and energy consumption,
among other detriments. Further, welding the objects together or using any of a variety of other
tools while the objects are retained by the fixture may be difficult, as such tools need to follow a
path that ensures they do not collide with the clamps or other parts of the fixture. The resulting
toolpath may be longer and more complex, and may therefore introduce additional time into the

manufacturing process.

[0080] Accordingly, aspects of the present disclosure relate to a magnetic EOAT and associated
fixtures. As an example, an EOAT may comprise one or more grippers, pin clamps, clamps, and

locators to interact with an object. Exemplary locators include pins (e.g., a 2-way locating pin or

11
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a 4-way locating pin) and other locating features. Example grippers include suction cup grippers

and magnetic grippers.

[0081] Magnetic grippers are used with ferromagnetic objects and generally include pole shoes as
the respective interface with the object and a magnetic flux source which supplies a magnetic flux
at the surface of the pole shoes to create a magnetic circuit through the pole shoes and the object.
Exemplary magnetic flux sources include electromagnets, electro-permanent magnets, rare earth
permanent magnets, other suitable magnets, and combinations thereof. Exemplary magnetic
grippers are disclosed in US Patent Nos. US7012495, US8878639, US10903030; US Published
Patent Application Nos. US20180311795 and US20210031317, US Provisional Patent
Application No. 63/194,692; and Published PCT Application No. W02020086791A1, the entire
disclosures of which are expressly incorporated by reference herein. Examples of magnetic
grippers, also referred to as magnetic coupling devices are described herein in relation to FIGS.

32-41.

[0082] Referring to FIG. 1, a robot 90 having an arm 92 supported by a base 94 is shown. Attached
to the end of arm 92 is an end-of-arm-tool (EOAT) 10. EOAT 10 includes an interface 11 which
attaches to the end of arm 92 of robot 90.

[0083] EOAT 10 includes a frame 12, a plurality of interfacing features, illustratively a first
interfacing feature 14, a second interfacing feature 16, and a third interfacing feature 18, coupled
to the frame 12. Each of first interfacing feature 14, second interfacing feature 16, and third
interfacing feature 18 interface with corresponding interfacing features on a fixture 50 (see FIG.
3) which includes a frame 52 and a plurality of interfacing features, illustratively a first interfacing
feature 54 which interfaces with first interfacing feature 14 of EOAT 10, a second interfacing
feature 56 which interfaces with second interfacing feature 16 of EOAT 10, and a interfacing
feature 58 which interfaces with third interfacing feature 18 of EOAT 10. As explained herein in
more detail the plurality of interface features of EOAT 10 and the plurality of interface features of
fixture 50 position and orient EOAT 10 relative to fixture 50 and hold EOAT 10 relative to fixture
50. EOAT 10 is held relative to fixture 50 due to one or more of the plurality of interface features
of EOAT 10 and the plurality of interface features of fixture 50 being a magnetic gripper or other
device that may be actuated to hold EOAT 10 relative to fixture 50. Each of first interfacing

feature 14, second interfacing feature 16, and third interfacing feature 18 are shown to include a
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locator pin which is received in a corresponding recess of first interfacing feature 54, second

interfacing feature 56, and interfacing feature 58 (see FIG. 4).

[0084] In embodiments, one or more of first interfacing feature 14, second interfacing feature 16,
and third interfacing feature 18 includes a recess to receive a locator pin on the corresponding one
of first interfacing feature 54, second interfacing feature 56, and interfacing feature 58. Further,
one or more of first interfacing feature 14, second interfacing feature 16, and third interfacing
feature 18, first interfacing feature 54, second interfacing feature 56, and interfacing feature 58
may include a magnetic gripper or other securement device to hold EOAT 10 relative to fixture
50. Although three interfacing features are shown for each of EOAT 10 and fixture 50, in
embodiments, each of EOAT 10 and fixture 50 may contain more or less interfacing features. As
described herein, it is contemplated to have a single interfacing feature which positions and orients

EOAT 10 relative to fixture 50 and secures EOAT 10 to fixture 50 (see FIG. 42).

[0085] As shownin FIG. 1, EOAT 10 is holding a first part 20 and a second part 22 with a plurality
of magnetic grippers 30A-D. Illustratively, two magnetic grippers 30 are holding each part 20, 22.
In embodiments, more of less magnetic grippers may be used to hold a respective part. Although
first part 20 and second part 22 are illustrated as individual parts, each may be an assembly of

multiple parts.

[0086] Exemplary magnetic grippers which may be used as magnetic grippers 30 are disclosed
herein. In general, magnetic grippers 30 each include a switchable magnetic flux source (not
shown) and at least a pair of pole shoes, first pole shoe 32 and second pole shoe 34 illustrated. In
embodiments, the pole shoes described throughout this application are separate components
mounted to a housing, either directly or indirectly, including the switchable magnet flux source.
In embodiments, the pole shoes described throughout this application are part of the housing
including the switchable magnet flux source. The switchable magnetic flux source is switchable
between an ON state wherein a magnetic circuit is formed by the switchable magnetic flux source,
the associated pole shoes 32, 34, and the respective part 20, 22 and an OFF state wherein a
magnetic circuit sufficient to hold the respective part 20, 22 to EOAT 10 is not formed between
the magnetic gripper 30 and the respective part 20, 22. FIG. 2 illustrates a third part 24 which is
also held by EOAT 10 with magnetic gripper 30A and magnetic gripper 30B through first part 20.

[0087] In the examples, first part 20, second part 22, and third part 24 are each ferromagnetic parts
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and can thus be held by magnetic grippers 30. In embodiments, one or more of magnetic grippers
30 may be replaced with other types of grippers, such as suction grippers, pin clamps, or other
suitable devices to hold the respective parts to EOAT 10. Non-magnetic grippers may be used
also with non-ferromagnetic parts. Further, magnetic grippers may be used with non-
ferromagnetic parts if a ferromagnetic component, such as another part, is positioned behind the
non-ferromagnetic part and then the magnetic circuit is formed between the magnetic gripper and

the ferromagnetic component.

[0088] As shown in FIG. 1, each of first interfacing feature 14, second interfacing feature 16, and
third interfacing feature 18 are outside of an ultimate outer perimeter of first part 20 and second
part 22 and connect directly with the corresponding one of first interfacing feature 54, second
interfacing feature 56, and interfacing feature 58 (see FIGS. 4 and 5). In embodiments, one or
more of first interfacing feature 14, second interfacing feature 16, and third interfacing feature 18
are within the ultimate outer perimeter of one of first part 20 and second part 22 and connects
directly with the corresponding one of first interfacing feature 54, second interfacing feature 56,
and interfacing feature 58 through an opening in the respective one of first part 20 and second part
22. In embodiments, one or more of first interfacing feature 14, second interfacing feature 16, and
third interfacing feature 18 are within the ultimate outer perimeter of one of first part 20 and second
part 22 and connects with the corresponding one of first interfacing feature 54, second interfacing
feature 56, and interfacing feature 58 through the respective one of first part 20 and second part
22, the connection may be a magnetic connection with a magnetic gripper provided as at least part
of one or more of first interfacing feature 14, second interfacing feature 16, third interfacing feature
18, first interfacing feature 54, second interfacing feature 56, and interfacing feature 58. In
embodiments, one or more of first interfacing feature 14, second interfacing feature 16, and third
interfacing feature 18 are within the ultimate outer perimeter of one of first part 20 and second part
22 and connects through a first connection with the corresponding one of first interfacing feature
54, second interfacing feature 56, and interfacing feature 58 through the respective one of first part
20 and second part 22, the connection may be a magnetic connection with a magnetic gripper
provided as at least part of one or more of first interfacing feature 14, second interfacing feature
16, third interfacing feature 18, first interfacing feature 54, second interfacing feature 56, and
interfacing feature 58 and connects through a second connection with the corresponding one of

first interfacing feature 54, second interfacing feature 56, and interfacing feature 58 through an

14



WO 2022/266255 PCT/US2022/033676

opening in the respective one of first part 20 and second part 22.

[0089] As shown in FIG. 3, fixture 50 is holding a fourth part 26 with a plurality of magnetic
grippers 30E-H. [Illustratively, four magnetic grippers 30 are holding fourth part 26. In
embodiments, more or less magnetic grippers may be used to hold a respective part. Although

fourth part 26 is illustrated as an individual part, it may be an assembly of multiple parts.

[0090] In the examples, fourth part 26 is a ferromagnetic part and can thus be held by magnetic
grippers 30. In embodiments, one or more of magnetic grippers 30 may be replaced with other
types of grippers, such as suction grippers, pin clamps, or other suitable devices to hold the
respective parts to fixture 50. Non-magnetic grippers may be used also with non-ferromagnetic

parts.

[0091] The position and orientation of fourth part 26 on fixture 50 is set so that when EOAT 10 is
coupled to fixture 50 through first interfacing feature 14, second interfacing feature 16, third
interfacing feature 18, first interfacing feature 54, second interfacing feature 56, and interfacing
feature 58 first part 20 and second part 22 are positioned relative to fourth part 26 to perform
further manufacturing operations, such as welding. In embodiments, fixture 50 does not have a
part 26 held thereon as EOAT 10 approaches with first part 20 and second part 22. Although one
part, fourth part 26 is shown on fixture 50, and two parts 20 and 22 are shown on EOAT 10, it
should be appreciated that any number of parts or assemblies of parts may be used with EOAT 10

and/or fixture 50 including the absence of any parts.

[0092] As shown in FIG. 3, each of first interfacing feature 54, second interfacing feature 56, and
interfacing feature 58 are outside of an ultimate outer perimeter of fourth part 26 (interfacing
feature 56 is shown overlapping with fourth part 26, but is completely behind fourth part 26) and
connect directly with the corresponding one of first interfacing feature 14, second interfacing
feature 16, and third interfacing feature 18 (see FIGS. 4 and 5). In embodiments, one or more of
first interfacing feature 54, second interfacing feature 56, and interfacing feature 58 are within the
ultimate outer perimeter of fourth part 26 and connects directly with the corresponding one of first
interfacing feature 14, second interfacing feature 16, and third interfacing feature 18 through an
opening in fourth part 26. In embodiments, one or more of first interfacing feature 54, second
interfacing feature 56, and interfacing feature 58 are within the ultimate outer perimeter of fourth

part 26 and connects with the corresponding one of first interfacing feature 14, second interfacing
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feature 16, and third interfacing feature 18 through fourth part 26, the connection may be a
magnetic connection with a magnetic gripper provided as at least part of one or more of first
interfacing feature 14, second interfacing feature 16, third interfacing feature 18, first interfacing
feature 54, second interfacing feature 56, and interfacing feature 58. In embodiments, one or more
of first interfacing feature 54, second interfacing feature 56, and interfacing feature 58 are within
the ultimate outer perimeter of fourth part 26 and connects through a first connection with the
corresponding one of first interfacing feature 14, second interfacing feature 16, and third
interfacing feature 18 through fourth part 26, the connection may be a magnetic connection with a
magnetic gripper provided as at least part of one or more of first interfacing feature 14, second
interfacing feature 16, third interfacing feature 18, first interfacing feature 54, second interfacing
feature 56, and interfacing feature 58 and connects through a second connection with the
corresponding one of first interfacing feature 14, second interfacing feature 16, and third

interfacing feature 18 through an opening in fourth part 26.

[0093] Referring to FIG. 4, EOAT 10 is coupled to fixture 50. The connections between first
interfacing feature 14, second interfacing feature 16, third interfacing feature 18, first interfacing
feature 54, second interfacing feature 56, and interfacing feature 58 position and orient EOAT 10
relative to fixture 50 and hence position and orient first part 20 and second part 22 relative to fourth
part 26. Further, one or more of first interfacing feature 14, second interfacing feature 16, third
interfacing feature 18, first interfacing feature 54, second interfacing feature 56, and interfacing
feature 58 includes securement devices, such as magnetic grippers, which hold EOAT 10 onto
fixture 50. Once EOAT 10 is coupled to fixture 50, robot 90 can decouple from interface 11 of
EOAT 10 and be implemented for another task.

[0094] In embodiments, magnetic gripper 30A, magnetic gripper 30B, magnetic gripper 30C, and
magnetic gripper 30D receive power from robot 90 to control the switchable magnetic flux sources
and if any of first interfacing feature 14, second interfacing feature 16, and third interfacing feature
18 includes a magnetic gripper it also receives power from robot 90 to control the respective
magnetic flux source. The term power depends on the type of magnetic gripper and includes
electrical power, hydraulic power, pneumatic power, and combinations thereof. Once robot 90 is
decoupled from EOAT 10, the magnetic state of magnetic gripper 30A, magnetic gripper 30B,
magnetic gripper 30C, and magnetic gripper 30D and any of first interfacing feature 14, second

interfacing feature 16, and third interfacing feature 18 which includes a magnetic gripper may not
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be changed. In one example when EOAT 10 is coupled to fixture 50, the magnetic state of each
of magnetic gripper 30A, magnetic gripper 30B, magnetic gripper 30C, and magnetic gripper 30D
is set to the OFF state. Thus, each of magnetic gripper 30A, magnetic gripper 30B, magnetic
gripper 30C, and magnetic gripper 30D holds the respective one of parts 20, 22 with a first
interaction (magnetic) when EOAT 10 is spaced apart from fixture 50 and a second interaction
(pinching or clamping due to the connection between EOAT 10 and fixture 50) when EOAT 10 is
coupled to fixture 50 and robot 90 is decoupled from EOAT 10. An advantage, among others, of
the magnetic state of each of magnetic gripper 30A, magnetic gripper 30B, magnetic gripper 30C,
and magnetic gripper 30D being set to the OFF state is that repulsions with the magnetic grippers
and/or interfacing features of fixture 50 may be avoided. In embodiments, magnetic grippers 30A-
D maintain their current magnetic state in the event of a power cutoff. Thus, it is possible to
maintain each of magnetic grippers 30A-D in an ON state or partial ON state when EOAT 10 is
coupled to fixture 50 and robot 90 is decoupled from EOAT 10. In this situation, each of magnetic
gripper 30A, magnetic gripper 30B, magnetic gripper 30C, and magnetic gripper 30D holds the
respective one of parts 20, 22 with a first interaction (magnetic) when EOAT 10 is spaced apart
from fixture 50 and with the first interaction (magnetic) and a second interaction (pinching or
clamping due to the connection between EOAT 10 and fixture 50) when EOAT 10 is coupled to
fixture 50 and robot 90 is decoupled from EOAT 10.

[0095] In embodiments, when EOAT 10 is spaced apart from fixture 50, such as in FIG. 1, each
of magnetic gripper 30A-D may be in an ON state wherein the magnetic flux from the switchable
magnetic flux source may fully saturate first part 20 and second part 22 depending on part
characteristics, such as thickness. As EOAT 10 approaches fixture 50 (see FIG. 3), each of
magnetic gripper 30A-D may be altered to be to be in a partial ON state to wherein the magnetic
flux from the switchable magnetic flux source may be confined generally to first part 20 and second
part 22, but be sufficient to hold the first part 20 or second part 22 to EOAT 10. Thus, magnetic
gripper 30A-D will not inadvertently lift fourth part 26 relative to fixture 50 and/or interfere with
the alignment of EOAT 10 relative to fixture 50. Once EOAT 10 is coupled to fixture 50, each of
magnetic gripper 30A-D may be altered to be to be in an OFF state wherein the magnetic flux from
the switchable magnetic flux source is neither absent or generally confined to the respective

magnetic gripper 30A-D.

[0096] Once manufacturing operations have been performed on one or more of first part 20,

17



WO 2022/266255 PCT/US2022/033676

second part 22, and fourth part 26, the state of magnetic gripper 30A-D may again be altered. For
example, first part 20 and second part 22 may be welded to fourth part 26 as a manufacturing
operation. The combined assembly of first part 20, second part 22, and fourth part 26 may then be
lifted relative to fixture 50 by turning magnetic gripper 30E-H to an OFF state and magnetic
gripper 30A-D in another partial ON state wherein the magnetic flux of the switchable magnetic
flux sources of magnetic gripper 30A-D are generally confined to the assembly of first part 20,
second part 22, and fourth part 26 and the assembly may be lifted along with the remainder of
EOAT 10 relative to fixture 50. Once EOAT 10 is separated from fixture 50, each of magnetic
gripper 30A-D may once again be in an ON state. Exemplary descriptions of movement of parts
with magnetic grippers and partial ON states are disclosed in US Patent No. 10,903,030, the entire

disclosure of which is expressly incorporated by reference herein.

[0097] Referring to FIGS. 6 and 7, an exemplary EOAT 10 and fixture 50 are shown wherein a
part 60 is held by EOAT 10 as it approaches fixture 50. Part 60 includes a flat region 62 which is
held by magnetic gripper 301 and a bent region 64 which is held by magnetic gripper 30J. Magnetic
gripper 30J is rotated ninety degrees relative to magnetic gripper 301 and hence only pole shoe 34J
is visible. A lower surface of pole shoe 34J is contoured to generally match bent region 64 of part

60. Exemplary pole shoes for the magnetic grippers disclosed herein are disclosed in

[0098] Referring to FIG. 7, EOAT 10 is coupled to fixture 50 through first interfacing feature 14
of EOAT 10 and first interfacing feature 54 of fixture 50. In embodiments, additional interfacing
features are included for both EOAT 10 and fixture 50. Fixture 50 includes a support 66 positioned
to align with magnetic gripper 301 and flat region 62 of part 60 and a support 70 positioned to align
with magnetic gripper 30J 70 includes an upper face 72 contoured to match bent region 64 of part
60. In embodiments, one of first interfacing feature 14 of EOAT 10 and first interfacing feature
54 of fixture 50 includes a magnetic gripper and when first interfacing feature 14 of EOAT 10 and
first interfacing feature 54 of fixture 50 are coupled due to the magnetic gripper being in the ON
state, part 60 is clamped between magnetic gripper 30J and support 70 and magnetic gripper 301
and support 66. As such, magnetic gripper 30J and magnetic gripper 301 have a first interaction
(magnetic) with part 60 as EOAT 10 approaches fixture 50 and a second interaction (clamping
with fixture 50) when EOAT 10 is coupled to fixture 50.

[0099] Referring to FIG. 6A, in embodiments, first interfacing feature 14 includes a magnetic
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gripper 80 and first interfacing feature 54 includes a magnetic gripper 82. Each of magnetic
gripper 80 and magnetic gripper 82 includes a switchable magnetic flux source 81, a north pole
shoe 84 which corresponds to a north pole of switchable magnetic flux source 81 when switchable
magnetic flux source 81 is in an ON state or partial ON state and a south pole 86 which corresponds
to a south pole of switchable magnetic flux source 81 when switchable magnetic flux source 81 is
in an ON state or partial ON state. As shown the north pole shoe 84 of magnetic gripper 80 is
aligned with the south pole shoe 86 of magnetic gripper 82 and the north pole shoe 84 of magnetic
gripper 82 is aligned with the south pole shoe 86 of magnetic gripper 80. Part 60 is shown captured
therebetween magnetic gripper 80 and magnetic gripper 82, but in embodiments the pole shoes of
magnetic gripper 80 and magnetic gripper 82 may contact each other directly, either due to first
interfacing feature 14 and first interfacing feature 54 being outside of the ultimate outer perimeter
of part 60 or by being located in an opening in part 60. An advantage of this arrangement of first
interfacing feature 14 and first interfacing feature 54, among others, is improved holding force due

to multiple switchable magnetic flux sources 81.

[0100] Referring to FIGS. 8 and 9, the arrangement of FIGS. 6 and 7 further includes a
ferromagnetic component 74, such as a plate, as part of EOAT 10 and a magnetic gripper 76 as
part of fixture 50. When EOAT 10 is coupled to fixture 50 (see FIG. 9), magnetic gripper 76 is
placed in an ON state to hold ferromagnetic component 74 relative to magnetic gripper 76. As
illustrated, part 60 is captured between ferromagnetic component 74 and magnetic gripper 76, but
in embodiments the pole shoes of magnetic gripper 76 may contact ferromagnetic component 74
directly, either due to ferromagnetic component 74 and magnetic gripper 76 being outside of the

ultimate outer perimeter of part 60 or by being located in an opening in part 60.

[0101] Referring to FIGS. 10-19, a first part 400 and a second part 402 are shown. First part 400
is to be welded to second part 402. Referring to FIGS. 12 and 13, first part 400 is carried by an
EOAT 410 and is coupled to EOAT 410 with a magnetic gripper 412 having pole shoes 414, 416.
Second part 402 is held magnetic gripper 420 and magnetic gripper 422 of a fixture 418. Further,
second part 402 rests on tope of a support 424. All of magnetic gripper 412, magnetic gripper 420,
magnetic gripper 422, and support 424 are within the ultimate outer perimeters of first part 400
and 402.

[0102] Referring to FIGS. 14 and 15, EOAT 410 has been coupled to fixture 418 resulting in first
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part 400 being married to second part 402. As shown in FIG. 14 pole shoes 416 and fixture 418
overlap support 424 and clamp first part 400 and second part 402 together. All of magnetic gripper
412, magnetic gripper 420, magnetic gripper 422, and support 424 are within the ultimate outer
perimeters of first part 400 and 402.

[0103] Now a manufacturing operation may be performed on the parts 400, 402. Referring to FIG.
16, in one embodiment it is desired to place eight welds to couple first part 400 to second part 402,
the welds are to be at locations 430A-H. As shown in FIG. 19, a traditional clamp 450 is shown
to hold first part 400 to second part 402. Clamp 450 contacts both sides of the combination of first
part 400 and second part 402 and extends beyond the ultimate outer perimeter of the combination
of first part 400 and second part 402 (see FIG. 18 which shows three instances of clamp 450). The
arrows in FIG. 18 represent the positions of a welder 460 (one marked) of a welder robot. As
shown, welder 460 moves in directions 470 to make various welds, but then must move outside
the ultimate outer perimeter of first part 400 and second part 402 to maneuver around the various
clamps 450. By comparison, referring to FIG. 17 welder 460 may remain within the ultimate outer
perimeter of first part 400 and second part 402 due to each of magnetic gripper 412, magnetic
gripper 420, magnetic gripper 422, and support 424 also being within the ultimate outer perimeter
of first part 400 and second part 402. Thus, the path length and hence the time to complete welds

at each of locations 430A-H is longer resulting in less throughput for the system.

[0104] Referring to FIGS. 20 and 21, an exemplary EOAT 100 is illustrated. =~ EOAT 100
comprises a frame 102 which supports a first plurality of interfacing features and a first plurality
of grippers and an interface 103 to which robot 90 may be attached. EOAT 100 may be coupled
to an end of robot 90 through one or more couplers. As an example, EOAT 100 may be removably
coupled to the robot via interface 103, for example using magnetism. Further, the robot 90 may
provide power to EOAT 100. In embodiments, robot 90 carries one or more magnetic grippers
and interface 103 is made of a ferromagnetic material such that robot 90 may couple to EOAT 100
through the magnetic grippers. Further, robot 90 may carry interfacing features such that a position

and orientation of EOAT 100 relative to robot 90 may be set.

[0105] Exemplary interfacing features 104, 106, 108, 110, and 112 of EOAT 100 interact with
interfacing features of a fixture 300 (see FIG. 23) to couple EOAT 100 to fixture 300. In

embodiments, the respective interfacing feature of EOAT 100 directly contacts the respective
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interfacing feature of fixture 300 to couple EOAT 100 to fixture 300. In embodiments, the

respective interfacing feature of EOAT 100 is coupled to fixture 300 through one or more parts

being held by EOAT 100 and fixture 300.

[0106] Referring to FIG. 22, a part assembly 120 including a first part 122 and a second part 124
is shown. Part assembly 120 has an outer perimeter 126. As shown in FIG. 22, interfacing feature
108 is positioned outside of outer perimeter 126 of part assembly 120 and will interact with the
respective interfacing feature of fixture 300 directly. Interfacing feature 104 and interfacing
feature 106 extend through holes in part assembly 120 and within outer perimeter 126 and interact
with respective directly interfacing features of fixture 300 directly. Interfacing feature 110 and
interfacing feature 112 of EOAT 100 are both within outer perimeter 126 of part assembly 120
and not aligned with openings in part assembly 120. Thus, interfacing feature 110 and interfacing
feature 112 of EOAT 100 both interact with respective interfacing features of fixture 300 through
part assembly 120. One or both of interfacing feature 110 and interfacing feature 112 of EOAT
100 may be within outer perimeter 126 of part assembly 120 and aligned with one or more
openings in part assembly 120 and thus, directly interact with corresponding interfacing features
310 and 312 of fixture 300. In embodiments, an interfacing feature of EOAT 100 may both interact
directly with an interfacing feature of fixture 300 and interact with the interfacing feature of fixture
300 through part assembly 120. An example interfacing feature, is interfacing feature 286 of
EOAT 100 and interfacing feature 284 of fixture 300 shown in FIG. 42.

[0107] EOAT 100 is illustrated as retaining objects referred to herein as first part 122 and second
part 124 of part assembly 120. Objects 122 and 124 are retained by EOAT 100 in a specific
configuration, such that, as illustrated, they are adjacent to one another. As explained herein each

of objects 122 and 124 are retained to EOAT 100 by grippers.

[0108] While the instant figures illustrate EOAT 100 as handling two objects 122 and 124, it will
be appreciated that any number of objects may be manipulated by EOAT 100 and retained within
a fixture according to aspects of the present disclosure. For example, similar aspects may be

applied to instances where a single object is used.

[0109] Referring to FIG. 23, an exemplary fixture 300 is shown. Fixture 300 includes a frame
302 having a base 303 to couple fixture 300 to the floor or other support. Although fixture 300 is
shown as a stationary object to which robot 90 would bring EOAT 100 to for coupling, in
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embodiments fixture 300 is supported on a moveable support and is brought to robot 90 for

coupling with EOAT 100.

[0110] Further, in embodiments, fixture 300 is another EOAT 100 which is carried by another
robot 90. In this example, the assembly of parts are passed from one EOAT 100 of a first robot to
an EOAT 100 of a second robot with the first EOAT 100 including interfacing features to interact
with interfacing features of the second EOAT 100 to couple the first EOAT 100 to the second
EOAT 100.

[0111] As shown in FIG. 23, fixture 300 includes a plurality of supports 310 which position
interfacing features 304, 306, 308, 310, and 312 and part supports 314 which support part assembly
120. One or more of interfacing feature 304, interfacing feature 306, interfacing feature 308,
supports 311, and interfacing feature 312 may also support part assembly 120. Interfacing feature
304 interacts with interfacing feature 104 of EOAT 100.

[0112] In the illustrated embodiment, interfacing feature 304 is a locator formed of a support 318
having a recess 320 and interfacing feature 104 is a locator formed of a support 130 and a pin 132
extending therefrom (see FIG. 21). EOAT 100 is positioned relative to fixture 300 in the vertical
direction 200 (see FIG. 26) when support 130 of EOAT 100 contacts support 318 of fixture 300
or other stop surfaces (such as the tip of pin 132 and the bottom of recess 320) are in contact.
Further when pin 132 of EOAT 100 is received in recess 320 of fixture 300, EOAT 100 is located
relative to fixture 300 in direction 202 and direction 204, but the angular orientation of EOAT 100

relative to fixture 300 is not set.

[0113] In the illustrated embodiment, interfacing feature 306 is a locator formed of a support 322
having a recess 324 and interfacing feature 104 is a locator formed of a support 134 and a pin 136
extending therefrom (see FIG. 28). EOAT 100 is positioned relative to fixture 300 in the vertical
direction 200 (see FIG. 26) when support 134 of EOAT 100 contacts support 322 of fixture 300
or other stop surfaces are in contact. Further when pin 136 of EOAT 100 is received in recess 324
of fixture 300, EOAT 100 is located relative to fixture 300 in direction 202 and direction 204, but
the angular orientation of EOAT 100 relative to fixture 300 is not set. By having both pin 132 and
pin 136 received in the respective recess 320 and recess 324, the angular orientation of EOAT 100
relative to fixture 300 is set. In embodiments, one or more of interfacing feature 304 and

interfacing feature 306 includes pins and the corresponding ones of interfacing feature 104 and
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interfacing feature 106 include recesses to receive the pins of fixture 300. Other exemplary
interfacing features may be used in place of interfacing feature 104, interfacing feature 304 or

interfacing feature 106, interfacing feature 300.

[0114] In the illustrated embodiment, interfacing feature 308 is a magnetic gripper 330 having
pole shoes 332 and 334 and interfacing feature 108 is a ferromagnetic component, illustratively a
plate 140 which contacts pole shoes 332 and 334 of magnetic gripper 330. In embodiments,
magnetic gripper 330 includes a switchable magnetic flux source, as described herein, which is
switchable between on OFF state wherein a magnetic circuit is not formed between magnetic
gripper 330 and plate 140 and EOAT 100 is able to be moved in vertical direction 200 relative to
fixture 300 and an ON state wherein a magnetic circuit is formed between magnetic gripper 330
and plate 140 resulting in plate 140 being held in contact with pole shoes 332 and 334 of magnetic
gripper 330 and EOAT 100 being retained relative to fixture 300 in vertical direction 200. Further,
part assembly 120 is retained by EOAT 100 and fixture 300 to hold the various components of
part assembly 120 in place relative to each other so a manufacturing operation may be performed

on part assembly 120.

[0115] In the illustrated embodiment, interfacing feature 310 is a magnetic gripper 336 having
pole shoes 338 and 340 and interfacing feature 110 is a ferromagnetic component, illustratively a
plate 142 which remains spaced apart from pole shoes 338 and 340 of magnetic gripper 336 due
to part assembly 120 being positioned between plate 142 and pole shoes 338 and 340 of magnetic
gripper 336. In embodiments, magnetic gripper 336 includes a switchable magnetic flux source,
as described herein, which is switchable between on OFF state wherein a magnetic circuit is not
formed between magnetic gripper 336 and plate 142 through part assembly 120 and EOAT 100 is
able to be moved in vertical direction 200 relative to fixture 300 and an ON state wherein a
magnetic circuit is formed between magnetic gripper 336 and plate 142 through part assembly 120
resulting in plate 142 being held relative to magnetic gripper 336 and EOAT 100 being retained
relative to fixture 300 in vertical direction 200. Further, part assembly 120 is retained by EOAT
100 and fixture 300 to hold the various components of part assembly 120 in place relative to each

other so a manufacturing operation may be performed on part assembly 120.

[0116] In the illustrated embodiment, interfacing feature 312 is a magnetic gripper 342 having

pole shoes 344 and 346 and interfacing feature 112 is a ferromagnetic component, illustratively a
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plate 144 which remains spaced apart from pole shoes 344 and 346 of magnetic gripper 342 due
to part assembly 120 being positioned between plate 144 and pole shoes 344 and 346 of magnetic
gripper 342. In embodiments, magnetic gripper 342 includes a switchable magnetic flux source,
as described herein, which is switchable between on OFF state wherein a magnetic circuit is not
formed between magnetic gripper 342 and plate 144 through part assembly 120 and EOAT 100 is
able to be moved in vertical direction 200 relative to fixture 300 and an ON state wherein a
magnetic circuit is formed between magnetic gripper 342 and plate 144 through part assembly 120
resulting in plate 144 being held relative to magnetic gripper 342 and EOAT 100 being retained
relative to fixture 300 in vertical direction 200. Further, part assembly 120 is retained by EOAT
100 and fixture 300 to hold the various components of part assembly 120 in place relative to each

other so a manufacturing operation may be performed on part assembly 120.

[0117] Referring to FIGS. 24 and 25, EOAT 100 also includes grippers 150A-G. Not all
connections of grippers 150A-G to frame 102 are shown to increase readability of the drawings,
but all of grippers 150A-G are coupled to frame 102. In an example, grippers 150A-G may be
magnetic grippers as illustrated in FIGS. 24 and 25. Other exemplary grippers such as suction
grippers may be used. Grippers 150A-E hold first part 122 and second part 124 onto EOAT 100
as shown FIG. 25. EOAT 100 may pick first part 122 and second part 124 together or in separate
steps. As illustrated in FIGS. 26 and 27, EOAT 100 lowers part assembly 120 to fixture 300, at
which point fixture 300 may be termed to be loaded with part assembly 120. Through the use of
grippers 150A-F, the objects may be loaded into fixture 150 in substantially the same arrangement
as they were retained by EOAT 100. Supports 314 of fixture 300 support part assembly 120 on
fixture 300. Once EOAT 100 is positioned and oriented on fixture 300, magnetic gripper 330,
magnetic gripper 336, and magnetic gripper 342 may be activated to the ON state to hold EOAT
100 relative to fixture 300 and hence part assembly 120 relative to EOAT 100 and fixture 300.
Further, each of grippers 150A-E may be deactivated to the OFF state, but grippers 150A-E may
continue hold part assembly 120 due to the respective grippers 150A-E and supports 314 both
pressing on part assembly 120 because EOAT 100 is held relative to fixture 300. In this manner,
grippers 150A-E hold part assembly 120 through a first interaction (magnetic) when EOAT 100 is
spaced apart from fixture 300 and through a second interaction (pinching or clamping with a
supports 314 of fixture 300) when EOAT 100 is coupled to fixture 300 with the respective

interfacing features.
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[0118] In this way EOAT 100 may replace the clamps of traditional fixtures which are used to
retain objects relative to fixture 300. Clamps interface with objects at opposing sides and are
positioned outside of outer perimeter 126 of part assembly 120. Such aspects may introduce
additional mechanical complexity, as clamps may have an open configuration in which EOAT 100
may place objects, such as part assembly 120, on a clamping fixture, at which point clamps may
be actuated so as to retain the objects without use of EOAT 100. Rather, EOAT 100 is removed.
This clamping results in larger clearances needed around fixture 300 to accommodate open clamps,
additional components, and longer times to secure and perform manufacturing operations on part

assembly 120.

[0119] By contrast, fixture 300 is used in conjunction with EOAT 100 in FIG. 27 to retain part
assembly 120. This may reduce the amount of time spent loading the objects into fixture 300. For
example, in instances where a clamping fixture is used, EOAT 100 may release part assembly 120,
and may move away from the clamping fixture. As another example, EOAT 100 may be designed
with the operation of clamps in mind, making the design and manufacturing of the EOAT

potentially more complex. Subsequently, the clamps may be actuated as described above.

[0120] By contrast, EOAT 100 need not move away from fixture 300 in FIG. 27 and may instead
act to clamp or otherwise retain part assembly 120. In some instances, EOAT 100 may be
decoupled from an associated robot 90. In such instances, fixture 300 may provide power to EOAT
100 (e.g., in place of power provided by the robot). For example, EOAT 100 may interface with
fixture 300, fixture 300 may provide power to EOAT 100, and EOAT 100 may be decoupled from
the robot 90 once power is provided to EOAT 100 by fixture 300. While examples herein are
described with respect to provision of power by a fixture 300 (e.g., in place of power supplied by
via robot 90) to magnetic gripper 330, magnetic gripper 336, and magnetic gripper 342, it will be
appreciated that similar techniques may be used for any of a variety of other types of grippers,

such as suction grippers.

[0121] While EOAT 100 and fixture 300 are each illustrated as comprising three sets of
corresponding interfacing features, it will be appreciated that any number of such aspects may be

used. Further, an interfacing feature of fixture 300 need not have a corresponding interfacing

feature of EOAT 100.

[0122] For example, in instances where an object is ferromagnetic, a magnetic gripper may be
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used by a fixture to grip the object in the absence of a corresponding interfacing feature on an
EOAT. As another example, an object may be configured to interface with a locator of the fixture,
rather than a corresponding region of the EOAT 100. Further, exemplary interfacing features 304,
306, 308, 310, and 312 may each comprise both a locator and a magnetic gripper, such that the
respective interfacing features of fixture 300, in conjunction with the respective interfacing
features of EOAT 100, locate and retain EOAT 100 and objects, such as part assembly 120, in

relation to fixture 300.

[0123] Referring to FIGS. 29-31, an example of an interfacing feature 250 of EOAT 100 and an
interfacing feature 252 of fixture 300 is shown wherein interfacing feature 252 includes both a
locator and a magnetic gripper. Interfacing feature 250 of EOAT 100 and interfacing feature 252
of fixture 300 are shown as replacements for interfacing feature 110 of EOAT 100 and interfacing
feature 310 of fixture 300. Referring to FIG. 31, interfacing feature 252 includes a magnetic
gripper 260 which supports a locator pin 262 on an end 264 thereof. Magnetic gripper 260 includes
a switchable magnetic flux source 266, a first pole shoe 268, and a second pole shoe 270.
Interfacing feature 250 includes a ferromagnetic component, illustratively a plate 272 having an
aperture 274 therein. Aperture 274 receives locator pin 262. In the illustrated example, part
assembly 120 also includes an aperture 280 which receives locator pin 262. In other examples,
part assembly 120 is not present between interfacing feature 250 and interfacing feature 252.
When switchable magnetic flux source 266 is in an ON state, a magnetic circuit is formed by
switchable magnetic flux source 266, first pole shoe 268, second pole shoe 270, plate 272, and part
assembly 120. Pin 262 and the plate supporting the pin 262 are made of a non-ferromagnetic
material to increase the magnetic flux flowing through plate 272. In embodiments, pin 262 may

be part of first pole shoe 268 or second pole shoe 270 and made of a ferromagnetic material.

[0124] Referring to FIG. 42, another exemplary interfacing feature 284 of fixture 300 and
interfacing feature 286 of EOAT 100 are shown. Interfacing feature 286 of EOAT 100 and
interfacing feature 284 of fixture 300 are shown as replacements for interfacing feature 110 of
EOAT 100 and interfacing feature 310 of fixture 300. Interfacing feature 284 includes a magnetic
gripper 286 which supports a first locator pin 287 and a second locator pin 288 on an end 290
thereof. Magnetic gripper 260 includes a switchable magnetic flux source (not shown), a first pole
shoe 291, and a second pole shoe 292. Interfacing feature 286 includes a ferromagnetic

component, illustratively a plate 294 having a first aperture 296 and a second aperture 297 therein.
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First aperture 296 receives first locator pin 287 and second aperture 297 receives second locator
pin 288. In the illustrated example, part assembly 120 also includes a first aperture 298 which
receives first locator pin 287 and a second aperture 299 which receives second locator pin 288. In
other examples, part assembly 120 is not present between fpf286 and interfacing feature 284.
When the magnetic flux source of interfacing feature 286 is in an ON state, a magnetic circuit is
formed by the magnetic flux source, first pole shoe 291, second pole shoe 292, plate 294, and part
assembly 120. Pins 287 and 288 are made of a non-ferromagnetic material to increase the magnetic
flux flowing through plate 294. Further by having both first locator pin 287 and second locator
pin 288 interfacing feature 284 is able to both position and orient EOAT 100 relative to fixture
300 and interfacing feature 286 holds EOAT 100 and part assembly 120 relative to fixture 300.

[0125] It will be appreciated that the number of regions with which a fixture interfaces with an
EOAT may vary, both in number and location. For example, in instances where a single object is
used or smaller objects are used, a reduced number of regions and associated interfacing features
may be used. As another example, if a greater number of objects are retained by an EOAT, a
greater number of regions and associated interfacing features may similarly be used to retain the

objects by the EOAT and the fixture.

[0126] While example interfacing features are described herein with respect to EOAT 100 and
fixture 300, it will be appreciated that any of a variety of such features may be used. Further,
feature types need not be mutually exclusive to EOAT 100 or fixture 300. For example, a fixture
may comprise a locator interfacing feature and a magnetic gripper interfacing feature. In such an
example, a corresponding EOAT may comprise an interfacing feature configured to receive the
locator, as well as a locator interfacing feature that interfaces with the magnetic gripper interfacing

feature of the fixture.

[0127] In exemplary embodiments, one or both of the EOAT and the fixture are reconfigurable to
accommodate different arrangements of at least one part. Exemplary EOAT and fixtures that may
be reconfigured are disclosed in PCT Application No. PCT/US22/33154, titled ADJUSTABLE
END-OF-ARM TOOL OR FIXTURE, filed June 11, 2022, docket MTI-0031-02-WO, the entire
disclosure of which is expressly incorporated herein by reference. In embodiments, the exemplary
EOAT and fixtures disclosed in PCT Application No. PCT/US22/33154 include both adjustable

assemblies for interfacing features and adjustable assemblies for grippers.
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[0128] Exemplary magnetic coupling devices which may be implemented as interfacing features
of EOAT and/or fixture and/or as grippers for holding parts of EOAT and/or fixture are disclosed
in FIGS. 32-41.

[0129] Referring to FIG. 32, an exemplary magnetic coupling device 710 is shown. Magnetic
coupling device 710 is configured to magnetically couple a ferromagnetic workpiece 712.
Magnetic coupling device 710 includes a housing 714, a switchable magnetic flux source 716, a
first north pole portion 718, a second north pole portion 720, a first south pole portion 722, and a
second south pole portion 724. First north pole portion 718 includes a workpiece interface 728,
second north pole portion 720 includes a workpiece interface 730, first south pole portion 722
includes a workpiece interface 732, and second south pole portion 724 includes a workpiece
interface 734, each of which contacts a respective part of ferromagnetic workpiece 712,
illustratively a surface 726 of ferromagnetic workpiece 712. Each of workpiece interface 728,
workpiece interface 730, workpiece interface 732, and workpiece interface 734 include at least
one workpiece engagement surface. Workpiece interface 728, workpiece interface 730, workpiece
interface 732, and workpiece interface 734 may each be planar, curved, contoured, have a plurality
of spaced apart projections, or any other suitable shape for contacting ferromagnetic workpiece
712. Each of first north pole portion 718, second north pole portion 720, first south pole portion
722, and second south pole portion 724 are made of a ferromagnetic material and may be a part of

housing 714 or separate components coupled to housing 714.

[0130] Switchable magnetic flux source 716 of magnetic coupling device 710 is switchable
between an OFF state wherein a magnetic circuit is formed within housing 714 and an ON state
wherein a magnetic circuit is formed from switchable magnetic flux source 716 through workpiece
interface 728 and workpiece interface 730 of magnetic coupling device 710, through ferromagnetic
workpiece 712, through workpiece interface 732 and workpiece interface 734 of magnetic
coupling device 710, and back to switchable magnetic flux source 716 (as represented by the
arrows shown in FIG. 33). In embodiments, switchable magnetic flux source 716 may be placed
in at least one partial ON state wherein the strength of the magnetic circuit formed through

ferromagnetic workpiece 712 is more than the OFF state and less than the ON state.

[0131] Switchable magnetic flux source 716 may include multiple permanent magnets and is

configurable to have an overall north pole portion 744 and an overall south pole portion 746. As
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shown in FIG. 33, overall north pole portion 744 of switchable magnetic flux source 716 is
positioned between first north pole portion 718 and second north pole portion 720 and overall
south pole portion 746 of switchable magnetic flux source 716 is positioned between first south
pole portion 722 and second south pole portion 724. Overall north pole portion 744 of switchable
magnetic flux source 716 is magnetically coupled with first north pole portion 718 and second
north pole portion 720 resulting in workpiece interface 728 of first north pole portion 718 and
workpiece interface 730 of second north pole portion 720 forming an overall north pole 740 of
magnetic coupling device 710. Overall south pole portion 746 is magnetically coupled with first
south pole portion 722 and second south pole portion 724 resulting in workpiece interface 732 of
first south pole portion 722 and workpiece interface 734 of second south pole portion 724 forming

an overall south pole 742 of magnetic coupling device 710.

[0132] Switchable magnetic flux source 716 may include one or more permanent magnets and is
configurable to have an overall north pole portion 744 and an overall south pole portion 746. In
embodiments, switchable magnetic flux source 716 includes at least one electro-permanent magnet
which is switchable between an ON state (having a north pole and a south pole) and an OFF state
(not magnetized relative to external objects). Further, the at least one electro-permanent magnet
may be configured to have varying magnetic strengths which allow the device to be configured in
a partial ON state having a magnetic strength at workpiece interfaces 728, 730, 732, and 734 less
than the ON state and greater than an OFF state. In embodiments, switchable magnetic flux source
716 includes at least one rare earth permanent magnet and at least one electro-permanent magnet,
the combination of which is switchable between an ON state having a magnetic strength at
workpiece interfaces 728, 730, 732, and 734 and an OFF state wherein a magnetic circuit is formed
internally to housing 714. Further, the combination may be configured to have varying magnetic
strengths which allow the device to be configured in a partial ON state having a magnetic strength
at workpiece interfaces 728, 730, 732, and 734 less than the ON state and greater than an OFF
state. In embodiments, switchable magnetic flux source 716 includes a plurality of rare earth
permanent magnets, the combination of which is switchable between an ON state having a
magnetic strength at workpiece interfaces 728, 730, 732, and 734 and an OFF state wherein a
magnetic circuit is formed internally to housing 714. Further, the combination may be configured
to have varying magnetic strengths which allow the device to be configured in a partial ON state

having a magnetic strength at workpiece interfaces 728, 730, 732, and 734 less than the ON state
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and greater than an OFF state. In embodiments, switchable magnetic flux source 716 includes at
least one rare earth permanent magnet which is moveable relative to the housing 714 to thus be
switchable between an ON state having a magnetic strength at workpiece interfaces 728, 730, 732,

and 734 and an OFF state wherein a magnetic circuit is formed internally to housing 714.

[0133] As shown in FIGS. 32 and 33, a channel 750 is provided between pole portions 720 and
724. Channel 750, as discussed herein, may receive one or more sensors, stationary pins,

retractable pins, probes, and/or additional tools.

[0134] Referring to FIG. 34, in embodiments, magnetic coupling device 710 further includes a
monitoring system 748 including one or more sensors which monitor a characteristic of magnetic
coupling device 710 and/or a characteristic of a magnetic circuit formed between magnetic
coupling device 710 and ferromagnetic workpiece 712. As shown in FIG. 34, a first sensor 760
may be positioned proximate first north pole portion 718, a second sensor 762 may be positioned
proximate first south pole portion 722, and a third sensor 764 may be positioned proximate
ferromagnetic workpiece 712 in a channel 750 provided between second north pole portion 720
and second south pole portion 724. Each of first sensor 760, second sensor 762, and third sensor
764 may be a magnetic flux sensor. Additional types of sensors include temperature sensors which
are used to compensate for temperature dependent drift in the magnetic flux sensors. Additionally,
the positions of sensors 760, 762, and 764 are exemplary and one or sensors may be positioned at
different locations. In embodiments, sensor 764 may be a proximity sensor. Exemplary proximity

sensors include inductive sensors, ultrasound sensors, photonic sensors, and other suitable sensors.

[0135] Each of sensors 760, 762, and 64 are operatively coupled to an electronic controller 770.
Electronic controller 770 includes at least one processor 772 and associated memory 774. Memory
774 includes magnetic coupling state logic 776, logic control circuit, which monitors the output of
sensors 760, 762, 764 to determine one or more characteristics of magnetic coupling device 710
and/or one or more characteristics of a magnetic circuit formed between magnetic coupling device
710 and ferromagnetic workpiece 712. The term "logic" as used herein includes software and/or
firmware executing on one or more programmable processors, application-specific integrated
circuits, field-programmable gate arrays, digital signal processors, hardwired logic, or
combinations thereof. Therefore, in accordance with the embodiments, various logic may be

implemented in any appropriate fashion and would remain in accordance with the embodiments
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herein disclosed. A non-transitory machine-readable medium comprising logic can additionally
be considered to be embodied within any tangible form of a computer-readable carrier, such as
solid-state memory, magnetic disk, and optical disk containing an appropriate set of computer
instructions and data structures that would cause a processor to carry out the techniques described
herein. This disclosure contemplates other embodiments in which electronic controller 770 is not
microprocessor-based, but rather is configured to control operation of magnetic coupling device
800 based on one or more sets of hardwired instructions. Further, electronic controller 770 may
be contained within a single device or be a plurality of devices networked together or otherwise

electrically connected to provide the functionality described herein.

[0136] Electronic controller 770 may further receive input through one or more input devices 780.
Exemplary input devices include buttons, switches, levers, dials, touch displays, soft keys, and a
communication module. Electronic controller 770 may further provide output through one or more
output devices 782. Exemplary output devices include visual indicators, audio indicators, and a
communication module. Exemplary visual indicators include displays, lights, and other visual

systems. Exemplary audio indicators include speakers and other suitable audio systems.

[0137] Referring to FIG. 35, each of workpiece interface 730 and workpiece interface 734 are
closer to rotational axis 810 than either of first permanent magnet 802 and second permanent
magnet 804. Between workpiece interface 730 and workpiece interface 734 is channel 750 which
as mentioned herein may receive one or more sensors, stationary pins, retractable pins, retractable
pin clamps, cameras, probes, and/or additional tools. Workpiece interface 730 of second north
pole portion 720 and workpiece interface 734 of second south pole portion 724 provide an external
north pole of magnetic coupling device 800 and an external south pole of magnetic coupling device
800, respectively, of a magnetic circuit formed with rare earth permanent magnets without any of
the rare earth permanent magnets forming the magnetic circuit being positioned between second
north pole portion 720 and second south pole portion 724. Further, in embodiments, each of first
permanent magnet 802 and second permanent magnet 804 surround rotational axis 810 and each
of first permanent magnet 802 and second permanent magnet 804 include a respective aperture to

form part of channel 750.

[0138] Referring to FIG. 35, an exemplary embodiment of magnetic coupling device 710 is shown,

illustratively magnetic coupling device 800. Magnetic coupling device 800 includes a switchable
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magnetic flux source 716 having a first permanent magnet 802 and a second permanent magnet
804. Second permanent magnet 804 is spaced apart from first permanent magnet 802. In
embodiments, a spacer (not shown) is positioned between first permanent magnet 802 and second
permanent magnet 804. In embodiments, each of first permanent magnet 802 and second

permanent magnet 804 are rare earth permanent magnets.

[0139] Second permanent magnet 804 is moveable relative to first permanent magnet 802.
magnetic coupling device 800 includes an actuator 806 which positions second permanent magnet
804 relative to first permanent magnet 802. Exemplary actuators 806 include manual actuators,
hydraulic actuators, pneumatic actuators, mechanical actuators, electrically controlled actuators,
and combinations thereof. Actuator 806 may be an electrically controlled actuator and includes a
motor (not shown) which is controlled by electronic controller 770 to position second permanent
magnet 804 relative to first permanent magnet 802. Exemplary actuators are disclosed in US

Patent No. 10903030, the entire disclosure of which is expressly incorporated by reference herein.

[0140] In embodiments, actuator 806 rotates second permanent magnet 804 relative to first
permanent magnet 802 about a rotational axis 810. First permanent magnet 802 is held fixed
relative to housing 714. Workpiece interface 728 of first north pole portion 718, workpiece
interface 730 of second north pole portion 720, workpiece interface 732 of first south pole portion
722, and workpiece interface 734 of second south pole portion 724 are magnetically coupled to
first permanent magnet 802 and second permanent magnet 804. In embodiments, one or both of
first permanent magnet 802 and second permanent magnet 804 are comprised of a single rare earth
magnet. In embodiments, one or both of first permanent magnet 802 and second permanent
magnet 804 are comprised of a multiple rare earth magnets that collectively form the respective

first permanent magnet 802 or second permanent magnet 804.

[0141] In one position of second permanent magnet 804 relative to first permanent magnet 802, a
north pole of second permanent magnet 804 is generally aligned with a north pole of first
permanent magnet 802 and a south pole of second permanent magnet 804 is generally aligned with
a south pole of first permanent magnet 802, as shown in FIG. 35. This configuration corresponds
to magnetic coupling device 800 being in an ON state with workpiece interface 728 of first north
pole portion 718 and workpiece interface 730 of second north pole portion 720 corresponding to

an external north pole of magnetic coupling device 800 and workpiece interface 732 of first south
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pole portion 722 and workpiece interface 734 of second south pole portion 724 corresponding to
an external south pole of magnetic coupling device 800. In the ON state, when magnetic coupling
device 800 is in contact with ferromagnetic workpiece 712, a magnetic circuit is formed to

magnetically couple ferromagnetic workpiece 712 to magnetic coupling device 800.

[0142] In another position of second permanent magnet 804 relative to first permanent magnet
802, a north pole of second permanent magnet 804 is generally aligned with a south pole of first
permanent magnet 802 and a south pole of second permanent magnet 804 is generally aligned with
a north pole of first permanent magnet 802, as shown in FIG. 36. This configuration corresponds
to magnetic coupling device 800 being in an OFF state and a magnetic circuit is formed generally
within housing 714; magnetic coupling device 800 lacks an external north pole at workpiece
interface 728 of first north pole portion 718 and workpiece interface 730 of second north pole
portion 720 and an external south pole at workpiece interface 732 of first south pole portion 722
and workpiece interface 734 of second south pole portion 724. In the OFF state, ferromagnetic

workpiece 712 is not magnetically coupled to magnetic coupling device 800.

[0143] Actuator 806 rotates second permanent magnet 804 about rotational axis 810 to move
second permanent magnet 804. In embodiments, actuator 806 is able to position second permanent
magnet 804 at rotational positions between those shown in FIGS. 35 and 36. These intermediate
rotational positions correspond to partial ON states of magnetic coupling device 800 with
workpiece interface 728 of first north pole portion 718 and workpiece interface 730 of second
north pole portion 720 corresponding to an external north pole of magnetic coupling device 800
and workpiece interface 732 of first south pole portion 722 and workpiece interface 734 of second
south pole portion 724 corresponding to an external south pole of magnetic coupling device 800,
but having a lower level of magnetic flux available at each of the external north pole and the
external south pole. As such, magnetic coupling device 800 is able to be configured to provide a
variable strength magnetic flux level to perform various operations, such as the operations
disclosed in US Patent No. 10903030, the entire disclosure of which is expressly incorporated by

reference herein.

[0144] Referring to FIG. 35, each of workpiece interface 730 and workpiece interface 734 are
closer to rotational axis 810 than either of first permanent magnet 802 and second permanent

magnet 804. Between workpiece interface 730 and workpiece interface 734 is channel 750 which
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as mentioned herein may receive one or more sensors and/or tools, such as probes. Workpiece
interface 730 of second north pole portion 720 and workpiece interface 734 of second south pole
portion 724 provide an external north pole of magnetic coupling device 800 and an external south
pole of magnetic coupling device 800, respectively, of a magnetic circuit formed with rare earth
permanent magnets without any of the rare earth permanent magnets forming the magnetic circuit
being positioned between second north pole portion 720 and second south pole portion 724.
Further, in embodiments, each of first permanent magnet 802 and second permanent magnet 804
surround rotational axis 810 and each of first permanent magnet 802 and second permanent magnet

804 include a respective aperture to form part of channel 750.

[0145] Referring to FIGS. 38 and 39, an exemplary arrangement for magnetic coupling device 800
is shown. Second north pole portion 720 and workpiece interface 734 are carried by a support 752
(see FIG. 39). Channel 750 is provided as a central opening 754 through support 752.

[0146] Referring to FIG. 38, housing 714 is made of a ferromagnetic material. An exemplary
ferromagnetic material is steel. Housing 714 is dimensioned such that only thin wall webs 790
and 792 connect first north pole portion 718 and housing 714 which are both thick walled portions
of housing 714. By having thin wall webs 790 and thin wall webs 792 being thinner than first
north pole portion 718 and first south pole portion 722, the magnetic flux is directed through
workpiece interface 728 of first north pole portion 718 and workpiece interface 732 of first south
pole portion 722 into ferromagnetic workpiece 712 instead of passing between first north pole

portion 718 and first south pole portion 722 through thin wall webs 790 and thin wall webs 792.

[0147] Referring to FIG. 37, an exemplary embodiment of magnetic coupling device 710 is shown,
illustratively magnetic coupling device 900. Magnetic coupling device 900 includes a switchable
magnetic flux source 716 having a first permanent magnet 902 and a second permanent magnet
904. Second permanent magnet 904 is spaced apart from first permanent magnet 902. In
embodiments, a spacer (not shown) is positioned between first permanent magnet 902 and second
permanent magnet 904 or an air gap is maintained between first permanent magnet 902 and second
permanent magnet 904. In embodiments, first permanent magnet 902 is a rare earth permanent
magnet and second permanent magnet 904 is an electro-permanent magnet. First permanent
magnet 902 and second permanent magnet 904 are held fixed relative to housing 714. Workpiece

interface 728 of first north pole portion 718, workpiece interface 730 of second north pole portion
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720, workpiece interface 732 of first south pole portion 722, and workpiece interface 734 of second
south pole portion 724 are magnetically coupled to first permanent magnet 902 and second

permanent magnet 904.

[0148] At least a portion of second permanent magnet 904 is surrounded by a coil 910 which is
coupled to a current source 912. A direction and strength of a current provided through coil 910
is controlled by electronic controller 770. The current is used to alter the pole positions for second
permanent magnet 904. In embodiments, the current may be used to position a north pole of
second permanent magnet 904 in general alignment with a north pole of first permanent magnet
902 and a south pole of second permanent magnet 904 is general alignment with a south pole of
first permanent magnet 902, as shown in FIG. 37. The current does not need to be persistent to
maintain second permanent magnet 904 in this configuration. This configuration corresponds to
magnetic coupling device 900 being in an ON state with workpiece interface 728 of first north
pole portion 718 and workpiece interface 730 of second north pole portion 720 corresponding to
an external north pole of magnetic coupling device 900 and workpiece interface 732 of first south
pole portion 722 and workpiece interface 734 of second south pole portion 724 corresponding to
an external south pole of magnetic coupling device 900. In the ON state, when magnetic coupling
device 900 is in contact with ferromagnetic workpiece 712, a magnetic circuit is formed to
magnetically couple ferromagnetic workpiece 712 to magnetic coupling device 900. In
embodiments, the magnetic mass of first permanent magnet 902 and second permanent magnet
904 may be different or the same. In embodiments, one or both of first permanent magnet 902 and
second permanent magnet 904 are comprised of a permanent magnet. In embodiments, one or
both of first permanent magnet 802 and second permanent magnet 804 are comprised of multiple
permanent magnets that collectively form the respective first permanent magnet 802 or second

permanent magnet 804.

[0149] In embodiments, the current may be used to position a north pole of second permanent
magnet 904 in general alignment with a south pole of first permanent magnet 902 and a south pole
of second permanent magnet 904 in general alignment with a north pole of first permanent magnet
902. This configuration corresponds to magnetic coupling device 900 being in an OFF state and
a magnetic circuit is formed generally within housing 714; magnetic coupling device 900 lacks an
external north pole at workpiece interface 728 of first north pole portion 718 and workpiece

interface 730 of second north pole portion 720 and an external south pole at workpiece interface
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732 of first south pole portion 722 and workpiece interface 734 of second south pole portion 724.
In the OFF state, ferromagnetic workpiece 712 is not magnetically coupled to magnetic coupling

device 800.

[0150] In embodiments, the electro permanent magnet of the second permanent magnet 904 may
be charged to different levels to provide a variable magnetic strength at the workpiece interfaces
728, 730, 732, 734. Thus, at least one partial ON state may be configured having a magnetic
strength at the workpiece interfaces 728, 730, 732, 734 being less than the ON state and greater
than the OFF state. Exemplary electro-permanent magnets include AINiCo electro-permanent

magnets.

[0151] Referring to FIG. 37, between workpiece interface 730 and workpiece interface 734 is
channel 750 which as mentioned herein may receive one or more sensors and/or tools, such as
probes. In embodiments, each of first permanent magnet 802 and second permanent magnet 804
surround rotational axis 810 and each of first permanent magnet 802 and second permanent magnet

804 include a respective aperture to form part of channel 750.

[0152] Referring to FIG. 40, in embodiments, magnetic coupling device 800' does not include
channel 750. Rather, each of first permanent magnet 802 and second permanent magnet 804 are
solid circular permanent magnets. In embodiments, a plurality of magnets may collectively form
one or both of first permanent magnet 802 and second permanent magnet 804. Further, each of
first permanent magnet 802 and second permanent magnet 804 may have various shapes. An
exemplary arrangement is shown in FIGS. 2, 4, and 7 of US Patent No. 10,903,030, issued January
26, 2021, titled VARIABLE FIELD MAGNETIC COUPLERS AND METHODS FOR
ENGAGING A FERROMAGNETIC WORKPIECE, the entire disclosure of which are expressly
incorporated by reference herein. Another exemplary arrangement is shown in US Patent No.
US7012495, titted SWITCHABLE PERMANENT MAGNETIC DEVICE, the entire disclosure
of which are expressly incorporated by reference herein. Further, each of first permanent magnet
802 and second permanent magnet 804 may be a platter containing multiple magnets. An
exemplary arrangement is shown in FIGS. 17-19 of US Patent No. 10,903,030, issued January 26,
2021, titled VARIABLE FIELD MAGNETIC COUPLERS AND METHODS FOR ENGAGING
A FERROMAGNETIC WORKPIECE, the entire disclosure of which are expressly incorporated

by reference herein.
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[0153] Referring to FIG. 41, in embodiments, magnetic coupling device 800" does not include
channel 750, but each of first permanent magnet 802 and second permanent magnet 804 includes
a ferromagnetic core (ferromagnetic core 820 for second permanent magnet 804 shown in FIG.
17). An exemplary arrangement is shown in US Provisional Patent Application No. 63/351,349,
filed June 11, 2022, titled MAGNETIC COUPLING DEVICE, docket MTI-0034-01-US, the

entire disclosure of which are expressly incorporated by reference herein.

[0154] An advantage, among others, of at least some of the systems disclosed herein is the ability
to couple parts and perform manufacturing operations thereon with single sided tools. Another
advantage, among others, of at least some of the systems disclosed herein is the ability to handle
the parts individually or in a married position into a fixture and out of the the fixture. A further
advantage, among others, of at least some of the systems disclosed herein is the ability handle parts
for manufacturing operations without the use of power clamps or direct cylinder clamps. A still
further advantage, among others, of at least some of the systems disclosed herein is the ability to
have easy access with weld guns due to fixturing within the parts perimeter. Yet still another
advantage, among others, of at least some of the systems disclosed herein is the ability to not need
compressed air on EOAT or fixture. Still a further advantage, among others, of at least some of
the systems disclosed herein is the ability is the elimination of components and reduced processing
time. A further still advantage, among others, of at least some of the systems disclosed herein is

the ability easily clamp in the center of large parts.
[0155] Examples

[0156] Example 1. A system for holding at least one assembly of parts is provide. The system
may comprise a fixture including a frame and a first interfacing feature; and an end-of-arm-tool
(EOAT) including a frame and a second interfacing feature. The fixture and the EOAT may
cooperate to hold the at least one assembly of parts by coupling the EOAT to the fixture through
a magnetic interaction between the first interfacing feature of the fixture and the second interfacing

feature of the EOAT.

[0157] Example 2.  The system of Example 1, wherein the first interfacing feature of the fixture
and the second interfacing feature of the EOAT may cooperate to both position and orient the

EOAT relative to the fixture.
[0158] Example 3.  The system of Example 1, wherein the first interfacing feature is one of a
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first plurality of interfacing features of the fixture and the second interfacing feature is one of a
second plurality of interfacing features of the EOAT. The first plurality of interfacing features of
the fixture and the second plurality of may cooperate to both position and orient the EOAT relative

to the fixture.

[0159] Example 4.  The system of Example 1, wherein the magnetic interaction between the
first interfacing feature of the fixture and the first interfacing feature of the EOAT may be
established due to contact between the first interfacing feature of the fixture and the second

interfacing feature of the EOAT independent of the at least one assembly of parts.

[0160] Example 5.  The system of Example 4, wherein the at least one assembly of parts defines
an ultimate outer perimeter and the first interfacing feature of the fixture and the second interfacing
feature of the EOAT may both be positioned to be within the ultimate outer perimeter of the at

least one assembly of parts.

[0161] Example 6.  The system of Example 4, wherein the at least one assembly of parts defines
an ultimate outer perimeter and the first interfacing feature of the fixture and the second interfacing
feature of the EOAT may both be positioned to be outboard of the ultimate outer perimeter of the

at least one assembly of parts.

[0162] Example 7.  The system of Example 1, wherein the first interfacing feature of the fixture
and the second interfacing feature of the EOAT are spaced apart and the magnetic interaction
between the first interfacing feature of the fixture and the second interfacing feature of the EOAT
may be established through the at least one assembly of parts.

[0163] Example 8.  The system of any of the previous Examples wherein one of the first
interfacing feature of the fixture and the second interfacing feature of the EOAT may include a
locator pin and the other of the first interfacing feature of the fixture and the second interfacing
feature of the EOAT may include a recess which receives the locator pin of the one of the first

interfacing feature of the fixture and the second interfacing feature of the EOAT.

[0164] Example 9.  The system of any of the previous Examples, wherein the fixture may
include a third interfacing feature and the end-of-arm-tool (EOAT) may include a fourth
interfacing feature. The fixture and the EOAT may cooperate to hold the at least one assembly of

parts by a magnetic interaction between the third interfacing feature of the fixture and the fourth
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interfacing feature of the EOAT.

[0165] Example 10. The system of Example 9, wherein the fixture includes a fifth interfacing
feature and the end-of-arm-tool (EOAT) includes a sixth interfacing feature. The fixture and the
EOAT may cooperate to hold the at least one assembly of parts by a magnetic interaction between

the fifth interfacing feature of the fixture and the sixth interfacing feature of the EOAT.

[0166] Example 11. The system any of the previous Examples, wherein the EOAT may include
a plurality of grippers coupled to the frame and positioned hold at least a portion of the at least one
assembly of parts to the EOAT when the EOAT is spaced apart from the fixture. A first gripper
of the plurality of grippers may be adapted to hold the portion of the at least one assembly of parts
to the EOAT through a first interaction with the at least one assembly of parts.

[0167] Example 12. The system of Example 11, wherein when the EOAT is coupled to the
fixture through the magnetic interaction between the first interfacing feature of the fixture and the
second interfacing feature of the EOAT, the first gripper of the plurality of grippers may be adapted
to hold the portion of the at least one assembly of parts to the EOAT through a second interaction

with the portion of the at least one assembly of parts.

[0168] Example 13. The system of any of Examples 11 and 12, wherein the first gripper is a
magnetic gripper and the first interaction may be a magnetic interaction between the first gripper
and the portion of the at least one assembly of parts and the second interaction maybe a clamping

of the portion of the at least one assembly of parts between the first gripper and the fixture.

[0169] Example 14. The system of any of Examples 11-13, wherein each of the plurality of
grippers may be single side grippers which are adapted to directly contact a single side of the

portion of the at least one assembly of parts.

[0170] Example 15. The system of any of Examples 11-13, wherein at least one of the plurality
of grippers may be a double side gripper which is adapted to directly contact both sides the portion

of the at one assembly of parts.

[0171] Example 16. The system of any of Examples 11-13, wherein each of the plurality of
grippers may be positioned to be within an ultimate outer envelope of the portion of the at one

assembly of parts.

[0172] Example 17. The system of Example 1, wherein the fixture may be supported on a base.
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[0173] Example 18 The system of Example 17, wherein the fixture may be stationary.

[0174] Example 19  The system of Example 1, wherein the fixture may be a second EOAT. The
EOAT may be adapted to be coupled to a first robot for movement by the first robot and the fixture

may be adapted to be coupled to a second robot for movement by the second robot.

[0175] Example 20. A system is provided. The system may comprise a fixture and an end-of-arm
tool (EOAT). The fixture may comprise a first interfacing feature and a second interfacing feature.
The end-of-arm tool (EOAT) may comprise a third interfacing feature corresponding to the first
interfacing feature of the fixture and a fourth interfacing feature corresponding to the second

interfacing feature of the fixture.

[0176] Example 21. The system of Example 20, wherein the first interfacing feature may be a
locator and the third interfacing feature may be a plate configured to receive the locator of the first

interfacing feature.

[0177] Example 22. The system of Example 21, wherein the first interfacing feature may further

comprise a magnetic gripper and the plate configured to receive the locator may be ferromagnetic.

[0178] Example 23. The system of Example 20, wherein the second interfacing feature may be

a magnetic gripper and the fourth interfacing feature may be a ferromagnetic plate.

[0179] Example 24. The system of Example 20, wherein the first interfacing feature may be a

first magnetic gripper and the third interfacing feature may be a second magnetic gripper.

[0180] Example 25. The system of Example 20, wherein the fixture and the EOAT may be
configured to retain an object when the first interfacing feature of the fixture interfaces with the
third interfacing feature of the EOAT; and the second interfacing feature of the fixture interfaces

with the fourth interfacing feature of the EOAT.

[0181] Example 26. The system of Example 25, may further comprise a tool operable to interact
with the object retained by the fixture and the EOAT.

[0182] Example 27. The system of Example 20, wherein the third interfacing feature and the
fourth interfacing feature may be configured to receive power from a robot to which the EOAT is

coupled.

[0183] Example 28. The system of Example 27, wherein the third interfacing feature and the
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fourth interfacing feature may be configured to receive power from the fixture when the EOAT is

in a configuration to retain an object.

[0184] Example 29. A method of performing a manufacturing operation on at least one assembly
of parts is provided. The method may comprise the steps of: coupling at least a portion of the at
least one assembly of parts to an end-of-arm-tool (EOAT) of a robot with at least one gripper;
transporting the portion of the at least one assembly of the parts to a fixture; coupling the EOAT
to the fixture to hold the at least one assembly of parts with the fixture and the EOAT; and
performing the manufacturing operation on the at least one assembly of parts while the at least one

assembly of parts is being held by the fixture and the EOAT.

[0185] Example 30. The method of Example 29 wherein the at least one gripper may include a
first magnetic gripper and the step of transporting the portion of the at least one assembly of the
parts to the fixture may include the steps of: configuring the first gripper to have a first magnetic
strength relative to the at least one assembly of parts while the portion of the at least one assembly
of parts is a first distance from the fixture; and configuring the first gripper to have a second
magnetic strength relative to the at least one assembly of parts while the portion of the at least one
assembly of parts is a second distance from the fixture, the second magnetic strength being less

than the first magnetic strength and the second distance being less than the first distance.

[0186] Example 31. The method of Example 30 wherein subsequent to the step of coupling the
EOAT to the fixture to hold the at least one assembly of parts with the fixture and the EOAT, the
method may further comprise the step of configuring the first gripper to have a third magnetic
strength relative to the at least one assembly of parts, the third magnetic strength being less than

the second magnetic strength.

[0187] Example 32. The method of any one of Examples 30 and 31 wherein subsequent to the
step of performing the manufacturing operation on the at least one assembly of parts while the at
least one assembly of parts is being held by the fixture and the EOAT, the method may further
comprise the step of configuring the first gripper to have a fourth magnetic strength relative to the
at least one assembly of parts, the fourth magnetic strength being at least equal to the second

magnetic strength.

[0188] Example 33. The method of Example 32, wherein the fourth magnetic strength is greater

than the second magnetic strength.

41



WO 2022/266255 PCT/US2022/033676

[0189] Example 34. The method of Example 29, wherein the portion of the at least one assembly
of parts may be the whole of the at least one assembly of parts.

[0190] Example 35. The method of Example 29, wherein a second portion of the at least one
assembly of parts may be positioned on the fixture prior to the step of coupling the EOAT to the
fixture.

[0191] Example 36. The method of any one of Examples 29-35, may further comprise the step
of: decoupling the robot from the EOAT prior to the step of performing the manufacturing

operation.

[0192] Example 37. The method of any one of Examples 29-36, wherein the step of coupling at
least the portion of the at least one assembly of parts to an end-of-arm-tool (EOAT) of a robot with
the at least one gripper may include the steps of: contacting the portion of the at least one assembly
of parts with the at least one gripper; providing power to the at least one gripper from the robot;
generating at least one magnetic circuit between the at least one gripper and the portion of the at

least one assembly of parts.

[0193] Example 38. The method of Example 37, wherein the power may be at least one of

electric power, pneumatic power, and hydraulic power.

[0194] Example 39. The method of any one of Examples 29-36, wherein the step of coupling the
EOAT to the fixture to hold the at least one assembly of parts with the fixture and the EOAT may
include the steps of: providing at least one magnetic coupling device on the fixture; providing
power to the at least one magnetic coupling device on the fixture independent of the EOAT; and
generating at least one magnetic circuit between the at least one magnetic coupling device and the

EOAT.

[0195] Example 40. The method of Example 39, wherein the power may be at least one of

electric power, pneumatic power, and hydraulic power.

[0196] Example 41. The method of Example 39, wherein the at least one magnetic circuit
between the at least one magnetic coupling device and the EOAT may pass through the at least

one assembly of parts.

[0197] Example 42. The method of Example 39, wherein the at least one magnetic circuit

between the at least one magnetic coupling device and the EOAT may be is independent of the at
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least one assembly of parts.

[0198] Example 43. A method of performing a manufacturing operation on at least one assembly
of parts is provided. The method may comprise the steps of: coupling at least a portion of the at
least one assembly of parts to an end-of-arm-tool (EOAT) of a robot with a plurality of grippers,
a first gripper of the plurality of grippers holds the portion of the at least one assembly of parts to
the EOAT through a first interaction with the portion of the at least one assembly of parts;
transporting the portion of the at least one assembly of the parts to a fixture; coupling the EOAT
to the fixture to hold the at least one assembly of parts with the fixture and the EOAT through the
steps of: magnetically coupling a first interfacing feature of the fixture with a second interfacing
feature of the EOAT; and holding the portion of the at least one assembly of the parts to the EOAT
with a second interaction of the first gripper with the portion of the at least one assembly of parts.
The method may further comprise performing the manufacturing operation on the at least one
assembly of parts while the at least one assembly of parts is being held by the fixture and the
EOAT.

[0199] Example 44. The method of Example 43, wherein the first gripper may be a magnetic
gripper and the first interaction is a magnetic interaction between the first gripper and the portion
of the at least one assembly of parts and the second interaction is a clamping of the portion of the

at least one assembly of parts between the first gripper and the fixture.

[0200] Example 45. The method of any one of Examples 29-44, wherein the fixture may be

supported on a base.

[0201] Example 46. The method of any one of Examples 29-44, wherein the fixture may be

stationary.

[0202] Example 47. The method of any one of Examples 29-44, wherein the fixture may be a
second EOAT. The EOAT may adapted to be coupled to a first robot for movement by the first
robot and the fixture may be adapted to be coupled to a second robot for movement by the second

robot.

[0203] The description and illustration of one or more aspects provided in this application are not
intended to limit or restrict the scope of the disclosure as claimed in any way. The aspects,

examples, and details provided in this application are considered sufficient to convey possession
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and enable others to make and use the best mode of claimed disclosure. The claimed disclosure
should not be construed as being limited to any aspect, example, or detail provided in this
application. Regardless of whether shown and described in combination or separately, the various
features (both structural and methodological) are intended to be selectively included or omitted to
produce an embodiment with a particular set of features. Having been provided with the
description and illustration of the present application, one skilled in the art may envision variations,
modifications, and alternate aspects falling within the spirit of the broader aspects of the general
inventive concept embodied in this application that do not depart from the broader scope of the

claimed disclosure.
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CLAIMS

1. A system for holding at least one assembly of parts, comprising:

a fixture including a frame and a first interfacing feature; and

an end-of-arm-tool (EOAT) including a frame and a second interfacing feature, the
fixture and the EOAT cooperating to hold the at least one assembly of parts by coupling the
EOAT to the fixture through a magnetic interaction between the first interfacing feature of the

fixture and the second interfacing feature of the EOAT.

2. The system of claim 1, wherein the first interfacing feature of the fixture and the second
interfacing feature of the EOAT cooperate to both position and orient the EOAT relative to the
fixture.

3. The system of claim 1, wherein the first interfacing feature is one of a first plurality of
interfacing features of the fixture and the second interfacing feature is one of a second plurality
of interfacing features of the EOAT and the first plurality of interfacing features of the fixture
and the second plurality of cooperate to both position and orient the EOAT relative to the
fixture.

4. The system of claim 1, wherein the magnetic interaction between the first interfacing
feature of the fixture and the first interfacing feature of the EOAT is established due to contact
between the first interfacing feature of the fixture and the second interfacing feature of the

EOAT independent of the at least one assembly of parts.

5. The system of claim 4, wherein the at least one assembly of parts defines an ultimate
outer perimeter and the first interfacing feature of the fixture and the second interfacing feature
of the EOAT are both positioned to be within the ultimate outer perimeter of the at least one

assembly of parts.
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6. The system of claim 4, wherein the at least one assembly of parts defines an ultimate
outer perimeter and the first interfacing feature of the fixture and the second interfacing feature
of the EOAT are both positioned to be outboard of the ultimate outer perimeter of the at least one

assembly of parts.

7. The system of claim 1, wherein the first interfacing feature of the fixture and the second
interfacing feature of the EOAT are spaced apart and the magnetic interaction between the first
interfacing feature of the fixture and the second interfacing feature of the EOAT is established

through the at least one assembly of parts.

8. The system of any of the previous claims wherein one of the first interfacing feature of
the fixture and the second interfacing feature of the EOAT includes a locator pin and the other of
the first interfacing feature of the fixture and the second interfacing feature of the EOAT
includes a recess which receives the locator pin of the one of the first interfacing feature of the

fixture and the second interfacing feature of the EOAT.

9. The system of any of the previous claims, wherein the fixture includes a third interfacing
feature and the end-of-arm-tool (EOAT) includes a fourth interfacing feature, the fixture and the
EOAT cooperating to hold the at least one assembly of parts by a magnetic interaction between

the third interfacing feature of the fixture and the fourth interfacing feature of the EOAT.

10.  The system of claim 9, wherein the fixture includes a fifth interfacing feature and the
end-of-arm-tool (EOAT) includes a sixth interfacing feature, the fixture and the EOAT
cooperating to hold the at least one assembly of parts by a magnetic interaction between the fifth

interfacing feature of the fixture and the sixth interfacing feature of the EOAT.

11.  The system any of the previous claims, wherein the EOAT includes a plurality of
grippers coupled to the frame and positioned hold at least a portion of the at least one assembly
of parts to the EOAT when the EOAT is spaced apart from the fixture, a first gripper of the
plurality of grippers is adapted to hold the portion of the at least one assembly of parts to the
EOAT through a first interaction with the at least one assembly of parts.
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12. The system of claim 11, wherein when the EOAT is coupled to the fixture through the
magnetic interaction between the first interfacing feature of the fixture and the second interfacing
feature of the EOAT, the first gripper of the plurality of grippers is adapted to hold the portion of
the at least one assembly of parts to the EOAT through a second interaction with the portion of

the at least one assembly of parts.

13. The system of any of claims 11 and 12, wherein the first gripper is a magnetic gripper
and the first interaction is a magnetic interaction between the first gripper and the portion of the
at least one assembly of parts and the second interaction is a clamping of the portion of the at

least one assembly of parts between the first gripper and the fixture.

14. The system of any of claims 11-13, wherein each of the plurality of grippers are single
side grippers which are adapted to directly contact a single side of the portion of the at least one
assembly of parts.

15. The system of any of claims 11-13, wherein at least one of the plurality of grippers is a
double side gripper which is adapted to directly contact both sides the portion of the at one

assembly of parts.

16. The system of any of claims 11-13, wherein each of the plurality of grippers are

positioned to be within an ultimate outer envelope of the portion of the at one assembly of parts.

17. The system of claim 1, wherein the fixture is supported on a base.

18 The system of claim 17, wherein the fixture is stationary.

19 The system of claim 1, wherein the fixture is a second EOAT, the EOAT is adapted to be

coupled to a first robot for movement by the first robot and the fixture is adapted to be coupled to

a second robot for movement by the second robot.
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20. A system, comprising:
a fixture comprising;
a first interfacing feature; and
a second interfacing feature; and
an end-of-arm tool (EOAT) comprising:
a third interfacing feature corresponding to the first interfacing feature of the
fixture; and
a fourth interfacing feature corresponding to the second interfacing feature of the

fixture.

21.  The system of claim 20, wherein the first interfacing feature is a locator and the third

interfacing feature is a plate configured to receive the locator of the first interfacing feature.

22. The system of claim 21, wherein the first interfacing feature further comprises a magnetic

gripper and the plate configured to receive the locator is ferromagnetic.

23.  The system of claim 20, wherein the second interfacing feature is a magnetic gripper and

the fourth interfacing feature is a ferromagnetic plate.

24.  The system of claim 20, wherein the first interfacing feature is a first magnetic gripper

and the third interfacing feature is a second magnetic gripper.

25.  The system of claim 20, wherein the fixture and the EOAT are configured to retain an
object when:

the first interfacing feature of the fixture interfaces with the third interfacing feature of
the EOAT; and

the second interfacing feature of the fixture interfaces with the fourth interfacing feature

of the EOAT.

26. The system of claim 25, further comprising a tool operable to interact with the object

retained by the fixture and the EOAT.
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27.  The system of claim 20, wherein the third interfacing feature and the fourth interfacing

feature are configured to receive power from a robot to which the EOAT is coupled.

28.  The system of claim 27, wherein the third interfacing feature and the fourth interfacing
feature are configured to receive power from the fixture when the EOAT is in a configuration to

retain an object.

29. A method of performing a manufacturing operation on at least one assembly of parts, the
method comprising the steps of:

coupling at least a portion of the at least one assembly of parts to an end-of-arm-tool
(EOAT) of a robot with at least one gripper;

transporting the portion of the at least one assembly of the parts to a fixture;

coupling the EOAT to the fixture to hold the at least one assembly of parts with the fixture
and the EOAT; and

performing the manufacturing operation on the at least one assembly of parts while the at

least one assembly of parts is being held by the fixture and the EOAT.

30.  The method of claim 29 wherein the at least one gripper includes a first magnetic gripper
and the step of transporting the portion of the at least one assembly of the parts to the fixture
includes the steps of:

configuring the first gripper to have a first magnetic strength relative to the at least one
assembly of parts while the portion of the at least one assembly of parts is a first distance from the
fixture; and

configuring the first gripper to have a second magnetic strength relative to the at least one
assembly of parts while the portion of the at least one assembly of parts is a second distance from
the fixture, the second magnetic strength being less than the first magnetic strength and the second

distance being less than the first distance.

31 The method of claim 30 wherein subsequent to the step of coupling the EOAT to the fixture
to hold the at least one assembly of parts with the fixture and the EOAT, the method further
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comprising the step of configuring the first gripper to have a third magnetic strength relative to the
at least one assembly of parts, the third magnetic strength being less than the second magnetic

strength.

32.  The method of any one of claims 30 and 31 wherein subsequent to the step of performing
the manufacturing operation on the at least one assembly of parts while the at least one assembly
of parts is being held by the fixture and the EOAT, the method further comprising the step of
configuring the first gripper to have a fourth magnetic strength relative to the at least one assembly

of parts, the fourth magnetic strength being at least equal to the second magnetic strength.

33. The method of claim 32, wherein the fourth magnetic strength is greater than the second

magnetic strength.

34. The method of claim 29, wherein the portion of the at least one assembly of parts is the

whole of the at least one assembly of parts.

35. The method of claim 29, wherein a second portion of the at least one assembly of parts is

positioned on the fixture prior to the step of coupling the EOAT to the fixture.

36. The method of any one of claims 29-35, further comprising the step of:
decoupling the robot from the EOAT prior to the step of performing the manufacturing

operation.

37. The method of any one of claims 29-36, wherein the step of coupling at least the portion
of the at least one assembly of parts to an end-of-arm-tool (EOAT) of a robot with the at least one
gripper includes the steps of

contacting the portion of the at least one assembly of parts with the at least one gripper;

providing power to the at least one gripper from the robot;

generating at least one magnetic circuit between the at least one gripper and the portion of

the at least one assembly of parts.
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38. The method of claim 37, wherein the power is at least one of electric power, pneumatic

power, and hydraulic power.

39. The method of any one of claims 29-36, wherein the step of coupling the EOAT to the
fixture to hold the at least one assembly of parts with the fixture and the EOAT includes the steps
of

providing at least one magnetic coupling device on the fixture;

providing power to the at least one magnetic coupling device on the fixture independent of
the EOAT;

generating at least one magnetic circuit between the at least one magnetic coupling device

and the EOAT.

40. The method of claim 39, wherein the power is at least one of electric power, pneumatic

power, and hydraulic power.

41. The method of claim 39, wherein the at least one magnetic circuit between the at least one

magnetic coupling device and the EOAT passes through the at least one assembly of parts.

42. The method of claim 39, wherein the at least one magnetic circuit between the at least one

magnetic coupling device and the EOAT is independent of the at least one assembly of parts.

43, A method of performing a manufacturing operation on at least one assembly of parts, the
method comprising the steps of:

coupling at least a portion of the at least one assembly of parts to an end-of-arm-tool
(EOAT) of a robot with a plurality of grippers, a first gripper of the plurality of grippers holds the
portion of the at least one assembly of parts to the EOAT through a first interaction with the portion
of the at least one assembly of parts;

transporting the portion of the at least one assembly of the parts to a fixture;

coupling the EOAT to the fixture to hold the at least one assembly of parts with the fixture
and the EOAT through the steps of:
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magnetically coupling a first interfacing feature of the fixture with a second
interfacing feature of the EOAT; and

holding the portion of the at least one assembly of the parts to the EOAT with a
second interaction of the first gripper with the portion of the at least one assembly of parts;
and
performing the manufacturing operation on the at least one assembly of parts while the at

least one assembly of parts is being held by the fixture and the EOAT.

44.  The method of claim 43, wherein the first gripper is a magnetic gripper and the first
interaction is a magnetic interaction between the first gripper and the portion of the at least one
assembly of parts and the second interaction is a clamping of the portion of the at least one
assembly of parts between the first gripper and the fixture.

45. The method of any one of claims 29-44, wherein the fixture is supported on a base.

46.  The method of any one of claims 29-44, wherein the fixture is stationary.

47. The method of any one of claims 29-44, wherein the fixture is a second EOAT, the

EOAT is adapted to be coupled to a first robot for movement by the first robot and the fixture is

adapted to be coupled to a second robot for movement by the second robot.
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