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Abstract:

A tool, for palletizing mixed load products, includes a frame for mounting the tool to a robot, a
support assembly having a support member forming a support surface disposed in a predetermined
reference orientation so as to support product, and a gripping assembly, mounted to the frame, with
an actuator and a grip press operably coupled to the actuator so as to move the grip press relative to
the frame in an actuation direction opposite the support surface so as to clamp the product between
the support surface in the predetermined reference orientation and the grip press. The support
assembly coupling to the frame has a configuration fixing the support member relative to the frame
in the actuation direction with the support surface in the predetermined reference orientation, and is
movably released in at least another direction so that the support member is movable away from the
predetermined reference orientation.
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TOOL FOR PALLETIZING MIXED LOAD PRODUCTS, PALLETIZING ROBOT
INCLUDING THE TOOL, AND METHOD THEREFOR

CROSS—REFERENCE TO RELATED APPLICATIONS

[0001] This application 1s a non-provisional of and claims
the benefit of United States provisional patent application
number 63/208,023 filed on June 8, 2021, the disclosure of

which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

[0002] The exemplary embodiments generally relate to
ralletizing, and more particularly, to palletizing of mixed

load products.

2. Brief Description of Related Developments

[0003] Warehouses, distribution centers and fulfillment
centers typically receive full pallets of uniform products. In
many cases, the products are depalletized and stored
individually in a storage area. When specific orders need to
be prepared, the products are transported to palletizer cells,

which can be either manual, automated or robotized.

[0004] Because of the wide wvariety of products, a special
and versatile end of arm tool is required when the robotized
approach 1is taken. Typical tools to grip products are

equipped with wvacuum cups or pads. Such tools are economical
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and easy to use. While they can be used with closed boxes or
cartons, they show limitations to grip trays, stretch wrapped
products or the 1like. Problems may also occur if the top
flaps of the boxes are not glued or tapped adedquately.
Because of the multiplication of product sizes and formats
found in warehouses and distribution centers, a more robust

and versatile tool is required.

[0005] The wuse of a fork—-type tool allows solving the
above-mentioned drawback of the vacuum cups or rads.
Traditionally, the bottom forks of such tools can be extended
or retracted. When a product is gripped the bottom forks are
extended to go underneath the product, and the bottom forks
are retracted when the product is dropped in place. This type
cf tool is popular, considering that it can handle virtually

any type of product in a reliable fashion.

[0006] However, one drawback to conventional fork-type
tools relates to the width of the bottom forks. Tdeally, each
bottom fork should be wide enough to be able to pick and
handle products of wvarious dimensions, but when 1t is too
large, 1t 1limits the capacity to drop narrow products on the
pallet considering that the wide forks might 1interfere with
products already in place on the pallet. The, use of narrow
bottom forks leads to other drawbacks such as decreased
durability of the bottom forks. For example, narrower bottom
forks may bend and deform easier than the wider bottom forks.
Bottom forks that are bent or deformed may cause product pick
and/or product placement errors when the products are
transferred by a palletizing robot to be stacked on a pallet.

As such, the bent or deformed bottom forks are replaced, where
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a time to the replacement of the bottom forks may be
significant leading to increased downtime of the palletizing

robot.

[0007] Conventional fork-type tools may also encounter
product placement errors in that a distance or height between
a top of the bottom forks and a surface on which the product
is to be placed may be such that the product drags or rotates
upon contact with the placement surface. The dragging oz

rotating of the product may result in misaligned / misplaced

products.

BRIEF DESCRIPTION CE THE DRAWINGS
[0008] The foregoing aspects and other features of the
disclosed embodiment are explained in the following
description, taken in connection with the accompanying

drawings, wherein:

[0009] Fig. 1 is a perspective illustration of a palletizer
cell for mixed load products incorporating aspects of the

present disclosure;

[0010] Fig. 1A 1is a perspective illustration of a portion
cf the palletizer cell of Fig. 1 in accordance with aspects of

the present disclosure;

[0011] Fig. 2 1s a perspective illustration of a tool for
mixed load palletizing incorporating aspects of the present

disclosure;
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[0012] Fig. 2A 1s a perspective illustration of a portion
cf the tool of Fig. 2 1in accordance with aspects of the

present disclosure;

[0013] Fig. 2B is a cross—-sectional perspective
illustration of the portion of the tool illustrated in Fig. 2A

in accordance with aspects of the present disclosure;

[0014] Fig. 3A is a perspective illustration of the tool of
Fig. 2 in its wider configuration, the gripping members in
their lower position, and the pusher bar(s) in a front

position in accordance with aspects of the present disclosure;

[0015] Fig. 3B is a partial perspective illustration of the
tool of Fig. 2 1in accordance with aspects of the present

disclosure;

[0016] Fig. 3C 1is a perspective illustration of the tool of

Fig. 2 in accordance with aspects of the present disclosure;

[0017] Fig. 4 is a back elevation illustration of the tool
of Fig. 2 in accordance with aspects of the present
disclosure, the tool being shown in the same configuration of

Fig. 3;

[0018] Fig. 5 1s a perspective illustration cf a tool for
mixed load palletizing incorporating aspects of the present

disclosure;

[0019] Fig. 6 1s a side illustration of the tool of Fig. 5

in accordance with aspects of the present disclosure;

CA 03221867 2023-12-7
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[0020] Fig. 7 is a back elevation illustration of the tool
cf Fig. 5 with forks shown 1in a narrow configuration in

accordance with aspects of the present disclosure;

[0021] Fig. 8 is a back elevation illustration of the tool
of Fig. 5 with forks shown in a wide or extended configuration

in accordance with aspects of the present disclosure;

[0022] Fig. 9 1is a partial perspective illustration of a
fork coupling of the tools of Figs. 2 and 5 in accordance with

aspects of the present disclosure;

[0023] Fig. 9A is a partial plan illustration of the fork
coupling of Fig. 9 in accordance with aspects of the present

disclosure;

[0024] Fig. 9B 1is a partial perspective illustration of a
fork coupling of the tools of Figs. 2 and 5 in accordance with

aspects of the present disclosure;

[0025] Fig. 10 1is a perspective illustration of a fork of
the tools of Figs. 2 and 5 in accordance with aspects of the

present disclosure;

[0026] Fig. 10A is a plan view of a porticon of a the tools
cf Figs. 2 and 5 in accordance with aspects of the present

disclosure;

[0027] Fig. 10B 1i1s a perspective illustration of a fork of
the tools of Figs. 2 and 5 in accordance with aspects of the

present disclosure;

al
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[0028] Fig. 10C 1is a perspective illustration of a fork of
the tools of Figs. 2 and 5 in accordance with aspects of the

present disclosure;

[0029] Fig. 11 1s a side elevation 1llustration of a
portion of the palletizer cell of Fig. 1 in accordance with

aspects of the present disclosure;

[0030] Fig. 12 is a side elevation illustration of a tool
that 1s representative of the tools of both Figs. 2 and 5 in

accordance with aspects of the present disclosure;

[0031] Fig. 13 is a side elevation illustration of a tool
that is representative of the tools of both Figs. 2 and 5 in

accordance with aspects of the present disclosure;

[0032] Fig. 13A is a side elevation illustration of a tool
that is representative of the tools of both Figs. 2 and 5 in

accordance with aspects of the present disclosure;

[0033] Fig. 13B is a side elevation illustration of a tool
that is representative of the tools of both Figs. 2 and 5 in

accordance with aspects of the present disclosure;

[0034] Fig. 13C is a side elevation illustration of a tool
that is representative of the tools of both Figs. 2 and 5 in

accordance with aspects of the present disclosure;

[0035] Fig. 14 is a flow diagram of a method incorporating

aspects of the present disclosure; and

[0036] Fig. 15 is a flow diagram of a method incorporating

aspects of the present disclosure.
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DETATLED DESCRIPTION

[0037] Fig. 1 illustrates an exemplary palletizer cell 15
for mixed 1load products 1in accordance with aspects o¢f the
present disclosure. Although the aspects of the present
disclosure will be described with reference to the drawings,
it should be understood that the aspects of the present
disclosure could be embodied in many forms. In addition, any
suitable size, shape or type of elements or materials could be

used.

[0038] The aspects of the present disclosure provide a
ralletizer cell 15 and a tool 10 for the palletizer cell 15
that provides for automatic calibration of the gripper and
pusher assemblies of the tocl 10, such as after a contact
event between the tool 10 and an object. The tool 10 also
provides for compliance of at least the support member (s) or
fingers (also referred to as forks) 44 of the tocol 10 in
response to the contact event (i.e., the support member (s) 44
do not keep a permanent bend). The support surface 44S of the
support member (s) 44 of the tool 10 provide for a minimized
drop height when transfer products 12 from the tool 10 to a
product holding location of the palletizer cell 15.

[0039] As will be described herein, the tool 10 includes
cne or more (e.g., various) 1mpact mitigation and/or position
compliancce dcvicces which togcther form a combincd syncrgistic
system. This synergistic system is a multi-degree of freedom
impact mitigation and contingency system that includes
kinematic release 1in one or more degree of freedom of one of
the product c¢clamp members (e.g., see the product top and

product bottom clamp members as described herein). Tt is

CA 03221867 2023-12-7
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noted that while the kinematic release is illustrated in the
figures and described in combination with one or more other
features of the multi-degree of freedom impact mitigation and
contingency system, the kinematic release may be employed
alone or 1in any combination with any one or more other
features of the multi-degree of freedom impact mitigation and

contingency system.

[0040] The multi-degree of freedom impact mitigation and
contingency system includes torque limitation / pose
compliance deviation (e.g., of the products held by the tool)
at the tool actuators. Tt 1is noted that while the torqgue
limitation / pose compliance is illustrated in the figures and
described in combination with one or more other features of
the multi-degree of freedom impact mitigation and contingency
system, the torgue limitation / pose compliance may be
employed alone or 1in any combination with any one or more
other features of the multi-degree of freedom impact

mitigation and contingency system.

[0041] The multi-degree of freedom impact mitigation and
contingency system also includes substantially immediate
identification of defects in the suppocrt members 44 in that
the fingers substantially do not take on a permanent Dbend.
Here the support members 44 are multi-degree of freedom
frangible fingers that break from impact with object in the X,
Y, and/or Z directions (see Figs. 10 and 10B). Here a support
member 44 is configured to break (as described herein) when a
predetermined transverse force (e.g., in the Y or Z
directions) or axial force (e.g., in the X direction along the

longitudinal/major axis of the support member) exerted on the
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support member exceeds a predetermined/threshold amount of
force so that the support member does not take on a permanent
bend that may not be readily detectable. It is again noted
that while the frangible fingers are 1llustrated 1in the
figures and described in combination with one or more other
features of the multi-degree of freedom impact mitigation and
contingency system, the frangible fingers (e.g., which may be
referred to as a defect annunciation system) may be employed
alone or i1in any combination with any one or more other
features of the multi-degree of freedom impact mitigation and

contingency system.

[0042] The multi-degree of freedom impact mitigation and
contingency system also includes contingency planning with
respect to any broken support members 44. For example, as
will  be described  herein, the aspects of the present
disclosure provide for the fast swap replacement of the
support members 44 wvia a support member configuration that
provides for sliding the support members into and out of a
mounting bracket and/or retention of the support members in
the mounting bracket with set screws. The set screws provide
for a clamping of the support members in the mounting bracket
with minimal impedance to remove the support members from the
mounting bracket. As with the other features of the multi-
degree of freedom impact mitigation and contingency system,
the contingency planning is illustrated in the figures and
described in combination with one or more other features of
the multi-degree of freedom impact mitigation and contingency
system; however, the contingency planning may be employed

alone or 1in any combination with any one or more other



WO 2022/256929 PCT/CA2022/050918

features of the multi-degree of freedom impact mitigation and

contingency system.

[0043] The effect of the multi-degree of freedom impact
mitigation and contingency system 1is that the trajectory of
the tool 10 (and the robot arm) is time optimized or time
ocptimal. For example, the robot arm moves the tool 10 in a
bang-bang motion that is at least in part greater or faster

than conventional palletizing systems.

[0044] As shown in Figs. 1 and 1A, the palletizer cell 15
includes an industrial robot arm (or robot) 14 to which an end
of arm tool, such as tool 10, is coupled in according aspects
cf the present disclosure. The robot arm 14 is configured to
position the tool 10 adjacent both an infeed conveyor 16 and a
pallet receiving station 18. The ensemble of the robot arm 14
with the tool 10, 1infeed conveyor 16, and pallet receiving
station 18 is referred to herein as the palletizer cell 15. A
suitable example of a palletizer cell is provided in United
States patent number 9701490 issued on July 11, 2017 (entitled
“Method and Tool for Palletizing Mixed Load Products), the
disclosure of which is incorpcrated herein by reference in its

entirety.

[0045] Products 12, that can be of various sizes, are input
to the palletizer cell 15 and arrive from the infeed conveyor
16. Each product 12 is grippcd by thce tool 10 in such a way
as to firmly hold the product 12 to enable fast transfer to a
pallet 20 without damaging the product 12 and without relative
movement between the product 12 and the tool 10. The product
12 i1s then released and placed on the pallet 20.

10
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[0046] The expression “product” should be construed herein
as including any type of case, carton, tray, stretch wrapped,
etc. Generally, the product is of a rectangular shape. The
product dimensions may vary dJgreatly between each different
types of product. Typical dimensions (W x L. x H) are between
47 x 6" x 2" (10.16 cm x 15.25 cm x 5.08 cm) and 207" x 257" x
247 (50.8 cm x 63.5 cm x 61.0 cm). It is to be noted that the
illustrated products are referred to using the same reference

number 12, while they may vary in configuration and size.

[0047] The infeed conveyor 16 is in the form of a roller
type conveyor. In other aspects, the products 12 are brought
to a location within reach of the robot arm 14 wvia another
type of conveyor such as a narrow belt conveyor with a pop-up
mechanism between the narrow belts to 1lift the products, or

conveyed within reach of the robot arm 14 in any suitable

manner.
[0048] The pallet receiving station 18 is in the form of a
cleared area within reach of the robot arm 14. The cleared

area 1s sufficiently large to receive a full mixzed Iload

pallet.

[0049] The robot arm 14, to which the tool 10 is attached,
is a standard four-axis or six—axis industrial articulated
robot arm. Equipped with the tool 10, the robot arm 14
sccurcly grips and transfcrs onc or morc products 12 from the
infeed conveyor 16 to the pallet 20. A conventional robot arm
can be used, such as ABB’s IRB 660 or IRB 6640, FANUC’s R2000
cr M410, or any similar robot arm offered by other
manufacturers like Kuka or Motoman. The robot arm 14 includes

cther well-known systems and components that allow its

11
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ocperation. Since these systems and components are believed to
be well-known in the art, they will not be described herein in
more detail for concision purposes. The expressions “robot”

r

and “robot arm are used interchangeably herein to mean a
programmable system including articulated and/or movable
members that can receive, control and move a tool, such as

tool 10.

[0050] The robot arm 14 is conventionally coupled to a
controller 22 that controls the operation of the robot arm 14
and tool 10. The expression “controller” should be construed
broadly as including one or more electronic devices, including
for example one or more computers that are configured with
components and/or programmed with instructions that produce
cne or more functionalities, including communicating data and
instructions with an electronic or electro-mechanical machine

or device.

[0051] With reference to Figs. 2, 2A, 2B, 3A-3C, and 4, a
tool 10A will now be described in more detail. The tool 10A
may be substantially similar to tool 10 illustrated in Fig. 1.
The tool 10A comprises a frame 24 for mounting the tool 10A to
the robot arm 14, a support assembly 250, a gripping assembly
26, and a pusher assembly 28, all of which are mounted to the
frame 24, and a width-adjusting assembly 29. The frame 24
receives a robot-mounting bracket or wedge 30 that allows the
tool 10A to be conventionally attached to the robot arm 14,
where the robot-mounting bracket 30 is coupled to the frame in
any suitable manner, such as with mechanical and/or chemical
fasteners. As will be described in further detail below, in

some aspects, the robot-mounting bracket 30 1s configured to

12
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mount the tool 10A to the robot arm 10A so that the tool 10A
is angled 6 with respect to a mounting surface of an end of
arm tool mount 1100 of the robot arm 14 (see Fig. 11). Here
the robot-mounting bracket 30 provides for a one-step tool 10
positioning (relative to the robot end of arm tool mount
1100)to a predetermined orientation (e.g., the angle 86) via
the wedged interface provided by the robot-mounting bracket 30
between the frame 24 and the end of arm tool mount 1100. The
robot-mounting bracket 30 resolves any end of arm tool mount
1100 wvariances where the interface, provided by the robot-
mounting bracket 30, between the tool 10 and the end of arm
tool mount 1100 is set to a predetermined inclination datum or

predetermined level plane PLN (see Fig. 12).

[0052] The frame 24 has any suitable configuration for
mounting the tool 10A to the robot arm 14. For example, as
illustrated 1in Fig. 2 the frame 24 has a substantially
enclosed boxed configuration having any suitable shape for
mounting the components (described herein) of the tool 10A to
the frame and for coupling the frame 24 to the robot arm 14.
In one or more aspects, the frame 24 includes any suitable
reinforcing members (e.g., cross braces, posts, ribs, etc.) in
cne or more portions of the frame 24, such as a portion of the
frame 24 to which the mounting bracket 30 1s coupled. As
another example, as illustrated in Figs. 2A and 2B, the frame
24 has a closed lattice structure LS configuration where at
least a portion of the frame 24 forms a honeycomb structure
24H configured for coupling with the mounting bracket 30. The
lattice structure LS of the frame 24 and the honeycomb
structure 24H thereof are configured to resist static and/or

cyclic/dynamic loads induced on/in the frame from robot arm 14

13
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movements and/or loading and unloading of products to and from
the tool 10A, where the static and/or cyclic/dynamic loads may
create fatigue conditions (e.g., resulting from transport
cycles, flexure from drive actuations (noting 1n some aspects
drives 56, 109 are located substantially at opposite ends of
the frame 24 so that the robot-mounting bracket 30 is disposed
between the drives 56, 109), and/or maximum allowable loads
due to impact predictions, etc.) along one or more portions of
the frame 24. For example, at least the honeycomb structure
24H is configured to resist load induced fatigue at the
coupling between the robot arm 14 and the frame 24 (e.g., vVvia
the mounting bracket 30). Here, the frame 24 includes a
plurality of trusses 24T (which may be integrally formed with
each other or otherwise coupled to each other such as by
mechanical and/or chemical fastening) so as to form the closed
lattice structure LS and the honeycomb structure 24H thereof,
where the trusses 24T are located on lateral sides,
longitudinal ends, top side and bottom side of the frame 24
(see Figs. Z2A and 2B). It should be understood that while the
frame 24 is illustrated as being either a boxed frame or a
latticed frame in the figures, in other aspects the frame 24
is a combination of a boxed frame and a latticed frame where
at least some portions o¢f the frame 24 have the boxed
configuration while at least other portions of the frame have
the latticed/honeycomb configuration. For exemplary purposes
cnly, in some aspects a combined boxed/lattice frame includes
a latticed honeycomb structure at a portion of the frame for
coupling with the mounting bracket 30 and robot arm 14 and
includes one or more boxed frame sections for mounting of the
tool 10A compconents to the frame 24. It is noted that while

the frame 24 configurations described herein are illustrated

14
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in the figures and described in comkination with one or more
other features of the multi-degree of freedom impact
mitigation and contingency system, each frame configuration
may be employed alone or 1in any ccmbination with any one or
more other features of the multi-degree of freedom impact

mitigation and contingency system described herein.

[0053] The support assembly 250 is movably coupled to the
frame 24 as will be described further herein so as to rotate
in a released or compliance direction 297 about pivot axis
296. The support assembly 250 has a support kase or mounting
bracket 43 that is dependent from the frame 24 and one or more
support member (s) or finger(s) 44 that is/are dependent from
and projects from the mounting bracket 43. While the figures
illustrate the tool 10, 10A, 10B having three, four, or six
support members 44, it should be understood that the number of
support fingers illustrated is exemplary and in other aspects
the tool 10, 10A, 10B has less than three, five, or more than
six support members 44. The support member(s) 44 is/are
connected to the frame 24 by the mounting bracket 43. Here it
is anticipated that the support assembly 250 deposits or
places products from above (e.g., in direction 298A) and so
support members 44 approach proximate the placement surface.
Accordingly, 1n one aspect the coupling between mounting
bracket 43 and frame 24 is disposed above the support members
44 . The support member(s) 44 form a support surface 44S
disposed in a predetermined reference position and orientation
(referred to herein as the predetermined reference
corientation), as will be described herein, so as to support
thereon a product 12 seated on the support surface 44S. In

this aspect, the support assembly 250 includes fork assemblies



CA 03221867 2023-12-7

WO 2022/256929 PCT/CA2022/050918

38, 38", each of which is defined by one or more (here two are
illustrated) parallel support members 44. Each pair of
support members 44 is secured to a respective post 41, 41’ via
a mounting bracket 43 that 1s fixedly mounted to the post 41,
417’ at the distal end 36 thereof. The support members 44 of
the two fork assemblies 38, 38’ extend from a respective post
32, 32" so that support surfaces 44S of the support members 44
are planar and define(s) a predetermined reference plane 200
in a predetermined reference orientation (see Figs. 2 and 12,
and described in greater detail below) of the support assembly
250. The support members 44 are beveled (resulting in support
surface 445 and reference plane 200 being inclined or pitched)
to ease their insertion under a product 12 and aid placement
cf the product onto the pallet 20 as will be described further
herein. While the support members are shown as being mounted
to the respect post 41, 41’ in pairs through a common mounting
bracket 43, 1in other aspects each support member 44 has its
cwn respective mounting Dbracket; while 1in other aspects, a
single mounting bracket 1is provided that is common to all
support members 44 for commonly coupling the support members
to the posts 41, 417'. In still other aspects, the fork
assemblies 38, 38’ include any suitable number of support
members 44 (e.g., more or less than two) and/or the support
members 44 any suitable shape other than the one shown in the
Figs. As will become more apparent upon reading the following
description, a part(s) that is/are referred to with a prime
(") is/are substantially identical to the other part
identified with the same but unprimed reference, the only
difference being that the primed reference numeral refers to a

part that is mowvable.

16
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[0054] The gripping assembly 26 1is mounted to the frame 24
with an actuator or first drive assembly 54 and a grip press
251 operably coupled to the first drive assembly 54 so as to
move the grip press 251 relative to the frame 24 1n an
actuation direction 298 opposite the support surface 448 so as
to clamp the product 12 between the support surface 44S in the
predetermined reference orientation and the grip press 251.
The gripping assembly 26 includes two parallel £first track
assemblies 32, 32', each extending from the frame 24 between a
proximate end 34 to a distal end 36, two fork assemblies 38,
38’7, each fixedly mounted to a respective track assembly 32,
32" at the distal end 36 thereof, and two side by side
gripping members 40, 40", each one being mounted to a
respective one of the two track assemblies 32, 32’ so as to
extend generally perpendicularly therefrom and for movement in
unison therealong. The gripping members 40, 407 are
maintained 1in parallel relationship with the fork assemblies

38, 38'7.

[0055] Each track assembly 32, 32/ is in the form of a
hollow rectangular post 41, 41’ including tracks 42, 427
secured on both lateral sides thereof. The track assemblies
32, 32’ are not limited to hollow rectangular posts and in
cther aspect, can take any other rigid form that can receive

and position an elongated track and fork assemblies 38, 387.

[0056] Each gripping member 40, 40’ includes an endless
belt 46 that is mounted to and secured between two shoce-shaped
side plates 48, 487'. Fach gripping member 40, 40’ is slidably
mounted to a respective post 41, 417. More specifically,

rail-engaging elements 50 are secured to both shoe-shaped side

17
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plates 48, 48’ near the proximate enlarged ends (e.g., the end
nearest the posts 41, 41') thereof. The distance between the
facing plates 48, 48’ 1is such that the gripping members 40,
40" remain mounted to its respective tracks 42, 42’ when the

gripping members 40, 40’ are moved therealong.

[0057] As described above, the grip press 251 is moved
relative to the frame 24 1in an actuation direction 298
cpposite the support surface 443 so as to clamp the product 12
between the support surface 44S in the predetermined reference
crientation and the grip press 251. With reference to the
grip press 251, the predetermined reference orientation is
where the support surface 448 (and the plane 200 formed
thereby) is substantially parallel with the bottom portions of
the gripping members 40, 40’ (or substantially parallel with
the bottom portion of the pad 176 in Figs. 5 and 6). With
reference to the frame 24, the predetermined reference
orientation is where the support surface 44S (and the plane
200 formed thereby) is substantially oriented at a pitch angle
8 (which corresponds with the angle 6 effected by the robot-
mounting bracket 30) relative to the mounting surface 1210
(here substantially horizontal) of the robot-mounting bracket
30, coupled to the frame 24, that interfaces with and couples
to the end of arm tool mount 1100 of the robot arm 14 (see

Fig. 12).

[0058] The predetermined reference orientation may be set
by one or more stop surfaces 900-903 (see Fig. 9) of one or
more of the mounting bracket 43 and posts 41, 417. In one
aspect, the stop surfaces 900 of the mounting bracket 43

contact stop surface 902 of the respective post 41, 41’ to
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arrest rotational movement (here, clockwise) of the support
members 44 in direction 297 and set the predetermined
reference orientation. In another aspect, the stop surface
901 of the respective post 41, 41" contacts stop surface 903
of the mounting bracket 43 to arrest rotational movement of
the support members 44 in direction 297 and set the
predetermined reference orientation. In other aspects, any
suitable combination of stop surfaces 900-903 may be used to
arrest rotation movement o©f the support members 44 in
direction 297 to set the predetermined reference orientation;
while 1n still other aspects the predetermined reference
orientation may be set in any suitable manner. Referring also
to Fig. 9A, 1in one or more aspects, the stop surface 901 of
the respective post 41, 41’ is dispocsed on or 1s otherwise
formed by a protrusion 979 that extends from the respective
post 41, 417. The mounting bracket 43 includes recesses 43R,
each recess 43R being configured to receive a respective
protrusion 979 and having or otherwise forming the stop
surface 903 of the mounting bracket 43. The protrusion 979
and the respective recess 43R form a releasable detent or
latch that at least in part maintains the support members 44
in the predetermined reference orientation. For example, at

least one protrusion 979 includes one or more recesses 978

disposed on one or more sides of the protrusion 92792. At least
cne recess 43R includes biased detent members 976 (e.g.,
kballs, pins, etc.) that are biased towards a respective recess

978 of the at least one protrusion 979, where the recess 978
is shaped and sized so that at least a portion of a respective
biased detent member 97¢ is received by and engages the recess
978. The bias force exerted by the biased detent member 976

against the recess 978 along with the shapes of the engagement
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surfaces of the biased detent member 976 and the recess 978 is
such that the support members 44 are releasably maintained in
the predetermined reference orientation (e.g., the releasable
detent/latch formed by the recess 978 and biased detent member
976 1is released upon a predetermined force being applied to
the support members 44 so as to provide compliance of the
gripping members 40, 407 as described herein while
substantially preventing undesired motion of the gripping
members 40, 40’ during, e.g., unloaded movement of the tool

10, 10A, 10B by the robot arm 14).

[0059] Tt is noted that the support members 44 and mounting
brackets 43 may be held in the predetermined reference
crientation at least in part by virtue of the cantilevered
weight of the support members 44. For example, the support
members 44 are cantilevered from the mounting bracket 43 so
that a force 277 1is generated by the weight of the support
members 44 on one side of the pivot axis 296 so that the
support members 44 and mounting brackets 43 are be held in the
predetermined reference orientation. The support assembly
coupling 295 to the frame 24 has a configuration fixing the
support member 44 relative to the frame 24 in the actuation
direction 298 with the support surface 448 in the

rredetermined reference orientation and that 1s movably

released 1in at least another direction 297 (e.g., here
counterclockwise, away from the predefined reference
crientation) . Here, the another direction 297, is a released

cr compliance direction that is oriented substantially against
the actuation direction 298 so that the support member 44 is
movable relative to the frame 24 so that the support surface

443 moves substantially freely away from the predetermined
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reference orientation in the direction 297, as will Dbe

described further herein.

[0060] Still referring to Figs. 2, 3A-3C, and 4, and also
to Fig. 13A, the distance 299 (Fig. 2) between the bottom
portions of the gripping members 40, 40" and the top portion
cof the respective fork assemblies 38, 38’ defines the opening
cf the gripping assembly 26 and can be adjusted for the height
cf a given product 12. For that purpose, the position and
movement of the gripping members 40, 40’ are servo-driven and,
in one aspect, pneumatically actuated by a first drive
assembly 54. The gripping assembly 26 has a position
compliance or conformance device 300 disposed so that the grip
press 251 actuation to clamp the product 12 between the
support surface 44S and the grip press 251 1is compliant or
conformal to a displaced position of the support surface 445
away from the predetermined reference orientation (as shown in
Fig. 13A the grip press 251 may move 1in direction 298,
maintaining grip on the product 12, in response to the
displacement of the support surface 44S and the product 12
held thereon) . In one aspect, the position compliance device
300 may be included in the first drive assembly 54. For
example, the first drive assembly 54 includes a first drive 56
having a torque 1limiting device 301 and an output shaft
provided with a first pulley 58 that operatively receives an
endless belt 60, that is further mounted on a second pulley
62. The torque limiting device 301 may Dbe any suitable
mechanical or electrical device +that 1limits torque of the
first drive 56, such as a mechanical spring loaded friction
clutch, a spring loaded splined clutch, an electromotive force

(EMF) feedback 1in the first drive 56 that senses 1increased
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current and activates an electronic clutch, etc.). A roll 59,
that is rotatably mounted to the frame, is provided to tension
the belt 60. The pulley 62 is mounted to a first end of a
shaft, and a driven gear €4 1is provided at its other end. The
driven gear 64 1is rotatably mounted to the frame 24 and

receives an endless timing belt 65.

[0061] The coupling assembly 70 operatively couples the
timing belt 65 to the track 42 of the fixed post 41. Another
coupling assembly 71 operatively couples the distal end 69 of
the pneumatic actuator 68 to side plate 48. The horizontal bar
74 is coupled to the gripping assembly 40-40’ as can be better

seen from Fig. 3a.

[0062] A horizontal kbar 74, that is secured to the gripping
member 40 on the side of the fixed post 41 and that is
slidably received by the other gripping member 40, forces both
gripping members 40, 40’ to slide alcong the track assemblies
42, 42' 1in wunison in the actuation direction 298 when the

first drive assembly 54 is actuated.

[0063] The width-adjusting assembly 29 allows moving the
tool 10A between two specific width configurations, a narrow
and a wide configuration, depending on the size of each
product 12 to pick. More specifically, the width-adjusting
assembly 29 allows moving and maintaining the distance between
the movable post 41’ and the fixced post 41 (and the support
members or forks supported thereby), and therefore between the

gripping members 40 and 40’ and between the forks 38 and 387.

[0064] The width-adjusting assembly 29 includes top and

bottom cursors 76 and 78 (Figs. 2 and 4) that receive
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respective horizontal tracks 80 and 75 (Figs. 2, 3C, and 4).
The track 75 is fastened to the horizontal bar 74. The top
horizontal tracks 80 are fixedly mounted to the frame 24
thereunder and the top cursor 76 1s slidably mounted to the
tracks 80 and fixedly mounted to the movable post 41’. The
bottom track 75 is fixedly mounted to the gripping member 40
and the bottom cursor 78 is fixedly mounted to the other
gripping member 40" and slidably mounted to the track 75. A
slot 82 1is provided in the exterior side plate 48 of this
other gripping member 40’ to allow passage for the horizontal
bar 74 and bottom track 75 when the movable gripping member
40’ 1is moved towards the other gripping member 40. The width-
adjusting assembly 29 further includes a pneumatic cylinder 84
mounted to the frame near the fixed post 41. Extending or
retracting the cylinder rod 86 allows modifying the width of
the tool 10A. While the width-adjusting assembly 29 is
described and 1illustrated, 1in one or more aspects (such as
illustrated in Fig. 9) the width-adjusting assembly is omitted
and spacing (e.g., lateral pitch) between the support members
44 is fixed. The fixing of the lateral pitch between support
members 44 at least in part facilitates dimproving the time

cptimization of the tool trajectories/movements.

[0065] The pusher assembly 28 will now be described 1in more
detail. The pusher assembly 28 has a high stiffness (e.g.,
effected at least in part by the pusher bars) that is based on
maintaining free clearance between telescoping portions of the
pusher bars (as described herein) for case of
telescoping/releasing the pusher bars to collapse freely (with
respect to the a top of the pusher bar) with support member 44

rotation/camming about axis 296 from impact with an object (As
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described herein). The pusher assembly 28 includes one or
more pusher (s) or pusher bar(s) 94, 94’ that is/are mounted to
the frame 24 for longitudinal movement in direction 294 (Fig.
2) along the support member 44. The pusher bars 94, 94’ may
have any suitable configuration including but not limited to
square bars, round bars, tubes, elongated “U” shaped channel
bars, “I” beams, an elongated boxed frame (see pusher assembly
28A in Fig. 5) similar to that described herein with respect
to frame 24, a latticed frame (see pusher assembly 28A in
Figs. 13B and 13C) similar to that described herein with
respect to frame 24, and/or any other guitable configuration
or combinations therecf for effecting the structure and
functions of the pusher bars described herein. The pusher
assembly a pusher actuator or second drive assembly 88 that
has position compliance similar to that of the first drive
assembly 54. As will become apparent upon reading the
following description, the pusher assembly 28 defines a
product abutment, that extends generally perpendicularly to
both the fork assemblies 328, 38’ and the gripping members 40,
40" so as to extend between the fork assemblies 38, 38’ and
the gripping members 40, 40'. The pusher bars 94, 94’ have a
longitudinal position along the fork assemblies 38, 38’ that
is movable in unison with the displacement of the tool 10A in
an opposite direction thereof so as to move the pusher bars

94, 94’ over the support surface 44S.

[0066] The pusher assembly 28 includes a third track
assembly 90, including tracks 96 that extend generally
parallel to the fork assemblies 38,38’, two pusher bars 94,

94’ that are mounted to the tracks 96 wvia a pusher bar holder
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92, and a second drive assembly 88 for moving the pusher bar

holder 92 along the tracks 96.

[0067] The pusher bar holder 92 1is slidably mounted to the
tracks 96 wvia a cursor 102 fixed to the pusher bar holder 92.
The holder 92 includes tracks 98 that are oriented

perpendicular to the gripping members 40-407.

[0068] The proximate end 87 of the pusher bar 94 is fixedly
mounted to the pusher bar holder 92. The proximate end 87’ of
the pusher bar 947 is slidably mounted in the tracks 98 via a
cursor 104 for movement therealong. The pusher bars 84 are
further slidably mounted to the inner side plate 48 of the
gripping member 40 wvia hollow brackets 91 for free movement
along the gripping members 40-40’ and also so as to allow
transversal movement of the gripping members 40-40’ along the
pusher bars 94-94’. The brackets Y1l are slidably mounted to

the inner side plates 48.

[0069] The distal ends 89 of the pusher Dbars 94 are
provided with support members 93 that extend laterally from
the pusher bars 94-94’, perpendicularly therefrom in opposite
directions. The length of these twc support members 93 are
such that they do not extend beyond the forks 38 and gripping
members 40 when the gripping member 40’ and fork 38’ are
prositioned closer to the other corresponding assembly 40 and
fork 38. In onc aspcct, thc pushcr asscmbly 28 1is also
configured so as to be compliant or conformal to the
displacement position of the support surface 445 as will be
further described herein. For example, referring briefly to
Figs. 13 and 13A, at least a portion 1350 of the pusher bars
94, 94’ of the pusher assembly 28 may be telescoping relative
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to another portion 1355 of the pusher bars 94, 94’ so that the
telescoping porticon 1350 moves in direction 298 along a linear
slide 1370 formed by or coupled to the another portion 1355 of
the pusher bars 94, 94’. Here, the telescoping portion 1355
of the pusher bars 94, 94’ 1is compliant with respect tc and
allows for free movement of the support members 44 about pivot
axis 296 in response to contact with an object 1300 (see Figs.

13, 13A, 13B, and 13C).

[0070] As noted above, 1n one aspect, the second drive
assembly 88 includes position compliance or conformance device
310. In one aspect, the position compliance device 310 may be
included in the drive 106 of the second drive assembly 88.
For example, the second drive assembly 88 includes a drive 106
having a torque limiting device 311 an output shaft provided
with a pulley 107 that i1s operatively coupled to an endless
belt 109. The torque limiting device 310 may be any suitable
mechanical or electrical device that 1limits torque of the
drive 106, such as a mechanical spring loaded friction clutch,
a spring loaded splined clutch, an electromotive force (EMF)
feedback in the first drive 56 that senses increased current
and activates an electronic clutch, etc.). The endless belt
109 1is coupled to the pulley 111. A roller 108, that is
secured to the frame 24, 1is provided to tension the belt 109.
The pulley 111 is coupled to the pulley 113 wvia the coupling
shaft 112, who is coupled to the timing belt 115. The other
end of the endless belt 115 is mounted to a pulley 114 that is
rotatably mounted to the frame 24 via a mounting bracket 116.
The curscr 102 1is attached to the belt 115 wvia a clipping
assembly 118 for movement of the holder 92 in unison with the

belt 115.
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[0071] In operation of the pusher assembly 28, the
longitudinal position of both pusher bars 94, 94’ along the
gripping members 40, 40’ is controlled by the drive 106, the
Lar 94’ moves laterally in unison with the gripping member 407
when the width of the tool 10A is adjusted for the width or
length of the product 12 to pick, and the gripping members 40,
40" are free to move along the pusher bars 94-94’ to adjust
for the height of the product 12. When the pusher assembly 28
is moved by the second drive assembly 88, the belts 46 follow
the movement of the pusher assembly 28 in unison. The pusher
bars 94, 94’ are attached to the belts 46 with clipping
assemblies 119 and 119’ (see on Fig. 3C).

[0072] With reference to Figs. 5-8, another tool 10B for
palletizing mixed load products will be described in
accordance with aspects of the present disclosure. The tool

10B 1is substantially similar to tool 10A described above

except were otherwise described.

[0073] In this aspect, the tool 10B includes fork
assemblies 38, 38’ each having one or more support member 44.
The fork assemblies 38, 38’ are mounted to the frame 24A via
tapered beams 148, 150 so as to extend perpendicularly
therefrom. The center beam 150 1s fixedly mounted to the
frame 24A and the two side beams 148 are mounted to the frame
24A for lateral movement 1in direction 700 relative to the
center beam 150. More specifically, the beams 148 are mounted
to tracks 152 and their lateral distance 701 from the center
beam 150 can be modified wvia the actuators 154 (e.g., compare

the distance 701 in Figs. 7 and 8). In one aspect, each of
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the actuators 154 includes a position compliance device

substantially similar to those described above.

[0074] The tool 140 further comprises a pusher assembly 28A
that may be similar to pusher assembly 28 described above,
however in this aspect the pusher bars 94, 94’ are in the form
of a boxed frame (Fig. 5) and/or latticed frame (Figs. 13B,
13¢C) . The pusher assembly 28A is mounted to the frame 24A via
a track 158 for slideable movement along the center support
member 44. The displacement of the pusher assembly 28 1is
driven by a first drive assembly 162 that includes first drive
164, first endless belt assembly 166 and associated pulleys.
The first drive 164 may include a position compliance or
conformance device 600 having a torque limiting device 301.
The torque limiting device 601 may be any suitable mechanical
or electrical device that limits torgue of the first drive 56,
such as a mechanical spring lcaded friction clutch, a spring
loaded splined clutch, an electromotive Zforce (EMF) feedback
in the first drive 56 that senses increased current and

activates an electronic clutch, etc.).

[0075] A pad 176, that forms a gripping element with one or
more of the support members 44, is mounted to the pusher
assembly 28A via & track 171 for slideable movement therealong
in direction 298. The longitudinal movement of the pad 176 in
the track 171 1is driven by a second drive assembly 168 that
includes a second drive 170, a spline shaft 160, an endless
belt assembly 172 and actuator 174. In one aspect, the second
drive 170 includes a position compliance or conformance device
500 in a manner similar to that described above. The position

compliance device 500 includes a torque limiting device 501,
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which may be any suitable mechanical or electrical device that
limits torgque of the second drive 170, such as a mechanical
spring loaded friction clutch, a spring loaded splined clutch,
an electromotive force (EMF) feedback in the first drive 56
that senses 1increased current and activates an electronic

clutch, etc.).

[0076] In one aspect, the pusher assembly 28A 1is also
configured so as to be compliant or conformal to the
displacement position of the support surface 445 as will be
further described herein. For example, at least a portion
1350 of the pusher assembly 28A (such as the pad 176 and/or
the track 171 and its housing) may be telescoping relative to
another portion 1355A of so that the telescoping portion 1350A
moves 1in direction 298 along a linear slide 1370A (telescoping
motion being effected 1in part by the position compliance
device 500) that 41is provided by or coupled to the another
portion 1355A of the pusher assembly 28A. Here, the
telescoping portion 1355A is compliant with respect to and
allows for free movement of the support members 44 about pivot
axis 296 in response to contact with an object 1300 (see Figs.

13, 13A, 13B, and 13C).

[0077] Referring to Figs. 2, 5, 9, and 10 an exemplary
support assembly coupling 295 between the mounting bracket 43
and the support member (s) 44 of the tools 10A, 10B will be
described in accordance with aspects of the present
disclosure. The support assembly coupling 295 to the frame
24, 24A is positionally deterministic so that the support
assembly coupling 295 deterministically positions the support

member 44 in the actuation direction 298 1in a predetermined
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position with the support surface 44S at the predetermined
reference orientation relative to the frame 24, 24A, and that
is movably released in a released directicn 297 different than
the actuation direction 298 so that the support member 44 1is
substantially freely movable relative to the frame 24, 24A in
the released direction 267 away from the predetermined

position.

[0078] The movably released configuration of the support
member 44 provides for the support member 44 to be movable
substantially freely relative to the frame 24, 24A in at least
the released direction 297 with the gripping assembly 26, 26A
in a condition other than clamped wherein the product 12 is
gripped by the support surface 44S and the grip press 251,
251A. In one aspect, the support assembly coupling 295 has a
pivot or otherwise compliant coupling 950 disposed between the
support member 44 and the frame 24, 24A that defines the
motion release of the support assembly coupling 295 so that
the support member 44 is movable relative to the frame 24, 24A
in the released direction 297. For example, the mounting
bracket 43 1is coupled to the frame 24, 24A 1in any suitable
manner so as to pivot about pivot axis 296 so that compliance
cf the support member 44 moves the support surface 448
relative to the frame 24, 24A 1in the released direction 297
away from the predetermined position. The compliant coupling
950 is configured so that the support member 44 is compliant
independent of whether the tool 10A, 10B is in a gripping
condition, wherein the product is gripped by the support
surface 445 and the grip press 251, 251A, and an ungripping
condition, wherein the product 12 is not gripped or the tool

10A, 10B does not have a product 12 thereon.
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[0079] As described above, the pivoting movement of the
mounting bracket 43 is arrested by one or more stop surfaces
900-903 (Fig. 9) of one or more of the mounting bracket 43 and
rosts 41, 41" (the tapered beams 148, 150 of Figs. 5-8 may
have a similar configuration to that of the posts 41, 417').
In one aspect, the stop surfaces 900 of the mounting bracket
43 contact stop surface 902 of the respective post 41, 41’ to
arrest roctational (here, clockwise) movement of the support
members 44 in direction 297 and set the predetermined
reference orientation. In another aspect, the stop surface
901 of the respective post 41, 41 contacts stop surface 903
of the mounting bracket 43 to arrest rotational movement of
the support members 44 in direction 297 and set the
predetermined reference orientation. In other aspects, any
suitable combination of stop surfaces 900-903 may be used to
arrest rotation movement of the support members 44 in
direction 297 to set the predetermined reference orientation;
while 1in still other aspects the predetermined reference
crientation may be set in any suitable manner. It is noted
that the support members 44 and mounting brackets 43 may be
held in the predetermined reference orientation by virtue of
the cantilevered weight of the support members 44. For
example, the support members 44 are cantilevered from the
mounting bracket 43 so that a force 277 1is generated by the
weight of the support members 44 on one side of the pivot axis
296 so that the support members 44 and mounting brackets 43

are be held in the predetermined reference orientation.

[0080] Referring also to Figs. 13, 132, 13B, and 13C, the
movably released configuration of the support member 44

provides for movement of the support member 44 in the released
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direction 297, such as upon contact with an object 1300 sc as
to substantially prevent flexing of the support member 44.
For example, the support surface 44S moves substantially
freely in the released direction 297 by contact of the object
1300 against the support member 44 in a contact direction 1310
aligned at least 1in part with the released direction 297
(e.g., so as to produce a moment 296M (Fig. 13A) about the
pivot axis 296), which contact of the object 1300 against the
support member 44 is generated by relative motion between the
support member 44 and the object 1300 (e.g., such as during a
movement or palletizing motion along paths 197-199 of the tool
10A, 10B by the robot arm 14 (see Fig. 1). Here, movement of
the support member 44 about the pivot axis 296 is an unpowered
(i.e., passive) movement. In one aspect, such as in Fig. 13
with for example the tool 10, 10A, 10B “empty” (i.e., not
carrying a product), the cbject 1300 is the product 12; or in
cther aspects, such as in Fig.13A with for example the tool
10, 10A, 10B carrying a product 12, the object 1300 is a
different product 12A disposed at least at one of a product
pick station 1l6P (e.g., such as of the infeed convevyor 16),
that holds the product for picking by the tool, and any
suitable portion of the palletizer cell 15. In still another
aspect, with respect to Figs. 13, 1327, 13B, and 13C, the
cbject 1300 is a structure from at least one of a structure of
a product pick station 16P (e.g., such as the infeed conveyor
16 or any portion thereof), that holds the product for picking
by the tool, a structure of a palletizer cell 15 (e.g., a
robot support structure, conveyors, etc.), and a structure
(e.g., pallets, products, etc.) seated on at least part of the
palletizer cell 15.
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[o081] As noted above, and referring to Figs. 2, 134, and
13C, the grip press 251 and or the portion of the pusher bars
94, 9S54’ are compliant with movement of the support members 44
about pivot axis 296. For example, as shown 1in Fig. 13A the
grip press 251 may move 1in direction 298B in response to
movement of the support members 44 in direction 297 resulting
from contact between the support members 44 and the object
1300. The position compliance device 300 c¢f the first drive
assembly 54 (which drives movement of the grip press 251 in
direction 298) may vield to forces exerted on the gripping
members 40, 40’ of the grip press 251 by the product 12 held
on the support surface 44S of the support members 44, while
maintaining grip on the product 12, and allow for compliant
movement of the grip press 251 1in direction 298B. The
compliance device 500 1in Fig. 5 may operate 1in a manner
similar to that described above with respect to compliance
device 300 to provide the pad 176 with compliance similar to
that of the grip press 251. Similarly, the compliance device
310 of the second drive assembly 88 that drives the pusher
kbars 94, 94’ may provide compliance of the pusher bars 94, 947
in direction 1333 (Fig. 13A) in response to movement of the
support members 44 1in direction 297 (and movement of the
product 12 held thereon) zresulting from contact between the
support members 44 and the object 1300. For example, as the
support members 44 pivot about pivot axis 296 in response to
contact with the object, the product 12 may mocve in direction
1333, and as such the product 12 may push against the pusher
bars 94, 947. The compliance device 310 allows movement of
the pusher bars 94, 94’7 1in direction 1333 in response to
movement of the product 12 effected by the rotation of the

support members 44 about pivot axis 296. The ccmpliance
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device 600 in Fig. 5 may operate in a manner similar to that
described above with respect to compliance device 310 to
provide the pusher assembly 28A with compliance similar to
that of the pusher assembly 28. As such, the position
compliance devices 300, 500 of the drive assemblies 54, 168
accommodates displacement of respective ones of the grips
(e.g., grip press 251 or pad 176) (i.e., the gripping force in
the grip direction) and the position compliance devices 310,
600 of the drive assemblies 88, 162 accommodates displacement
cf the respective pusher bars of the pusher assemblies (i.e.,

rushing force in the pushing direction).

[0082] Further, the telescoping porticns of the pusher bars
telescope 1in compliance to movement of the support members 44
about pivot axis 396 as described herein. Referring to Figs.
2, 5, and 13 as noted above, in one aspect, the tools 10A, 10B
include a compliant pusher assembly 28, Z28A. It is noted that
while tool 10A is illustrated in Fig. 13, the pusher assembly
28A of tool 10B may be similarly configured. In one aspect,
at least a portion 1350 of the pusher bars 94, 94’ of the
pusher assembly 28 may be telescoping relative to another
portion 1355 of the pusher bars 94, 94’ so that the
telescoping porticn 1350 moves in direction 298 along a linear
slide 1370 formed by or coupled to the another portion 1355 of
the pusher bars 94, 94’'. Here, the telescoping portion 1355
of the pusher bars 94, 94’ is compliant with respect to and
allows for free movement of the support members 44 about pivot
axis 296 1in response to contact with the object 1300. For
example, movement of the support members 44 (and the support
surface 445 thereof) 1in released direction 297 about pivot

axis 296 1in response to ccntact with the object 1300 causes
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telescoping porticn 1355 of the pusher bars 94, 94’ to move in
direction 298 towards the robot-mounting bracket 30 of the
tool 10A so as to allow movement o¢f the support member 44
about pivot axis 44 away from the predetermined reference
orientation. While a telescoping compliance is described and
illustrated with respect to Fig. 13, it should be understood
that any suitable compliance (e.g., bending, pivoting, etc.)
maybe provided by the pusher assembly 28, 28A so as to allow
movement of the support members 44 in direction 297 away from
the predetermined reference orientation substantially without

interference from the pusher assembly 28, 28A.

[0083] In one aspect, the support member 44 may be
constructed of any suitable phenolic materials such as,
including but not limited to, thermoset glass-reinforced
(fiber-epoxy) laminates. A suitable example of a thermoset
glass-reinforced (fiber-epoxy) laminate is Garolite® G10/FR4.
The phenolic materials may provide a resiliency to the support
members 44 that allows the support member 44 to elastically
flex while returning to 1its original configuration after
contact with an object 1300. In other aspects, the support
member 44 may be constructed of any suitable metal, plastic,
or other material having sufficient mechanical properties to

support the products 12 for palletization.

[0084] In some aspects, the support member 44 is a
frangible support member 44F (that is otherwise substantially
similar to support member 44 except where noted) that has an
un—-ductile material characterized in that +the frangible
support member 44F is substantially undeformed and the support

surface 44S 1s substantially invariant, from a predetermined
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reference orientation (such as shown in Figs. 2 and 12), from
strikes of the support assembly 250 against an obstruction or
cbject 1300 (Fig. 13) with the tool 10, 102, 10B moved along
cne or more paths 197-199 (see Fig. 1) by the robot arm 14,
and in that the frangible support member 44F remains
substantially undeformed, the support surface 443
substantially invariant, onto fracture of the frangible
support member 44F on impact with the obstruction or object
1300 that causes the fracture, which fracture disrupts the
support surface 4485 from the predetermined reference
crientation, so as to provide the support surface 44sS with but
two states, a substantially invariant state 1077 (as shown in
Fig. 10) and a disrupted state 1078 (as shown in Fig. 10B).
The frangible support member 44F fracture provides a
predetermined, substantially immediate, indication or indicia
1403 to an operator of the palletizer cell 15 of disruption of
the support surface 44S. For example, as shown in Fig. 10B a
portion of the frangible support member 44F separates
completely (or in other aspects, partially) from another
portion of the frangible support member so as to wvisibly
truncate or visibly create gaps in the support surface 44S.
The predetermined indicia 1043 substantially immediately
identifies to the operator the disruption rendered the support
surface 445 unsuitable for seating a product 12 thereon. The
frangible support member 44F is configured so as to define the
predetermined indicia 1043 that provides the substantially
immediate indication of the disrupted state 1078, wherein the
predetermined indicia 1043 4is dintrinsic to fracture of the
frangible support member 44F. For example, the indicia 1043
may be any suitable indicia such as a fractured surface,

strands of material, or any other suitable wvisual indicia
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and/or aural indication that identifies a fracture. It is
noted that the robot arm 14 operate under bang-bang (max
torgque, time optimal) control where the tool 10, 10A, 10B 1is
moved by the robot arm 14 along the paths 197-199 at about 70%
to about 90% of maximum robot arm 14 acceleration and at about
50% to about 60% maximum rcbot arm jerk without product(s) 12
held on the support members 44. With products held on the
support members 44 the robot arm 14 may move the tool 10, 104,
10B along the paths under bang-bang control at about 55% to
about 85% of the maximum zrobot arm 14 acceleration and at
about 50% to about 75% maximum robot arm Jerk. The support
members 44 may encounter an object/obstruction 1300 (Fig. 13)
during this bang-bang control movement and elastically deflect
and remain invariant on striking objects and otherwise

fracture as described herein.

[0085] In one aspect, the frangible support member 44F is
configured so as to Dbe substantially undeformed and the
support surface 4483 substantially invariant, from the
predetermined reference orientation, from strikes of the
support assembly 250 and the obstruction or object 1300 (Fig.
13) with the tool 10, 10A, 10B moved along the path(s) 197-199
by the robot arm 14 commensurate with the predetermined duty
cycle of the robot arm 14 palletizing pallets at the
palletizer 15. In one aspect, the frangible support member
44F is configured so as to be substantially undeformed and the
support surface 448 substantially invariant, from the
predetermined reference orientation, from dmpacts of the
support assembly 250 and the obstruction or object 1300 (Fig.
13) with the tool 10, 10A, 10B moved along the path(s) 197-199

by the robot arm 14 commensurate with optimum trajectory
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motion of the tool 10, 102, 10B along the path(s) 197-199
between different product pick and place positions (as
illustrated in Fig. 1 such as picking from different locations
cn the 1infeed conveyor 16 and placing at different positions
on the pallet 20) of the tool 10, 10A, 10B in the palletizer
15.

[0086] As described herein, support member 44, 44F and the
support surface 445 thereof has a proximal end 1050 and a
distal end 1060 disposed so that the product 12 is secated (at
least in part so as to be stably held) between the proximal
end 1050 and the distal end 1060, and the support member 44,
44F is coupled to the frame 24, 24A at the proximal end 1050,
and wherein the support surface 44S 1is has an anhedral angle
o, relative to a predetermined 1level plane PLN (Fig. 12),
between the proximal end 1050 and distal end 1060 so that the
product 12 seated on the support surface 445 1s disposed at
the anhedral angle o at discharge from the tool 10, 10A, 10B
from the distal end 1060 of the support surface 448S. For
example, the support member 44 (inclusive of frangible support
member 44F) 1is coupled to the frame 24 (inclusive of frame
24A) with a coupling 961 (Fig. 9) that is compliant at least
in part. In some aspect, the frangible support member 44F is
configured so as to fracture on impact with the obstruction or
cbject 1300 (Fig. 13) exceeding compliance of the coupling
961. As an example, the support member 44 (again, inclusive
cof the frangible support member 44F) 1is removably Jjoined to
the mounting bracket 42 with a sliding joint 920 configured so
that the support member 44 and mounting bracket 43 slide
relative to each other and the support member 44 is joined and

dis-joined to the mounting bracket 43 by relative sliding
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between the support member 44 and the mounting bracket 43. In
cne aspect, the support member 44 is removably Jjoined to the
mounting bracket 43 by a slot Jjoint 921 that effects a
substantially tool-less fast swapping of one support member
with another support member (such as for replacement), where
the tool-less fast swapping may be referred to as sliding one
support member 44 out from the mounting bracket 43 in a
substantially straight line (in direction 992 - Fig. 9)
movement and replacing the removed support member with another
different support member 44 by sliding the different support
member 444 into the mounting bracket 43 (i.e., so as to occupy
the space of in the mounting bracket of the Jjust removed
support member) in a substantially straight line movement (in
direction 999 - Fig. 9). The slot Jjoint 921 defines a
guideway interface Dbetween the mounting bracket 43 and the
support member 44 so that the mounting bracket 42 and the
support member 44 slide relative to each other in sliding
direction 999 effecting coupling and decoupling of the support
member 44 and the mounting bracket 43 to each other. The
guideway interface has an orientation in a direction athwart
the released direction 297 with the support assembly coupling
295 fixing the support surface 4435 1in the predetermined
reference orientation, and the support assembly coupling 295
has the pivot axis 296 to reorient the guideway interface down
at least in part from the cantilevered weight of the support

member 44.

[0087] The guideway interface has a reference datum
disposed so as to define the predetermined reference
crientation of the support surface 448 substantially

coincident with Joining of the support member 44 and the
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mounting bracket 43. As can be seen in Fig. 9, the guideway
interface of the slot joint 921 includes a channel 925 that is
sized and shaped to receive a base (or proximal) end 1050 of
the support member 44. The channel 925 may have any suitable
configuration, such as for example, a T-shape, a V-shape, or
other suitable shape configured to receive and locate the
support member 44 in the predetermined reference orientation.
In this aspect, the base end 1050 of the support member 44 is
shown as having (for 1llustrative purposes only) lateral
grooves 1051 that are spaced from a locating surface 1055 of
the support member 44, where the lateral grooves 1031 receive
opposing protrusions 930, 931 of the channel 925. The
reference datum is formed by the interface between the
locating surface 1055 and upper surface 932 of the channel 925
and/or the interface between one or more of the upper and
lower surfaces 1052, 1053 of the lateral grooves 1051 of the
support member 44 and the respective upper and lower surfaces
937, 938 of the opposing protrusions 930, 931 of the channel
925. In one aspect, to provide for sliding insertion and
removal of the support member 44 to and from the mounting
bracket 43, the guideway interface defines a running clearance
between the support member 44 and the mounting bracket 43 so
the support member 44 and the mounting bracket 43 slide
substantially free rzrelative to each other 1in c¢oupling and

decoupling.

[0088] Referring to Figs. 9, 10, and 10A, in one aspect,
the support member is fully seated or coupled to the mounting
bracket 43 where, for example, a stop surface 1054 of one or
more of the lateral grooves 1051 contact a stop surface 933 of

the opposing protrusions 930, 931; while in other aspect, any
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suitable surfaces may locate the support member 44 within the
channel 925 in the sliding direction 999. In one aspect, the
support member 44 is configured with a wvisual indicator that
rprovides a wvisual 41indication that the support member 44 1is
fully seated within the channel 925. For example, the base
end 1050 of the support member 44 includes a
laterally/transverse extending notch 1066 that includes an
apex 1067. The support member 44 and the locating surfaces
(e.g., 1in the sliding direction 999) described above may be
arranged relative to each other such that upon fully seating
or coupling of the support member 44 within the channel 925 of
the mounting bracket 43, the apex 1067 1is substantially
aligned with a back or seat indicating surface 1080 (see Fig.
10A) of the mounting bracket 43. In other aspects, any
suitable wvisual, aural, or other indication may be provided to
indicate to an operator that the support member 44 is fully

seating in mounting bracket 43.

[0089] The slot joint interface 921 described above
provides for tool-less (i.e., no tools needed) replacement of
the support member 44. The tool-less changing of the support

member 44 occurs, as noted above, by sliding the “old” support
member out of the channel 925 and sliding a “replacement”
support member 44 into the channel 925 from which the ™old”
support member 44 was removed. Replacement of the support
member 44 may occur in about two minutes or less compared to a
fork replacement time of about 15 minutes or more for a
conventional end of arm palletizing tool. Removal of the
“old” support member 44 may be further facilitated by tipping
the tool 10A, 10B (such as through suitable control of the

robot arm 14) so that a cantilevered (or distal) end 1060 of
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the support member 44 is pointed downwards (e.g., towards the
floor) so that removal of the support member 44 may be a

gravity assisted removal.

[0090] Referring also to Figs. 9B and 10C, in one or more
aspects, the suppocrt member 44 is coupled to the mounting
bracket by any suitable removable fastener 972 (such as a
bolt, screw, clip, etc.). For example, the proximal end 1050
cf the support member 44 includes one or more apertures 970
that are shaped and sized for the passage of a respective
fastener 972 therethrough (i.e., the apertures 970 are
clearance holes that do not engage the fastener 972 other than
to allow passage of the fastener 972 through the support
member 44). The channels 925 of the mounting bracket 43
includes respective apertures 971 that are positioned in the
mounting bracket 43 so as to be substantially aligned with a
respective aperture 970 of the support member 44 with the
support member 44 fully seated within the channel 925. It is
noted that while the support member 44 is not illustrated as
having the notch 1066, in one or more aspects, the notch 1066
is included in the support member with the apertures 970. In
some aspects, the apertures 971 of the mounting bracket are
clearance holes and the fasteners 972 passing through both the
apertures 970 and 971 are retained by any suiltable retainer
974 (e.g., nut, clip, pin, etc.) so that the fastener 971 at
least in part couples the support member 44 to the mounting
bracket 43. In other aspects the apertures 971 are threaded
apertures so that the fasteners 972 are threadably engaged
with the apertures 971 so as to at least in part couple the
support member 44 to the mounting bracket 43. In still other

aspects some apertures 971 are threaded while other apertures
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are clearance holes. For example, referring also to Fig. 94,
channels 925T disposed opposite the protrusions 979 include
threaded apertures 971 while the other channels 925C include
through—-hole apertures 971. In some aspects, any suitable
reinforcing plate 973 1s provided between a head of the
fastener(s) 972 and a respective support member 44 sco as to
increase an interface surface (and any loading applied

thereto) between the fastener 972 and the support member 44.

[0091] Referring to Figs. 10-12, the support member 44 has
a tapered form where the taper decreases from the base end
1050 to the cantilevered end 1060. The support member 44 has
a reference surface (e.g., bottom surface 1070) that provides
a positioning reference for the tool 10, 102, 10B moved by the
robot arm 14 to a place position 1in the palletizer 15 from
which place position the product 12 is discharged from the
tool 10, 10A, 10B and placed on the pallet 20 1in the
palletizer 15. The reference surface (e.g., bottom surface
1070) 4is disposed opposite to the support surface 448S. The
bottom surface 1070 is positioned substantially aligned with
the predetermined level plane PLN with the tool 10, 102Z, 10B
at the place position. For example, the taper of the support
member 44 is such that where the bottom surface 1070 (which
may be substantially parallel with one or more of the lateral
grooves 1051 and the locating surface 1055) 1is substantially
parallel with a surface 1220 (e.g., of another product 12 or
any suitable support surface of the palletizer cell 15) upon
which a product 12 is picked or placed, the support surface
445 of the support member 44 is disposed at an angle o
relative to the surface 1220. Here the angle o provides for a

decreased “drop height” 1200 compared to forks having a
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product support surface that i1s substantially parallel with
the surface upon which the product 1s placed to or picked
from. In other words, the support surface 445 inclined by the
anhedral angle o towards the predetermined level plane PLN at
the distal end 1060 enables positioning of the tool 10, 10A,
10B at the place position so that the product 12, discharged
from the support surface 44S at the distal end 1060 to effect
placement of the product 12 onto the pallet 20, has a minimum
drop from the support surface 44S to the pallet 20 or other
suitable support surface. In one aspect, the anhedral angle «
is about 3° so that the drop height provided by the support
member 44 is about three-quarters of an inch (about 19 mm) or
less. In other aspects, the angle o may be more or less than
3% so as to provide for any suitable drop height 1200. In one
aspect, the angle o of the support surface 44S relative to the
surface 1220 may substantially correspond to (or be
substantially the same as) the angle 6 of the robot-mounting
bracket 30 described above; while in other aspects, the angle
o may be different (e.g., greater than or less than) than the

angle ©O.

[0092] Still referring to Fig. 10, in one aspect, the
support member 44 may also include relieved or recessed sides
1013. The recessed sides may provide the support member with
a tapered I- beam shape that provides a greater stiffness in
direction 298 than in directicn 1098. Here the recessed sides
1013 decrease a cross section of the support member to
increase the elasticity (e.g., allow elastic flexure) of the
support member 44 in direction 1098 so that upon contact of
the support member 44 with an object 1300 (Fig. 13) in
direction 1098 the support member 44 may flex elastically and
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resile to its original shape when contact with the object 1300
is released. Here compliance of the support member 44 in
direction 1098 1is provided by the resilience of the support
member 44 and compliance of the support member 44 in direction

298 1s provided by compliant coupling 950 described herein.

[0093] Referring to Figs. 1, 2, 5, and 14, a method for
ralletizing mixed load products in accordance with aspects of
the present disclosure will be described. The method includes
providing a tool 10A, 10B (Fig. 14, Block 1400) having a frame
24, 24A for mounting the tool 10A, 10B to a robot arm 14. In
the manner described above, the tool 10A, 10BR has the support
assembly 250 movably coupled to the frame 24, 24A, and a
gripping assembly 26, 26A mounted to the frame 24, 24A with an
actuator (e.g., see the first drive 56 and the second drive
assembly 168) and a grip press 251, 251A operably coupled to
the actuator. A product is supported (Fig. 14, Block 1410) on
the support member 44 of the support assembly 250. As
described herein the support member 44 forms a support surface
445 disposed in the predetermined reference orientation so as
to support thereon the product 12 seated on the support
surface 44S5. The grip press 251, 251A is moved relative to
the frame 24, 24A in the actuation direction 298 opposite the
support surface 44S so as to clamp the product 12 (Fig. 14,
Block 1420) between the support surface 448 in the
predetermined reference orientation and the grip press 251,
251A. As described above, the support assembly coupling 295
to the frame 24, 24A has a configuration fixing the support
member 44 relative to the frame 24, 24A in the actuation
direction 298 with the support surface 448 in the

rredetermined reference orientation and that 1s movably
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released in at least another direction 297 so that the support
member 44 i1s movable relative to the frame 24, 24A so that the
support surface 44S moves substantially freely away from the

rredetermined reference orientation.

[0094] As described herein, the another direction 297 is a
released direction, wherein the support surface 44S moves
substantially freely in the released direction by contact of
the object 1300 (Fig. 13) against the support member 44 in a
contact direction 1310 aligned at least in part with the
released direction 297, which contact of the object against
the support member is generated by relative motion between the
support member 44 and the object 1300. Exemplary
motions/paths 197-199 of the support member 44 (and the tool
10A, 10B) are illustrated in Fig. 1 as palletizing motions of
the robot arm 14 moving the tool 10A, 10B. For example, the
robot arm 14 may move the tool 10 (which 1s representative of
tools 10A, 10B) 1in palletizing motion/path 197 towards the
product pick station 16P. The palletizing motion may include
cne or more horizontal and vertical moves of the tool 10 so as
to place the support members 44 underneath the product 12 to
be picked and gripped by the tocol 10. The robot arm 14 may
move the tool 10 in palletizing motion/path 198 with the
product 12 so as to 1lift the product 12 from the product pick
station 16P to a location above/adjacent the pallet 20. The
robot arm 14 moves the tool in palletizing motion/path 199 to
place the product 12 on the pallet 20 (e.g., on the pallet 20
cr on one or more products 12 already disposed on the pallet
20) . Where the support members 44 contact the object 1300
during the palletizing motions/paths 197-199, the support

member 44 may move in the released direction 297 about pivot
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axis 296, laterally flex in direction 1098 (see Fig. 10), and
flex in direction 298 in a resilient manner as described
above. In aspects where the support member 44 1is the
frangible support member 44F, the support member 44 contact
with the object 1300 during the palletizing motions/paths 197-
199 causes the support member to move 1in the released
direction 297 about pivot axis 296 and/or fracture (see Fig.
10B) in manner as described above. In some aspects the tool
10, 10A, 10B may have a compliance support, as described, with
support members 44 of a conventional type (accepting permanent
deformation/bending on strike). In some other aspects, the
frangible support members described herein may be mounted to a

conventional end of arm palletizing tool.

[0095] Here, where contact 1s made between the support
member 44 and the object 1300 the support surface 443 of the
support member 44 may move away from the predetermined
reference orientation where, as described herein, the support
assembly coupling 295 has a movably released configuration
that allows the support member to move substantially freely
relative to the frame 24, 24A in the released direction 297
with the gripping assembly 26, 26A in a condition other than
clamped.

[0096] Where contact 1s made between the support member 44
and the cbject, the gripping assembly 26, 26A has a position
compliance device 300, 500 disposed so that the grip press
251, 251A actuation to clamp the product between the support
surface 4435 and the grip press 251, 251A is compliant to a
displaced position of the support surface 443, 1in direction

297, away from the predetermined reference orientation. For
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example, where a product 12 is gripped by the tool 10A, 10B
and the support surface 448 is moved away from the
predetermine reference position in direction 297, an opposing
force may be exerted against the gripping force of the grip
press 251, 251A. The opposing force may be detected by the
position compliance device 300, 500 and the gripping force may
be released or reduced to accommodate the movement of the
support surface 443, in direction 297, away from the
predetermined reference crientation substantially without
affecting the product 12 held by the tool 10A, 10B. Upon
release of the contact between the support surface 44 and the
cbject 1300, the support surface 445 may return to the
predetermined reference orientation under the weight of the
support members and/or product held thereon and the product 12
may be placed at any suitable location (e.g., on the pallet 20
cr other location where the product 12 may be inspected prior
to palletization). With the tool 10A, 10B free of product,
the location of the grip press 251, 251A may be recalibrated
cor zeroed out by driving the grip press 251, 251A to a known
location, such as into contact with the support surface 448S.
The contact between the grip press 251, 251A and the support
surface 44S is registered by the position compliance device
300, 500, where registration of the contact indicates to the
controller 22 of the tool 10A, 10B that the grip press 251,
251A is in a known location and operation of the grip press
may continue with calibrated movements. The position
compliance device 300, 500 may also reduce torque of the
respective drive assembly or stop the drive assembly i1f
resistance to movement of the grip press 251, 251A increases
above a predetermined threshold to protect drive assembly

components against wear.
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[0097] In one aspect, the method includes pushing the
product (Fig. 14, Block 1430), such as when placing the
product 12 on the pallet 20 or other product holding location,
in a longitudinal movement along the support member 44 with
the pusher assembly 28, 28A. As described above, the pusher
bar(s) 94 are driven by drive assembly 88, 162 which includes
position compliance device 310, 600. The position compliance
device 310, 600 may reduce torque of the respective drive
assembly or stop the drive assembly i1f resistance to movement
cf the pusher assembly 28, 28A increases above a predetermined
threshold to protect drive assembly components against wear.
The position compliance device 310, 600 may alsc effect
recalibration or zeroing out o¢f the pusher bar 94 movements by
driving the pusher bar(s) 94 to a known location, such as
fully retracted towards the posts 41, 41’ (or beams 148, 150)
where further movement of the pusher bar(s) 84 towards the
posts 41, 41 (or beams 148, 150) is arrested or limited by
allowed travel of the tracks 96, 158. The arrested movement
cf the pusher bar/(s) 94 1s registered by the position
compliance device 310, 600, where registration of the arrested
movement indicates to the controller 22 of the tool 10A, 10B
that the pusher bar(s) 94 is/are 1in a known location and

cperation of the pusher bar(s) may continue with calibrated

movements.
[0098] In one aspect, the method includes replacement of
cne or more support members 44 (Fig. 14, Block 1440). As

described above, the support member 44 may be one or more of
joined and dis-Jjoined to/from the mounting bracket 43 such as
where the support member is worn, broken, or otherwise is to

be replaced.
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[0099] Referring to Figs. 1, 2, 5, and 15, in one aspect of
the present disclosure a method for palletizing mixed load
products will be described. In the method the tool 10, 10A,
10B 1s provided (Fig. 15, Block 1500) on the robot 14 in a
manner substantially similar to that described above. A
predetermined indication (such as described above) of fracture
cf the frangible support member 44 and a disruption of the
support surface 44S is provided, with/by the frangible support
member 44, to an operator on impact of the frangible support
member 44 with an obstruction (such as object 1300 - Figs. 13,
13A (Fig. 15, Block 1510). The fractured support member 44 is
replaced with another frangible support member with a fast
swapping of the fractured support member 44 with the another
frangible support member 44 (Fig. 15, Block 1520). As
described herein, the fast swapping of the fractured support
member 44 with the another frangible support member 44 is a
substantially tool-less removal o¢f the fractured support
member 44 from the support assembly 43 and a substantially
tool-less insertion of the another support member 44 into the
support assembly 43. Here, the frangible support member 44 is
coupled to the frame 24, 24A with a coupling 295 that 1is
compliant at least in part, and the frangible support member
44 fractures on impact with the obkject 1300 exceeding

compliance of the coupling 295.

[0100] In accordance with one or more aspects of the
present disclosure a tool for palletizing mixed load products

is provided. The tool comprises:

[0101] a frame for mounting the tool to a robot;
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[0102] a support assembly movably coupled to the frame, the
support assembly having & support member forming a support
surface disposed in a predetermined reference orientation so
as to support thereon a product seated on the support surface;

and

[0103] a gripping assembly mounted to the frame with an
actuator and a grip press cperably coupled to the actuator so
as to move the grip press relative to the frame in an
actuation direction opposite the support surface so as to
clamp the product between the support surface in the

predetermined reference orientation and the grip press;

[0104] wherein the support assembly coupling to the frame
has a configuration fixing the support member relative to the
frame in the actuation direction with the support surface in
the predetermined reference orientation and that 1s movably
released in at least another direction so that the support
member 1is movable relative to the frame so that the support
surface moves substantially freely away from the predetermined

reference orientation.

[0105] In accordance with one or more aspects of the
present disclosure at least the another direction is a
released direction, wherein the support surface moves
substantially freely in the released direction by contact of
an objcct against the support mcember in a contact dircction
aligned at 1least in part with the released direction, which
contact of the object against the support member is generated

by relative motion between the support member and the object.
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[0106] In accordance with one or more aspects of the
present disclosure contact between the support member and the
cbject that effects movement of the suppcrt surface
substantially freely 1is generated through palletizing motion

of the robot moving the tool.

[0107] In accordance with one or more aspects of the
present disclosure the object is the product or a different
product disposed at least at one of a product pick station,
that holds the product for picking by the tool, and a portion

cf a palletizer cell.

[0108] In accordance with one or more aspects of the
present disclosure the object is a structure from at least one
of a structure of a product pick station, that holds the
product for picking by the tool, a structure of a palletizer
cell, and a structure seated on at least part of the

palletizer cell.

[0109] In accordance with one or more aspects of the
present disclosure the another directicn is oriented

substantially against the actuation direction.

[0110] In accordance with one or more aspects of the
present disclosure the support surface is planar and defines a
predetermined reference plane in the predetermined reference

corientation.

[0111] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a movably
released configuration =so that the support member is movable
substantially freely relative to the frame in at least the

another direction with the gripping assembly in a condition
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cther than c¢lamped wherein the product 1s gripped by the

support surface and the grip press.

[0112] In accordance with one or more aspects of the
present disclosure the gripping assembly has a position
compliance device disposed so that the grip press actuation to
clamp the product between the support surface and the grip
press 1s compliant to a displaced position of the support

surface away from the predetermined reference orientation.

[0113] In accordance with one or more aspects of the
present disclosure the position compliance device is a torqgue

limiting device.

[0114] In accordance with one or more aspects of the

present disclosure the tool further comprises:

[0115] a pusher assembly including a pusher that is mounted
to the frame for longitudinal movement along the support

member; and

[0116] a pusher actuator that has position compliance.

[0117] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a pivot
disposed between the support member and the frame that defines
the motion release of the support assembly coupling so that
the support member 1is movable relative to the frame 1in the

another direction.

[0118] In accordance with one or more aspects of the
present disclosure the support assembly has a support base

dependent from the frame and the support member i1s dependent
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and projects from the support base and is connected to the

frame by the support base.

[0119] In accordance with one or more aspects of the
present disclosure the support member is removably Jjoined to
the support base with a sliding Jjoint configured so that the
support member and support base sglide relative to each other
and the support member is joined and dis-Jjoined to the support
base by relative sliding between the support member and the

support base.

[0120] In accordance with one or more aspects of the
present disclosure the support member is removably Jjoined to
the support base by a slot Joint that defines a guideway
interface between the support base and the support member so
that the support base and the support member slide relative to
each other effecting coupling and decoupling of the support

member and the support base to each other.

[0121] In accordance with one or more aspects of the
present disclosure the guideway interface has a reference
datum disposed so as to define the predetermined reference
crientation of the support surface substantially coincident

with joining of the support member and the support base.

[0122] In accordance with one or more aspects of the
present disclosure the guideway interface defines a running
clearance between the support member and the support base so
the support member and the support base slide substantially

free relative to each other in coupling and decoupling.

[0123] In accordance with one or more aspects of the

present disclosure the guideway interface has an orientation
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in a direction athwart the released direction with the support
assembly coupling fixing the support surface in the
predetermined reference orientation, and the support assembly
coupling has a pivot to reorient the guideway interface down

at least in part.

[0124] In accordance with one or more aspects of the
present disclosure, the tool further comprises a wedge coupled
to the frame, the wedge is configured to couple the frame to a
robot arm of the robot so that the tool has a predetermined
angle, set by the wedge, relative to a mounting surface of an

end of arm tool mount of the robot arm.

[0125] In accordance with one or more aspects of the
present disclosure the support member has a tapered product
support surface, where an angle of the tapered product support
surface substantially corresponds to the predetermined angle

set by the wedge.

[0126] In accordance with one or more aspects of the
present disclosure, the angle of the tapered product support
surface and the predetermined angle set by the wedge are

substantially the same.

[0127] In accordance with one or more aspects of the

present disclosure a tool for palletizing mixed load products

is provided. The tool comprises:
[0128] a frame for mounting the tool to a robot;
[0129] a support assembly movably coupled to the frame, the

support assembly having a support member forming a support

surface disposed in a predetermined reference orientation so

al
al



CA 03221867 2023-12-7

WO 2022/256929 PCT/CA2022/050918

as to support thereon a product seated on the support surface;

and

[0130] a gripping assembly mounted to the frame with an
actuator and a grip press coperably coupled to the actuator so
as to move the grip press relative to the frame in an
actuation directicn opposite the support surface so as to grip
the product between the support surface in the predetermined

reference orientation and the grip press;

[0131] wherein the support assembly coupling to the frame
is positionally deterministic so that the support assembly
coupling deterministically positions the support member in the
actuation direction 1in a predetermined position with the
support surface at the predetermined reference orientation
relative to the frame, and that is movably released in a
released direction different than the actuation direction so
that the support member 1s substantially freely movable
relative to the frame in the released direction away from the

predetermined position.

[0132] In accordance with one or more aspects of the
present disclosure the support surface moves substantially
freely in the released direction by contact of an object
against the support member in a contact direction aligned at
least in part with the released direction, which contact of
the objccect against the support mcember is gcencrated by rclative

motion between the support member and the object.

[0133] In accordance with one or more aspects of the
present disclosure contact between the support member and the

ocbject that effects movement of the support surface
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substantially freely 1is generated through palletizing motion

cf the robot moving the tool.

[0134] In accordance with one or more aspects of the
present disclosure the object is the prcduct or a different
product disposed at least at one of a product pick station,
that holds the product for picking by the tool, and a portion

of a palletizer cell.

[0135] In accordance with one or more aspects of the
present disclosure the object is a structure from at least one
cof a structure of a product pick station, that holds the
product for picking by the tool, a structure of a palletizer
cell, and a structure seated on at least part of the

palletizer cell.

[0136] In accordance with one or more aspects of the
present disclosure the released direction is oriented

substantially against the actuation direction.

[0137] In accordance with one or more aspects of the
present disclosure the support surface is planar and defines a
predetermined reference plane in the predetermined reference

crientation.

[0138] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a movably
released configuration so that the support member 1is movable
substantially freely relative to the frame 1in at least the
released direction with the gripping assembly in a condition
cther than clamped wherein the product is gripped by the

support surface and the grip press.
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[0139] In accordance with one or more aspects of the
present disclosure the gripping assembly has a position
compliance device disposed so that the grip press actuation to
clamp the product between the suppcrt surface and the grip
press 1is compliant to a displaced position of the support

surface away from the predetermined reference orientation.

[0140] In accordance with one or more aspects of the
present disclosure the position compliance device 1is a torgue

limiting device.

[0141] In accordance with one or more aspects of the

prresent disclosure the tool further comprises:

[0142] a pusher assembly including a pusher that is mounted
to the frame for longitudinal movement along the support

member; and

[0143] a pusher actuator that has position compliance.

[0144] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a pivot
disposed between the support member and the frame that defines
the motion release of the support assembly coupling so that
the support member is movable relative to the frame in the

released direction.

[0145] In accordance with one or more aspects of the
present disclosure the support assembly has a support base
dependent from the frame and the support member is dependent
and projects from the support base and is connected to the

frame by the support base.



CA 03221867 2023-12-7

WO 2022/256929 PCT/CA2022/050918

[0146] In accordance with one or more aspects of the
present disclosure the support member is removably Jjoined to
support base with a sliding Jjoint configured so that the
support member and support base slide relative to each other
and the support member is Jjoined and dis-joined to the support
base by relative sliding between the support member and the

support base.

[0147] In accordance with one or more aspects of the
present disclosure the support member is removably joined to
the support base by a slot Jjoint that defines a guideway
interface between the support base and the support member so
that the support base and the support member slide relative to
each other effecting coupling and decoupling of the support

member and the support base to each other.

[0148] In accordance with one or more aspects of the
present disclosure the guideway interface has a reference
datum disposed so as to define the predetermined reference
orientation of the support surface substantially coincident

with joining of the support member and the support base.

[0149] In accordance with one or more aspects of the
present disclosure the guideway interface defines a running
clearance between the support member and the support base so
the support member and the support base slide substantially

frece reclative to cach other in coupling and deccoupling.

[0150] In accordance with one or more aspects of the
present disclosure the guideway interface has an orientation
in a direction athwart the released direction with the support

assembly coupling fixing the support surface in the
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predetermined reference orientation, and the support assembly
coupling has a pivot to reorient the guideway interface down

at least in part.

[0151] In accordance with one or more aspects of the
present disclosure, the tool further comprises a wedge coupled
to the frame, the wedge is configured to couple the frame to a
robot arm of the robot so that the tool has a predetermined
angle, set by the wedge, relative to a mounting surface of an

end of arm tool mount of the robot arm.

[0152] In accordance with one or more aspects of the
present disclosure the support member has a tapered product
support surface, where an angle of the tapered product support
surface substantially corresponds to the predetermined angle

set by the wedge.

[0153] In accordance with one or more aspects of the
present disclosure, the angle of the tapered product support
surface and the predetermined angle set by the wedge are

substantially the same.

[0154] In accordance with one or more aspects of the

present disclosure a tool for palletizing mixed load products

is provided. The tool comprises:
[0155] a frame for mounting the tcol to a robot;
[0156] a support assembly having a suppcert member movably

coupled to the frame via a compliant coupling, and forming a
support surface disposed in a predetermined reference
crientation so as to support thereon a product seated on the

support surface; and
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[0157] a gripping assembly mounted to the frame with an
actuator and a grip press operably coupled to the actuator so
as to move the grip press relative to the frame in an
actuation directicn opposite the support surface so as to grip
the product between the support surface in the predetermined

reference orientation and the grip press:

[0158] wherein the compliant coupling is compliant 1in a
compliance direction so that the support member is compliant
and movable relative to the frame in the compliance direction,
and wherein the compliant coupling is positionally
deterministic so as to deterministically position the support
member in the actuation direction in a predetermined position
with the support surface at the predetermined reference

crientation relative to the frame.

[0159] In accordance with one or more aspects of the
present disclosure the compliance direction i1s different than
the actuation direction, and the compliant coupling 1is
configured sc that compliance of the support member moves the
support surface relative to the frame 1in the compliance

direction away from the predetermined position.

[0160] In accordance with one or more aspects of the
present disclosure the compliant coupling 1s configured so
that the support member is compliant independent of whether
the tool is in a gripping condition, whcrcin thce product is
gripped by the support surface and the grip press, and an

ungripping condition.

[01lel] In accordance with one or more aspects of the

present disclosure +the gripping assembly has a position

6l
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conformance device disposed so that the grip press actuation
so as to grip the product between the support surface and the
grip press is conformal to a displaced position of the support

surface away from the predetermined reference orientation.

[0162] In accordance with one or more aspects of the
present disclosure the position conformance device ig a torque

limiting device.

[0163] In accordance with one or more aspects of the
present disclosure at least the compliance direction 1is a
released direction, wherein the support surface moves
substantially freely in the released direction by contact of
an object against the support member in a contact direction
aligned at least in part with the released direction, which
contact of the object against the support member i1s generated

by relative motion between the support member and the object.

[0164] In accordance with one or more aspects of the
present disclosure contact between the support member and the
cbject that effects movement of the support surface
substantially freely 1is generated through palletizing motion

cf the robot moving the tool.

[0165] In accordance with one or more aspects of the
present disclosure the object is the product or a different
product disposed at least at one of a product pick station,
that holds the product for picking by the tool, and a portion

cf a palletizer cell.

[01l66] In accordance with one or more aspects of the
rresent disclosure the object is a structure from at least one

of a structure of a product pick station, that holds the
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product for picking by the tool, a structure of a palletizer
cell, and a structure seated on at least part of the

palletizer cell.

[0167] In accordance with one or more aspects of the
present disclosure the compliance direction is oriented

substantially against the actuation direction.

[0168] In accordance with one or more aspects of the
present disclosure the support surface i1s planar and defines a
predetermined reference plane in the predetermined reference

orientation.

[0169] In accordance with o©one or more aspects of the
rresent disclosure the compliant coupling has a movably
released configuration so that the support member is movable
substantially freely relative to the frame 1in at least the
compliance direction with the gripping assembly in a condition
cother than c¢lamped wherein the product 1is gripped by the

support surface and the grip press.

[0170] In accordance with one or more aspects of the

present disclosure the tool further comprises:

[0171] a pusher assembly including a pusher that is mounted
to the frame for longitudinal movement along the support

member; and

[0172] a pusher actuator that has position compliance.

[0173] In accordance with one or more aspects of the
present disclosure the compliant coupling has a pivot disposed

between the support member and the frame that defines the
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motion release of the compliant coupling so that the support
member 1s movable relative to the frame in the compliance

direction.

[0174] In accordance with one or more aspects of the
present disclosure the support assembly has a support base
dependent from the frame and the support member is dependent
and projects from the support base and is connected to the

frame by the support base.

[0175] In accordance with one or more aspects of the
present disclosure the support member is removably Jjoined to
support base with a sliding Jjoint configured so that the
support member and support base slide relative to each other
and the support member is joined and dis-Jjoined to the support
base by relative sliding between the support member and the

support base.

[0176] In accordance with one or more aspects of the
present disclosure the support member is removably Jjoined to
the support base by a slot Jjoint that defines a guideway
interface between the support base and the support member so
that the support base and the support member slide relative to
cach other effecting coupling and decoupling of the support

member and the support base to each other.

[0177] In accordance with o©ne o©or more aspects of the
present disclosure the guideway interface has a reference
datum disposed so as to define the predetermined reference
crientation of the support surface substantially coincident

with joining of the support member and the support base.
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[0178] In accordance with one or more aspects of the
present disclosure the guideway interface defines a running
clearance between the support member and the support base so
the support member and the support base slide substantially

free relative to each other in coupling and decoupling.

[0179] In accordance with one or more aspects of the
present disclosure the guideway interface has an orientation
in a direction athwart the compliance direction with the
compliant coupling fixing the support surface in the
rredetermined reference orientation, and the compliant
coupling has a pivot to reorient the guideway interface down

at least in part.

[0180] In accordance with one or more aspects of the
present disclosure, the tool further comprises a wedge coupled
to the frame, the wedge is configured to couple the frame to a
robot arm of the robot so that the tool has a predetermined
angle, set by the wedge, relative to a mounting surface of an

end of arm tool mount of the robot arm.

[0181] In accordance with one or more aspects of the
present disclosure the support member has a tapered product
support surface, where an angle of the tapered product support
surface substantially corresponds to the predetermined angle

set by the wedge.

[0182] In accordance with one or more aspects of the
present disclosure, the angle of the tapered product support
surface and the predetermined angle set by the wedge are

substantially the same.
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[0183] In accordance with one or more aspects of the

present disclosure a palletizing robot for palletizing mixed

load products is provided. The palletizing robot comprises:
[0184] a base;
[0185] a robot arm movably couplcd to thce basc, thc robot

arm having a tool coupling; and

[0186] a palletizing tool including:

[0187] a frame for mounting the palletizing tool to the

tool coupling of the robot arm;

[0188] a support assembly movably coupled to the frame, the
support assembly having a support member forming a support
surface disposed in a predetermined reference orientation so
as to support thereon a product seated on the support surface;

and

L0189 a gripping assembly mounted to the frame with an
actuator and a grip press operably coupled to the actuator so
as to move the grip press relative to the frame in an
actuation direction opposite the support surface so as to
clamp the product between the support surface in the

predetermined reference orientation and the grip press;

[0190] wherein the support assembly coupling to the frame
has a configuration fixing the support member relative to the
frame in the actuation direction with the support surface in
the predetermined reference orientation and that 1is movably
released in at least another direction so that the support

member i1s movable relative to the frame so that the support
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surface moves substantially freely away from the predetermined

reference orientation.

[0191] In accordance with one or more aspects of the
present disclosure at least the another direction i1s a
released direction, wherein the support surface moves
substantially freely in the released direction by contact of
an object against the support member in a contact direction
aligned at least in part with the released direction, which
contact of the object against the support member is generated

by relative motion between the support member and the object.

[0192] In accordance with one or more aspects of the
present disclosure contact between the support member and the
cbject that effects movement of the support surface
substantially freely 1is gJgenerated through palletizing motion

cf the robot arm moving the tool.

[0193] In accordance with one or more aspects of the
present disclosure the object is the product or a different
product disposed at least at one of a product pick station,
that holds the product for picking by the tool, and a portion

cf a palletizer cell.

[0194] In accordance with one or more aspects of the
present disclosure the object i1is a structure from at least one
cf a structure of a product pick station, that holds the
product for picking by the tool, a structure of a palletizer
cell, and a structure seated on at least part of the

palletizer cell.
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[0195] In accordance with one or more aspects of the
present disclosure the another direction is oriented

substantially against the actuation direction.

[0196] In accordance with one or more aspects of the
present disclosure the support surface is planar and defines a
predetermined reference plane in the predetermined reference

orientation.

[0197] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a movably
released configuration so that the support member i1s movable
substantially freely relative to the frame in at least the
another direction with the gripping assembly in a condition
cther than c¢lamped wherein the product 1s gripped by the

support surface and the grip press.

[0198] In accordance with one or more aspects of the
present disclosure the gripping assembly has a position
compliance device disposed so that the grip press actuation to
clamp the product between the support surface and the grip
press 1s compliant to a displaced position of the support

surface away from the predetermined reference orientation.

[0199] In accordance with one or more aspects of the
present disclosure the position compliance device 1s a torque

limiting device.

[0200] In accordance with one or more aspects of the

present disclosure the palletizing tool further comprises:
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[0201] a pusher assembly including a pusher that is mounted
to the frame for longitudinal movement along the support

member; and

[0202] a pusher actuator that has position compliance.

[0203] In accordance with onc or morce aspccts of the
present disclosure the support assembly coupling has a pivot
disposed between the support member and the frame that defines
the motion release of the support assembly coupling so that
the support member is movable relative to the frame in the

another direction.

[0204] In accordance with o©one or more aspects of the
present disclosure the support assembly has a support Dbase
dependent from the frame and the support member is dependent
and projects from the support base and is connected to the

frame by the support base.

[0205] In accordance with one o©or more aspects of the
present disclosure the support member is removably Jjoined to
support base with a sliding Jjoint configured so that the
support member and support base slide relative to each other
and the support member is joined and dis-joined to the support
base by relative sliding between the support member and the

support base.

[0206] In accordance with one or more aspects of the
present disclosure the support member is removably joined to
the support base by a slot Jjoint that defines a guideway
interface between the support base and the support member so

that the support base and the support member slide relative to
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each other effecting coupling and decoupling of the support

member and the support base to each other.

[0207] In accordance with one or more aspects of the
present disclosure the guideway interface has a reference
datum disposed so as to define the predetermined reference
orientation of the support surface substantially coincident

with joining of the support member and the support base.

[0208] In accordance with one or more aspects of the
present disclosure the guideway interface defines a running
clearance between the support member and the support base so
the support member and the support base slide substantially

free relative to each other in coupling and decoupling.

[0209] In accordance with one or more aspects of the
present disclosure the guideway interface has an orientation
in a direction athwart the released direction with the support
assembly coupling fixing the support surface in the
predetermined reference orientation, and the support assembly
coupling has a pivot to reorient the guideway interface down

at least in part.

[0210] In accordance with one or more aspects of the
present disclosure method for palletizing mixed load products

is provided. The method comprises:

[0211] providing a tool having a frame for mounting the
tool to a robot, a support assembly movably coupled to the
frame, and a gripping assembly mounted to the frame with an

actuator and a grip press operably coupled to the actuator;
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[0212] supporting a product on a support member of the
support assembly, the support member forming a support surface
disposed in a predetermined reference orientation so as to

support thereon the product seated on the support surface; and

[0213] moving the grip press relative to the frame in an
actuation direction opposite the support surface so as to
clamp the product between the support surface in the

predetermined reference orientation and the grip press;

[0214] wherein the support assembly coupling to the frame
has a configuration fixing the support member relative to the
frame in the actuation direction with the support surface in
the predetermined reference orientation and that 1is movably
released in at least another direction so that the support
member 1s movable relative to the frame so that the support
surface moves substantially freely away from the predetermined

reference orientation.

[0215] In accordance with one or more aspects of the
present disclosure at least the another direction 1is a
released direction, wherein the support surface moves
substantially freely in the released direction by contact of
an object against the support member in a contact direction
aligned at 1least in part with the released direction, which
contact of the object against the support member 1s generated

by rclative motion between the support member and the objcct.

[0216] In accordance with one or more aspects of the
present disclosure contact between the support member and the

cbiject that effects movement of the support surface
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substantially freely 1is generated through palletizing motion

cf the robot moving the tool.

[0217] In accordance with one or more aspects of the
present disclosure the object is the prcduct or a different
product disposed at least at one of a product pick station,
that holds the product for picking by the tool, and a portion

of a palletizer cell.

[0218] In accordance with one or more aspects of the
rresent disclosure the object is a structure from at least one
cof a structure of a product pick station, that holds the
product for picking by the tool, a structure of a palletizer
cell, and a structure seated on at least part of the

palletizer cell.

[0219] In accordance with one or more aspects of the
present disclosure the another direction is oriented

substantially against the actuation direction.

[0220] In accordance with one or more aspects of the
present disclosure the support surface is planar and defines a
predetermined reference plane in the predetermined reference

crientation.

[0221] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a movably
released configuration so that the support member 1is movable
substantially freely relative to the frame in at least the
another direction with the gripping assembly in a condition
cther than clamped wherein the product is gripped by the

support surface and the grip press.
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[0222] In accordance with one or more aspects of the
present disclosure the gripping assembly has a position
compliance device disposed so that the grip press actuation to
clamp the product between the suppcrt surface and the grip
press 1is compliant to a displaced position of the support

surface away from the predetermined reference orientation.

[0223] In accordance with one or more aspects of the
present disclosure the position compliance device 1is a torgue

limiting device.

[0224] In accordance with one or more aspects of the
present disclosure the method further comprises pushing the
product in a longitudinal movement along the support member
with a pusher assembly including a pusher that i1s mounted to
the frame for longitudinal movement along the support member,
the pusher being driven by a pusher actuator that has position

compliance.

[0225] In accordance with one or more aspects of the
present disclosure the support assembly coupling has a pivot
disposed between the support member and the frame that defines
the motion release of the support assembly coupling so that
the support member is movable relative to the frame in the

another direction.

[0226] In accordance with o©ne o©or more aspects of the
present disclosure the support assembly has a support Dbase
dependent from the frame and the support member i1s dependent
and projects from the support base and is connected to the

frame by the support base.
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[0227] In accordance with one or more aspects of the
present disclosure the method further comprises one or more of
joining and dis—-joining the support member to the support
kbase, wherein the support member 1is removably Joined to
support base with a sliding Joint configured so that the
support member and support base slide relative to each other
and the support member is joined and dis-Jjoined to the support
base by relative sliding between the support member and the

support base.

[0228] In accordance with one or more aspects of the
present disclosure the support member is removably joined to
the support base by a slot Joint that defines a guideway
interface between the support base and the support member so
that the support base and the support member slide relative to
each other effecting coupling and decoupling of the support

member and the support base to each other.

[0229] In accordance with one or more aspects of the
present disclosure the method further comprises defining the
predetermined reference orientation c¢f the support surface,
with a reference datum of the guideway interface,
substantially coincident with Joining of the support member

and the support base.

[0230] In accordance with one or more aspects of the
prcscent disclosurce the guideway intcrfacce defincs a running
clearance between the support member and the support base so
the support member and the support base slide substantially

free relative to each other in coupling and decoupling.
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[0231] In accordance with one or more aspects of the
present disclosure the guideway interface has an orientation
in a direction athwart the released direction with the support
assembly coupling fixing the support surface in the
predetermined reference orientation, and the support assembly
coupling has a pivot to reorient the guideway interface down

at least in part.

[0232] In accordance with one or more aspects of the
present disclosure a tool for palletizing mixed load products

is provided. The tool comprises:

[0233] a frame for mounting the tool to a robot 1in a
palletizer configured so as to move the tool along a path in

the palletizer; and

[0234] a support assembly movably coupled to the frame, the
support assembly having a frangible support member forming a
support surface disposed in a predetermined reference position
and orientation so as to support thereon a product seated on

the support surface;

[0235] wherein the frangible support member has an un-
ductile material characterized in that the frangible support
member is substantially undeformed and the support surface is
substantially invariant, from the predetermined reference
position and orientation, from strikes of the support assembly
against an obstruction with the tool moved along the path by
the robot, and in that the frangible support member remains
substantially undeformed, the support surface substantially
invariant, onto fracture of the frangibkle support member on

impact with the obstruction that causes the fracture, which
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fracture disrupts the support surface from the predetermined
reference position and orientation, so as to provide the
support surface with but two states, a substantially invariant

state and a disrupted state.

[0236] In accordance with one or more aspects of the
present disclosure the frangible suppcrt member fracture
provides a predetermined indication to an operator of

disruption of the support surface.

[0237] In accordance with one or more aspects of the
present disclosure the predetermined indication has
predetermined indicia that identifies to the operator the
disruption rendered the support surface unsuitable for seating

a product thereon.

[0238] In accordance with one or more aspects of the
present disclosure the frangible support member is configured
so as to define predetermined indicia that provides the
predetermined indication, wherein the predetermined indicia is

intrinsic to fracture of the frangible support member.

[0239] In accordance with one or more aspects of the
present disclosure the frangible support member is coupled to
the frame with a coupling that is compliant at least in part,
and the frangible support member is configured so as to
fracture on impact with the obstruction exceeding compliance

cf the coupling.

[0240] In accordance with one or more aspects of the
present disclosure the frangible support member is configured
so as to be substantially undeformed and the support surface

substantially invariant, from the predetermined reference
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rosition and orientation, from strikes of the support assembly
and the obstruction with the tool moved along the path by the
robot commensurate with the predetermined duty cycle of the

robot palletizing pallets at the palletizer.

[0241] In accordance with one or more aspects of the
present disclosure the frangible support member is configured
so as to be substantially undeformed and the support surface
substantially invariant, frocm the predetermined reference
position and orientation, from impacts of the support assembly
and the obstruction with the tool moved along the path by the
robot commensurate with optimum trajectory motion of the tool
along the path between different product pick and place

rositions of the tool in the palletizer.

[0242] In accordance with one or more aspects of the
present disclosure, the tool further comprises a wedge coupled
to the frame, the wedge is configured to couple the frame to a
robot arm of the robot so that the tool has a predetermined
angle, set by the wedge, relative to a mounting surface of an

end of arm tool mount of the robot arm.

[0243] In accordance with one or more aspects of the
present disclosure the support member has a tapered product
support surface, where an angle of the tapered product support
surface substantially corresponds to the predetermined angle

sct by thc wcdgce.

[0244] In accordance with one or more aspects of the
present disclosure, the angle of the tapered product support
surface and the predetermined angle set by the wedge are

substantially the same.
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[0245] In accordance with one or more aspects of the
present disclosure a tool for palletizing mixed load products

is provided. The tool comprises:

[0246] a frame for mounting the tool to a zrobot 1in a
palletizer configured so as to move the tool along a path in

the palletizer; and

[0247] a support assembly movably coupled to the frame, the
support assembly having a support member forming a support
surface disposed 1n a predetermined reference position and
corientation so as to support thereon a product seated on the

support surface;

[0248] wherein the support surface has a proximal end and a
distal end disposed so that the product is seated between the
proximal end and the distal end, and the support member is
coupled to the frame at the proximal end, and wherein the
support surface 1is has an anhedral angle, relative to a
predetermined level plane, between the proximal and distal end
so that the product seated on the support surface is disposed
at the anhedral angle at discharge from the tool from the

distal end of the support surface.

[0249] In accordance with one or more aspects of the
present disclosure the support member has a reference surface
that provides a positioning reference for the tool moved by
the robot to a place position in the palletizer from which
place position the product is discharged from the tool and
rplaced on a pallet in the palletizer, the reference surface

being disposed opposite to the support surface.
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[0250] In accordance with one or more aspects of the
present disclosure the reference surface is positioned
substantially aligned with the predetermined level plane with
the tool at the place position.

[0251] In accordance with one or more aspects of the
present disclosure the support surface inclined by the
anhedral angle towards the predetermined level plane at the
distal end enables positioning of the tool at the place
position so that the product, discharged from the support
surface at the distal end to effect placement of the product
cnto a pallet, has a minimum drop from the support surface to

the pallet.

[0252] In accordance with one or more aspects of the

present disclosure the anhedral angle is about 3°.

[0253] In accordance with one or more aspects of the
present disclosure, the tool further comprises a wedge coupled
to the frame, the wedge is configured to couple the frame to a
robot arm of the robot sc¢ that the tool has a predetermined
angle, set by the wedge, relative to a mounting surface of an
end of arm tool mount of the robot arm, and the predetermined

angle is substantially the same as the anhedral angle.

[0254] In accordance with one or more aspects of the
present disclosure, a method for palletizing mixed load

products 1is provided. The method comprises:

[0255] providing a tool having:
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[0256] a frame for mounting the tool to a robot 1in a
palletizer configured so as to move the tool along a path in

the palletizer, and

[0257] a support assembly movably coupled to the frame, the
support assembly having a frangible support member forming a
support surface disposed in a predetermined reference position
and orientation so as to support thereon a product seated on

the support surface,

[0258] where the frangible support member has an un-ductile
material characterized in that the frangible support member is
substantially undeformed and the support surface is
substantially invariant, from the predetermined reference
position and orientation, from strikes of the support assembly
against an obstruction with the tool moved along the path by
the robot, and in that the frangible support member remains
substantially undeformed, the support surface substantially
invariant, onto fracture of the frangible support member on
impact with the obstruction that causes the fracture, which
fracture disrupts the support surface from the predetermined
reference position and orientation, so as to provide the
support surface with but two states, a substantially invariant

state and a disrupted state;

[0259] providing, with the frangible support member and on
impact with the obstruction, a prcdctcrmined indication to an
cperator of fracture of the frangible support member and the

disruption of the support surface; and
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[0260] replacing the fractured support member with another
frangible support member with a fast swapping of the fractured

support member with the another frangible support member.

[0261] In accordance with one or more aspects of the
present disclosure the fast swapping of the fractured support
member with the another frangible support member is a
substantially tool-less removal c¢f the fractured support
member from the support assembly and a substantially tool-less

insertion of the another support member into the support

assembly.
[0262] In accordance with one or more aspects of the
present disclosure the predetermined indication has

predetermined indicia that identifies to the operator the
disruption rendered the support surface unsuitable for seating

a product thereon.

[0263] In accordance with one or more aspects of the
present disclosure the frangible support member defines
predetermined indicia that provides the predetermined
indication, wherein the predetermined indicia 1is 4intrinsic to

fracture of the frangible support member.

[0264] In accordance with one or more aspects of the
present disclosure the frangible support member is coupled to
the frame with a coupling that is compliant at least in part,
and the frangible support member fractures on impact with the

ocbstruction exceeding compliance of the coupling.

[0265] In accordance with one or more aspects of the
present disclosure the frangible support member is configured

so as to be substantially undeformed and the support surface

81

CA 03221867 2023-12-7



CA 03221867 2023-12-7

WO 2022/256929 PCT/CA2022/050918

substantially invariant, from the predetermined reference
position and orientation, from strikes of the support assembly
and the obstruction with the tool moved along the path by the
robot commensurate with the predetermined duty cycle of the

robot palletizing pallets at the palletizer.

[0266] In accordance with one or more aspects of the
present disclosure the frangible support member is configured
so as to be substantially undeformed and the support surface
substantially invariant, frcm the predetermined reference
rposition and orientation, from impacts of the support assembly
and the obstruction with the tool moved along the path by the
robot commensurate with optimum trajectory motion of the tool
along the path between different product pick and place

positions of the tool in the palletizer.

[0267] It should be understcod that the foregoing
description is only illustrative of the aspects of the present
disclosure. Various alternatives and modifications can be
devised by those skilled in the art without departing from the
aspects of the present disclosure. Accordingly, the aspects
cf the present disclosure are intended to embrace all such
alternatives, modifications and wvariances that fall within the
scope of any claims appended hereto. Further, the mere fact
that different features are recited 1in mutually different
dependent or independent claims does not indicate that a
combination of these features cannot be advantageously used,
such a combination remaining within the scope of the aspects

cf the present disclosure.

[0268] What is claimed is:
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CLAIMS

1. A tool for palletizing mixed load products, the tool

comprising:

a frame for mounting the tool to a robot;

a support assembly movably coupled to the frame, the
support assembly having a support member forming a
support surface disposed in a predetermined reference
orientation so as to support thereon a product seated on

the support surface; and

a gripping assembly mounted to the frame with an actuator
and a grip press operably coupled to the actuator so as
to move the grip press relative to the frame in an
actuation direction opposite the support surface so as to
clamp the product between the support surface in the

predetermined reference orientation and the grip press;

wherein the support assembly coupling to the frame has a
configuration fixing the support member relative to the
frame in the actuation direction with the support surface
in the predetermined reference orientation and that 1is
movably released 1in at least another direction so that
the support member is movable relative to the frame so
that the support surface moves substantially freely away

from the predetermined reference orientation.

2. The tool of claim 1, wherein at least the ancther direction
is a released direction, wherein the support surface moves
substantially freely in the released direction by contact of

an object against the support member in a contact direction
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aligned at 1least in part with the released direction, which
contact of the object against the support member is generated

by relative motion between the support member and the object.

3. The tocl of claim 2, wherein contact between the support
member and the object that effects movement of the support
surface substantially freely is generated through palletizing

motion of the robot moving the tool.

4. The tool of claim 2, wherein the object is the product or a
different product disposed at least at one of a product pick
station, that holds the product for picking by the tool, and a

portion of a palletizer cell.

5. The tool of claim 2, wherein the object is a structure from
at least one of a structure of a product pick station, that
holds the product for picking by the tool, a structure of a
palletizer cell, and a structure seated on at least part of

the palletizer cell.

6. The tool of c¢laim 1, wherein the another direction is

oriented substantially against the actuation direction.

7. The tool of claim 1, wherein the support surface is planar
and defines a predetermined reference plane in the

predetermined reference orientation.

8. The tool of claim 1, wherein the support assembly coupling
has a movably released configuration so that the support
member is movable substantially freely relative to the frame
in at least the another direction with the gripping assembly
in a condition other than clamped wherein the product 1is

gripped by the support surface and the grip press.
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9. The tool of claim 1, wherein the gripping assembly has a
position compliance device disposed so that the grip press
actuation to clamp the product between the support surface and

the grip press 1is compliant to a displaced position of the

support surface away from the predetermined reference
crientation.
10. The tool of claim &, wherein the position cocmpliance

device is a torgque limiting device.

11. The tool of claim 1, further comprising:

a pusher assembly including a pusher that is mounted to
the frame for longitudinal movement along the support

member; and

a pusher actuator that has position compliance.

12. The tool of claim 1, wherein the support assembly coupling
has a pivot disposed between the support member and the frame
that defines the motion release of the support assembly
coupling so that the support member is movable relative to the

frame in the another direction.

13. The tool of claim 1, wherein the support assembly has a
support base dependent from the frame and the support member
is dependent and projects from the support base and is

connected to the frame by the support base.

14. The tool of c¢laim 13, wherein the support member is
removably Jjoined to the support base with a sliding Jjoint
configured so that the support member and support base slide

relative to each other and the support member is Jjoined and
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dis-joined to the support base by relative sliding between the

support member and the support base.

15. The tool of claim 14, wherein the support member is
removably Jjoined to the support base by a slot joint that
defines a guideway interface between the support base and the
support member so that the support base and the support member
slide relative to each other effecting coupling and decoupling

cof the support member and the support base to each other.

16. The tool of claim 15, wherein the guideway interface has a
reference datum disposed so as to define the predetermined
reference orientation of the support surface substantially
coincident with joining of the support member and the support

base.

17. The tool of c¢claim 15, wherein the guideway interface
defines a running clearance between the support member and the
support base so the support member and the support base slide
substantially free relative to each other 1in coupling and

decoupling.

18. The tool of claim 15, wherein the guideway interface has
an orientation in a direction athwart the released direction
with the support assembly coupling fixing the support surface
in the predetermined reference orientation, and the support
assembly coupling has a pivot to reorient the guideway

interface down at least in part.

19. A tool for palletizing mixed load products, the tool

comprising:

a frame for mounting the tool to a robot;
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a support assembly movably coupled to the frame, the
support assembly having a support member forming a
support surface disposed in a predetermined reference
orientation so as to support thereon a product seated on

the support surface; and

a gripping assembly mounted to the frame with an actuator
and a grip press operabkly coupled to the actuator so as
to move the grip press relative to the frame 1n an
actuation direction opposite the support surface so as to
grip the product between the support surface 1in the

predetermined reference orientation and the grip press;

wherein the support assembly coupling to the frame is
positionally deterministic so that the support assembly
coupling deterministically positions the support member
in the actuation direction 1in a predetermined position
with the support surface at the predetermined reference
orientation relative to the frame, and that 1is movably
released 1in a released direction different than the
actuation direction so that the support member 1is
substantially freely movable relative to the frame in the

released direction away from the predetermined position.

20. The tcol of claim 19, wherein the support surface moves
substantially freely in the released direction by contact of
an objcct against the support mcember in a contact dircction
aligned at 1least in part with the released direction, which
contact of the object against the support member is generated

by relative motion between the support member and the object.
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21. The tool of claim 20, wherein contact between the support
member and the object that effects movement of the support
surface substantially freely is generated through palletizing

motion of the robot moving the tool.

22. The tool of claim 20, wherein the object is the product or
a different product disposed at least at cne of a product pick
station, that holds the product for picking by the tool, and a

portion of a palletizer cell.

23. The tool of claim 20, wherein the object i1s a structure
from at least one of a structure of a product pick station,
that holds the product for picking by the tool, a structure of
a palletizer cell, and a structure seated on at least part of

the palletizer cell.

24, The tool of c¢laim 19, wherein the released direction is

coriented substantially against the actuation direction.

25. The tool of c¢laim 19, wherein the support surface 1is
planar and defines a predetermined reference plane 1in the

rpredetermined reference orientation.

26. The tool of c¢laim 19, wherein the support assembly
coupling has a movably released configuration so that the
support member is movable substantially freely relative to the
frame in at least the released direction with the gripping
assembly in a condition other than clamped wherein the product

is gripped by the support surface and the grip press.

27. The tool of c¢claim 19, wherein the gripping assembly has a
position compliance device disposed so that the grip press

actuation to clamp the product between the support surface and
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the grip press is compliant to a displaced position of the

support surface away from the predetermined reference
crientation.
28. The tool of claim 27, wherein the position compliance

device i1s a torque limiting device.

29. The tool of claim 19, further comprising:

a pusher assembly including a pusher that is mounted to
the frame for longitudinal movement along the support

member; and

a pusher actuator that has position compliance.

30. The tool of ¢laim 19, wherein the support assembly
coupling has a pivot disposed between the support member and
the frame that defines the mction release of the support
assembly coupling so that the support member 1is movable

relative to the frame in the released direction.

31. The tool of claim 19, wherein the support assembly has a
support base dependent from the frame and the support member
is dependent and projects from the support base and 1is

connected to the frame by the support base.

32. The tool of claim 31, wherein the support member is
removably Joined to support base with a sliding Jjoint
configured so that the support member and support base slide
relative to each other and the support member is Jjoined and
dis—-joined to the support base by relative sliding between the

support member and the support base.
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33. The tool of c¢laim 32, wherein the support member is
removably Jjoined to the support base by a slot Jjoint that
defines a guideway interface between the support base and the
support member so that the support base and the support member
slide relative to each other effecting coupling and decoupling

cf the support member and the support base to each other.

34. The tool of claim 33, wherein the guideway interface has a
reference datum disposed so as to define the predetermined
reference orientation of the support surface substantially
coincident with joining of the support member and the support

base.

35. The tool of c¢laim 33, wherein the guideway interface
defines a running clearance between the support member and the
support base so the support member and the support base slide
substantially free relative to each other 1in coupling and

decoupling.

36. The tool of claim 33, wherein the guideway interface has
an orientation in a direction athwart the released direction
with the support assembly coupling fixing the support surface
in the predetermined reference orientation, and the support
assembly coupling has a pivot to recrient the guideway

interface down at least in part.

37. A tool for palletizing mixed load products, the tool

comprising:

a frame for mounting the tool to a robot;

a support assembly having a support member movably

coupled to the frame via a compliant coupling, and
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forming a support surface disposed in a predetermined
reference orientation so as to support thereon a product

seated on the support surface; and

a gripping assembly mounted to the frame with an actuator
and a grip press operably coupled to the actuator so as
to move the grip press relative to the frame in an
actuation direction opposite the support surface so as to
grip the product between the support surface in the

predetermined reference orientation and the grip press;

wherein the compliant coupling is compliant in a
compliance direction so that the support member is
compliant and movable relative to the frame in the
compliance direction, and wherein the compliant coupling
is positionally deterministic so as to deterministically
position the support member in the actuation direction in
a predetermined position with the support surface at the
predetermined reference orientation relative to the

frame.

38. The tool of claim 37, wherein the compliance direction is
different than the actuation direction, and the compliant
coupling 1is configured so that compliance of the support
member moves the support surface relative to the frame in the

compliance direction away from the predetermined position.

39. The tcol of claim 37, wherein the compliant coupling is
configured so that the support member is compliant independent
cf whether the tocol is in a dgripping condition, wherein the
product is gripped by the support surface and the grip press,

and an ungripping condition.
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40. The tool of claim 37, wherein the gripping assembly has a
position conformance device disposed so that the grip press
actuation so as to grip the product between the support
surface and the grip press 1s conformal to a displaced
position of the support surface away from the predetermined

reference orientation.

41. The tool of claim 40, wherein the position conformance

device is a torgque limiting device.

42. The tool of claim 37, wherein at least the compliance
direction is a released direction, wherein the support surface
moves substantially freely in the <released direction by
contact of an object against the support member in a contact
direction aligned at least 1in part with the released
direction, which contact of the object against the support
member 1s generated by relative motion between the support

member and the object.

43. The tool of claim 42, wherein contact between the support
member and the object that effects movement of the support
surface substantially freely 1is generated through palletizing

motion of the robot moving the tool.

44. The tool of claim 42, wherein the object is the product or
a different product disposed at least at one of a product pick
station, that holds the product for picking by the tool, and a

portion of a palletizer cell.

45, The tool of claim 42, wherein the object is a structure
from at least one of a structure of a product pick station,

that holds the product for picking by the tool, a structure of
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a palletizer cell, and a structure seated on at least part of

the palletizer cell.

46. The tool of claim 37, wherein the compliance direction is

criented substantially against the actuation direction.

47. The tool of c¢laim 37, whecrcin the support surfacc is
planar and defines a predetermined reference plane 1in the

predetermined reference orientation.

48. The tool of claim 37, wherein the compliant coupling has a
movably released configuration so that the support member is
movable substantially freely relative to the frame in at least
the compliance direction with the gripping assembly in a
condition other than clamped wherein the product 1is gripped by

the support surface and the grip press.

49. The tool of claim 37, further comprising:

a pusher assembly including a pusher that is mounted to
the frame for longitudinal movement alcng the support

member; and

a pusher actuator that has position compliance.

50. The tool of claim 37, wherein the compliant coupling has a
pivot disposed between the support member and the frame that
defines the motion release of the compliant coupling so that
the support member is movable relative to the frame in the

compliance direction.

51. The tool of claim 37, wherein the support assembly has a

support base dependent from the frame and the support member
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is dependent and projects from the support base and 1is

connected to the frame by the support base.

52. The tool of claim 51, wherein the support member 1is
removably Jjoined to support base with a sliding Jjoint
configured so that the support member and support base slide
relative to each other and the support member is Jjoined and
dis-joined to the support base by relative sliding between the

support member and the support base.

53. The tool of c¢laim 52, wherein the support member is
removably Jjoined to the support base by a slot joint that
defines a guideway interface between the support base and the
support member so that the support base and the support member
slide relative to each other effecting coupling and decoupling

cf the support member and the support base to each other.

54. The tool of claim 53, wherein the guideway interface has a
reference datum disposed so as to define the predetermined
reference orientation of the support surface substantially
coincident with joining of the support member and the support

kase.

55. The tool of c¢laim 53, wherein the guideway interface
defines a running clearance between the support member and the
support base so the support member and the support base slide
substantially free relative to each other 1in coupling and

decoupling.

56. The tool of claim 53, wherein the guideway interface has
an orientation in a direction athwart the compliance direction
with the compliant coupling fixing the support surface in the

predetermined reference orientation, and the compliant
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coupling has a pivot to reorient the guideway interface down

at least in part.

57. A  palletizing robot for palletizing mixed load

products, the palletizing robot comprising:

a robot arm movably coupled to the base, the robot arm

having a tool coupling; and

a palletizing tool including:

a frame for mounting the palletizing tool to the

tool coupling of the robot arm;

a support assembly movably coupled to the frame, the
support assembly having a support member forming a
support surface disposed in a predetermined
reference orientation so as to support thereon a

product seated on the support surtface; and

a gripping assembly mounted to the frame with an
actuator and a grip press operably coupled to the
actuator so as to move the grip press relative to
the frame in an actuation direction cpposite the
support surface so as to clamp the product between
the support surface in the predetermined reference

orientation and the grip press;

wherein the support assembly coupling to the frame
has a configuration fixing the support member
relative to the frame in the actuaticn direction

with the support surface in the ©predetermined
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reference orientation and that is movably released
in at least another direction so that the support
member is movable relative to the frame so that the
support surface moves substantially freely away from

the predetermined reference orientation.

58. The palletizing robot of claim 57, wherein at least the
another direction is a released direction, wherein the support
surface moves substantially freely 1in the released direction
by contact of an object against the support member 1in a
contact direction aligned at least in part with the released
direction, which contact of the object against the support
member 1s generated by relative motion between the support

member and the object.

59. The palletizing robot of claim 58, wherein contact between
the support member and the object that effects movement of the
support surface substantially freely 1s generated through

palletizing motion of the robot arm moving the tool.

60. The palletizing robot of claim 58, wherein the object is
the product or a different product disposed at least at one of
a product pick station, that holds the product for picking by

the tool, and a portion of a palletizer cell.

61l. The palletizing robot of claim 58, wherein the object is a
structure from at least one of a structure of a prcduct pick
station, that holds the product for picking by the tool, a
structure of a palletizer cell, and a structure seated on at

least part of the palletizer cell.
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62. The palletizing robot of c¢laim 57, wherein the another
direction 1is oriented substantially against the actuation

direction.

63. The palletizing robot of claim 57, wherein the support
surface 1s planar and defines a predetermined reference plane

in the predetermined reference orientation.

64. The palletizing robot of claim 57, wherein the support
assembly coupling has a movably released configuration so that
the support member is movable substantially freely relative to
the frame in at least the another direction with the gripping
assembly in a condition other than clamped wherein the product

is gripped by the support surface and the grip press.

65. The palletizing robot of c¢laim 57, wherein the gripping
assembly has a position compliance device disposed so that the
grip press actuation to clamp the product between the support
surface and the grip press 1is compliant to a displaced
position of the support surface away from the predetermined

reference orientation.

66. The palletizing robot of claim 65, wherein the position

compliance device is a torque limiting device.

67. The palletizing robot of claim 57, wherein the palletizing

tool further comprises:

a pusher assembly including a pusher that is mounted to
the frame for longitudinal movement along the support

member; and

a pusher actuator that has position compliance.
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68. The palletizing robot of c¢laim 57, wherein the support
assembly coupling has a pivot disposed between the support
member and the frame that defines the motion release of the
support assembly coupling so that the support member 1is

movable relative to the frame in the another direction.

69. The palletizing robot of claim 57, wherein the support
assembly has a support base dependent from the frame and the
support member is dependent and projects from the support base

and 1s connected to the frame by the support base.

70. The palletizing robot of claim 69, wherein the support
member 1s removably Joined to support base with a sliding
joint configured so that the support member and support base
slide relative to each other and the support member is Jjoined
and dis-joined to the support base by relative sliding between

the support member and the support base.

71. The palletizing robot of c¢laim 70, wherein the support
member is removably joined to the support base by a slot joint
that defines a guideway interface between the support base and
the support member so that the support base and the support
member slide relative to each other effecting coupling and
decoupling of the support member and the support base to each

other.

72. The palletizing robot of claim 71, wherein the guideway
interface has a reference datum disposed so as to define the
predetermined reference orientation of the support surface
substantially coincident with Joining of the support member

and the support base.
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73. The palletizing robot of c¢laim 71, wherein the guideway
interface defines a running clearance between the support
member and the support base so the support member and the
support base slide substantially free relative to each other

in coupling and decoupling.

74. The palletizing robot of claim 71, wherein the guideway
interface has an orientation 1in a direction athwart the
released direction with the support assembly coupling fixing
the support surface in the predetermined reference
crientation, and the support assembly coupling has a pivot to

reorient the guideway interface down at least in part.

75. A method for palletizing mixed load products, the

method comprising:

providing a tool having a frame for mounting the tool to
a robot, a support assembly movably coupled to the frame,
and a gripping assembly mounted to the frame with an
actuator and a grip press operably coupled to the

actuator;

supporting a product on a support member of the support
assembly, the support member forming a support surface
disposed in a predetermined reference orientation so as
to support thereon the product seated on the support

surface; and

moving the grip press relative to the frame in an
actuation direction opposite the support surface so as to
clamp the product between the support surface in the

predetermined reference orientation and the grip press;
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wherein the support assembly coupling to the frame has a
configuration fixing the support member relative to the
frame in the actuation direction with the support surface
in the predetermined reference orientation and that 1is
movably released in at least another direction so that
the support member is movable relative to the frame so
that the support surface moves substantially freely away

from the predetermined reference orientation.

76. The method of c¢laim 75, wherein at least the another
direction is a released direction, wherein the support surface
moves substantially freely in the released direction by
contact of an object against the support member in a contact
direction aligned at least 1in part with the released
direction, which contact of the object against the support
member 1is generated by relative motion between the support

member and the object.

77. The method of claim 76, wherein contact between the
support member and the object that effects movement of the
support surface substantially freely 1s generated through

palletizing motion of the robot moving the tool.

78. The method of claim 76, wherein the object is the product
or a different product disposed at least at one of a product
pick station, that holds the product for picking by the tool,

and a portion of a pallctizcr ccll.

79. The method of claim 76, wherein the object is a structure
from at least one of a structure of a product pick station,

that holds the product for picking by the tool, a structure of
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a palletizer cell, and a structure seated on at least part of

the palletizer cell.

80. The method of c¢laim 75, wherein the another direction is

criented substantially against the actuation direction.

81l. Thce mecthod of c¢laim 75, whcrein the support surfacce is
planar and defines a predetermined reference plane 1in the

predetermined reference orientation.

82. The method of c¢laim 75, wherein the support assembly
coupling has a movably released configuration so that the
support member is movable substantially freely relative to the
frame 1in at least the another direction with the gripping
assembly in a condition other than clamped wherein the product

is gripped by the support surface and the grip press.

83. The method of claim 75, wherein the gripping assembly has
a position compliance device disposed so that the grip press
actuation to clamp the product between the support surface and
the grip press 1is compliant to a displaced position of the
support surface away from the predetermined reference

orientation.

84. The method of claim 83, wherein the position ccmpliance

device is a torque limiting device.

85. The method of ¢laim 75, further comprising pushing the
product in a longitudinal movement along the support member
with a pusher assembly including a pusher that is mounted to
the frame for longitudinal movement along the support member,
the pusher being driven by a pusher actuator that has position

compliance.
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86. The method of c¢laim 75, wherein the support assembly
coupling has a pivot disposed between the support member and
the frame that defines the motion release of the support
assembly coupling so that the support member 1is movable

relative to the frame in the another direction.

87. The method of claim 75, wherein the support assembly has a
support base dependent from the frame and the support member
is dependent and projects from the support base and is

connected to the frame by the support base.

88. The method of claim 87, further comprising one or more of
joining and dis-joining the support member to the support
base, wherein the support member 1s removably Joined to
support base with a sliding Jjoint configured so that the
support member and support base slide relative to each other
and the support member is Joined and dis-joined to the support
base by relative sliding between the support member and the

support base.

89. The method of claim 88, wherein the support member is
removably Jjoined to the support base by a slot Jjoint that
defines a guideway interface between the support base and the
support member so that the support base and the support member
slide relative to each other effecting coupling and decoupling

of the support member and the support base to each other.

90. The method of claim 89, Zfurther comprising defining the
predetermined reference orientation of the support surface,
with a reference datum of the guideway interface,
substantially coincident with Jjoining of the support member

and the support base.
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91. The method of c¢laim 89, wherein the guideway interface
defines a running clearance between the support member and the
support base so the support member and the support base slide
substantially free relative to each other 1n coupling and

decoupling.

92. The method of claim 89, wherein the guideway interface has
an orientation in a direction athwart the released direction
with the support assembly coupling fixing the support surface
in the predetermined reference orientation, and the support
assembly coupling has a pivot to <zreorient the guideway

interface down at least in part.

93. A tool for palletizing mixed load products, the tool

comprising:

a frame for mounting the tool to a robot in a palletizer
configured so as to move the tool along a path in the

palletizer; and

a support assembly movably coupled to the frame, the
support assembly having a frangible support member
forming a support surface disposed in a predetermined
reference position and orientation so as to support

thereon a product seated on the support surface;

wherein the frangible support member has an un—-ductile
material characterized 1n that the frangible support
member is substantially undeformed and the support
surface is substantially invariant, from the
predetermined reference position and orientation, from
strikes of the support assembly against an obstruction

with the tool moved along the path by the robot, and in
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that the frangible support member remains substantially
undeformed, the support surface substantially invariant,
onto fracture of the frangible support member on impact
with the obstruction that causes the fracture, which
fracture disrupts the support surface from the
predetermined reference position and orientation, so as
to provide the support surface with but two states, a

substantially invariant state and a disrupted state.

94. The tool of claim 93, wherein the frangible support member
fracture provides a predetermined indication to an operator of

disruption of the support surface.

95. The tool of claim 94, wherein the predetermined indication
has predetermined indicia that identifies to the operator the
disruption rendered the support surface unsuitable for seating

a product thereon.

96. The tool of claim 94, wherein the frangible support member
is configured so as to define predetermined indicia that
provides the predetermined indication, wherein the
predetermined indicia is intrinsic to fracture of the

frangible support member.

97. The tool of claim 93, wherein the frangible support member
is coupled to the frame with a coupling that is compliant at
least in part, and the frangible support member is configured
so as to fracture on impact with the obstruction exceeding

compliance of the coupling.

98. The tool of claim 93, wherein the frangible support member
is configured so as to be substantially undeformed and the

support surface substantially invariant, from the
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predetermined reference position and orientation, from strikes
cf the support assembly and the obstruction with the tool
moved along the path by the robot commensurate with the
predetermined duty cycle of the robot palletizing pallets at

the palletizer.

99. The tool of claim 93, wherein the frangible support member
is configured so as to be substantially undeformed and the
support surface substantially invariant, from the
predetermined reference position and orientation, from impacts
cf the support assembly and the obstruction with the tool
moved along the path by the robot commensurate with optimum
trajectory motion of the tool along the path between different
product pick and place positions of the tool in the

palletizer.

100. A tool for palletizing mixed load products, the tool

comprising:

a frame for mounting the tool to a robot in a palletizer
configured so as to move the tool along a path in the

palletizer; and

a support assembly movably coupled to the frame, the
support assembly having a support member forming a
support surface disposed in a predetermined reference
position and orientation so as to support thereon a

product seated on the support surface;

wherein the support surface has a proximal end and a
distal end disposed so that the product is seated between
the proximal end and the distal end, and the support

member is coupled to the frame at the proximal end, and
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wherein the support surface 1s has an anhedral angle,
relative to a predetermined level plane, between the
proximal and distal end so that the product seated on the
support surface 1s disposed at the anhedral angle at
discharge from the tool from the distal end of the

support surface.

101. The tool of claim 100, wherein the support member has a
reference surface that provides a positioning reference for
the tool moved by the zrobot to a place position in the
ralletizer from which place position the product is discharged
from the tool and placed on a pallet in the palletizer, the
reference surface being disposed opposite to the support

surface.

102. The tool of claim 101, wherein the reference surface is
positioned substantially aligned with the predetermined level

plane with the tool at the place position.

103. The tool of c¢laim 100, wherein the support surface
inclined by the anhedral angle towards the predetermined level
plane at the distal end enables positioning of the tool at the
place position so that the product, discharged from the
support surface at the distal end tc effect placement of the
product onto a pallet, has a minimum drop from the support

surface to the pallet.

104. The tool of claim 100, wherein the anhedral angle 1is
about 3°.

105. A method for palletizing mixed load products, the

method comprising:
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providing a tool having:

a frame for mounting the tool to a robot in a
palletizer configured so as to move the tool along a

path in the palletizer; and

a support asscmbly movably couplcd to thce framc, thc
support assembly having a frangible support member
forming a support surface disposed in a
predetermined reference position and orientaticn so
as tTo support thereon a product seated on the

support surface;

where the frangible support member has an un-ductile
material characterized in that the frangible support
member 1is substantially undeformed and the support
surface is substantially invariant, from the
predetermined reference position and orientation,
from strikes of the support assembly against an
obstruction with the tool moved along the path by
the robot, and in that the frangible support member
remains substantially undeformed, the support
surface substantially invariant, onto fracture of
the frangible support member on impact with the
obstruction that causes the fracture, which fracture
disrupts the support surface from the predetermined
rcference position and oricntation, so as to provide
the support surface with but two states, a

substantially invariant state and a disrupted state;

providing, with the frangible support member and on

impact with the obstruction, a predetermined indication
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to an operator of fracture of the frangible support

member and the disruption of the support surface; and

replacing the fractured support member with another
frangible support member with a fast swapping of the
fractured support member with the another frangible

support member.

106. The tool of claim 105, wherein the fast swapping of the
fractured support member with the another frangible support
member is a substantially tool-less removal of the fractured
support member from the support assembly and a substantially
tool-less insertion of the another support member into the

support assembly.

107. The tool of «c¢laim 106, wherein the predetermined
indication has predetermined indicia that identifies to the
ocperator the disruption rendered the support surface

unsuitable for seating a product thereon.

108. The tool of claim 106, wherein the frangible support
member defines predetermined indicia that provides the
predetermined indication, wherein the predetermined indicia is

intrinsic to fracture of the frangible support member.

109. The tool of <¢laim 105, wherein the frangible support
member is coupled to the frame with a coupling that 1is
compliant at least 1in part, and the frangible support member
fractures on impact with the obstruction exceeding compliance

of the coupling.

110. The tool of c¢laim 105, wherein the frangible support

member is configured so as to be substantially undeformed and
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the support surface substantially invariant, from the
predetermined reference position and orientation, from strikes
cf the support assembly and the obstruction with the tool
moved along the path bky the robot commensurate with the
predetermined duty cycle of the robot palletizing pallets at
the palletizer.

111. The tocl of c¢laim 105, wherein the frangible support
member is configured so as to be substantially undeformed and
the support surface substantially invariant, from the
rredetermined reference position and orientation, from impacts
cof the support assembly and the obstruction with the tool
moved along the path by the robot commensurate with optimum
trajectory motion of the tool along the path between different
product pick and place positions of the tool in the

palletizer.
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