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(57) Abrégé/Abstract:

A machine for forming a container from a blank of sheet material includes a frame, a mandrel assembly mounted to the frame, a
pre-folding assembly, and a transfer assembly. The mandrel assembly includes a first mandrel and a second mandrel. The first
mandrel has an external shape complimentary to an internal shape of at least a first portion of the container. The second mandrel is
positioned downstream from the first mandrel, and has an external shape complimentary to an internal shape of at least a second
portion of the container. The pre-folding assembly is configured to fold a first portion of the blank around the first mandrel to form a
partially formed container. The first portion of the blank corresponds to the first portion of the container. The transfer assembly is for
transferring the partially formed container from the first mandrel to the second mandrel.
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ABSTRACT OF THE DISCLOSURE

A machine for forming a container from a blank of sheet material includes a
frame, a mandrel assembly mounted to the frame, a pre-folding assembly, and a transfer
assembly. The mandrel assembly includes a first mandrel and a second mandrel. The first
mandrel has an external shape complimentary to an internal shape of at least a first portion
of the container. The second mandrel is positioned downstream from the first mandrel, and
has an external shape complimentary to an internal shape of at least a second portion of the
container. The pre-folding assembly is configured to fold a first portion of the blank around
the first mandrel to form a partially formed container. The first portion of the blank
corresponds to the first portion of the container. The transfer assembly is for transferring

the partially formed container from the first mandrel to the second mandrel.
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METHODS AND MACHINE FOR FORMING A
CONTAINER FROM A BLANK USING A PRE-FOLD

MANDREL SECTION

BACKGROUND

[0001] The embodiments described herein relate generally to a machine
for forming a container from sheet material, and more particularly to methods and a
machine for forming a container from a blank of sheet material by pre-folding the blank
around a pre-fold mandrel section, transporting the blank to a mandrel wrap section, and

forming the container at the mandrel wrap section.

[0002] Containers fabricated from paperboard and/or corrugated
paperboard material are often used to store and transport goods. These containers can
include four-sided containers, six-sided containers, eight-sided containers, bulk bins and/or
various size corrugated barrels. Such containers are usually formed [fomn blanks of sheet
material that are folded along a plurality of preformed fold lines to form an erected

corrugated container.

[0003] At least some known containers are formed using a machine. For
example, a blank may be positioned near a mandrel on a machine, and the machine may be
configured to wrap the blank around the mandrel to form at least a portion of the container.

Because the size and/or shape of blanks and containers can vary widely across industries, it
is desirable for such machines to be able to accommodate blanks and/or containers of

varying shapes and/or sizes.

[0004] At least some known container forming machines use complex
devices and mechanisms for forming various sizes and/or shapes of blanks. In order to
accommodate various sized and/or shaped blanks, these devices and mechanisms often
require moving parts that need to move or rotate along substantially large paths of

movement. These large paths of movement require the machine to be large.
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{0005] Accordingly, it is desirable to have a machine that can form

containers where the paths of movement of moving parts are reduced and thus, reduce the

overall footprint of the machine.
BRIEF DESCRIPTION

[0006] In one aspect, a machine for forming a container from a blank of
sheet material is provided. The machine has an upstream end at which the blank is loaded
and a downstream end at which the container is discharged. The machine includes a frame,
a mandre! assembly mounted to the frame, a pre-folding assembly, and a transfer assembly.
The mandrel assembly includes a first mandrel and a second mandrel. The first mandrel has
an external shape complimentary to an internal shape of at least a first portion of the
container. The second mandrel is positioned downstream from the first mandrel, and has an
external shape complimentary to an internal shape of at least a second portion of the
container. The pre-folding assembly is configured to fold a first portion of the blank around
the first mandrel to form a partially formed container. The first portion of the blank
corresponds to the first portion of the container. The transfer assembly is for transferring

the partially formed container from the first mandrel to the second mandrel.

[0007] In another aspect, 2 method of forming a container from a blank of
sheet material using a machine is provided. The machine includes a mandrel assembly
having a first mandrel and a second mandrel positioned downstream from the first mandrel.
The method includes positioning the blank proximate to the first mandrel, folding a first
portion of the blank about the first mandrel to form a partially formed container,
transferring the partially formed container from the first mandrel to the second mandrel,
wrapping a second portion of the blank about the second mandrel to form the container,

and ejecting the container from the second mandrel.

[0008] In yet another aspect, a machine for forming a container from a
blank of sheet material is provided. The machine has an upstream end at which the blank is
loaded and a downstream end at which the container is discharged. The machine includes a
frame, a mandrel assembly mounted to the frame, a pre-folding assembly, a transfer
assembly, and a wrapping assembly. The mandrel assembly includes a first mandrel, a

second mandrel, and mandrel guide rails. The first mandrel has an external shape



complimentary to an internal shape of at least a first portion of the container. The second
mandrel is positioned downstream from the first mandrel, and has an external shape
complimentary to an internal shape of at least a second portion of the container. The mandrel
guide rails extend between the first mandrel and the second mandrel. The pre-folding
assembly is configured to fold a first portion of the blank around the first mandrel to form a
partially formed container. The first portion of the blank corresponds to the first portion of
the container. The transfer assembly is configured to transfer the partially formed container
from the first mandrel to the second mandrel along the mandrel guide rails. The wrapping
assembly is configured to wrap a second portion of the blank around the second mandrel. The

second portion of the blank corresponds to the second portion of the container.

[0008a] In yet another aspect, a machine for forming a container from a blank
of sheet material is provided. The machine having an upstream end at which the blank is
loaded and a downstream end at which the container is discharged, the machine comprising: a
frame; a mandrel assembly mounted to the frame, the mandrel assembly comprising: a first
mandrel having an external shape similar to an internal shape of at least a first portion of the
container; and a second mandrel positioned downstream from the first mandrel, the second
mandrel having an external shape similar to an internal shape of at least a second portion of
the container; a pre-folding assembly configured to fold a first portion of the blank around the
first mandrel to form a partially formed container, the first portion of the blank corresponding
to the first portion of the container, the first portion of the blank comprising a first planar
panel and a plurality of additional planar panels, wherein the first mandrel is configured to
contact the first panel before the second mandrel contacts the first panel, the pre-folding
assembly being configured so that, during folding of the first portion of the blank around the
first mandrel, the first panel is maintained unrotated and none of the plurality of additional
planar panels rotates more than 90 degrees relative to the first panel of the blank; and a
transfer assembly for transferring the partially formed container from the first mandrel to the

second mandrel.

[0008b] In yet another aspect, a machine for forming a container from a
blank of sheet material is provided. The machine having an upstream end at which the blank
is loaded and a downstream end at which the container is discharged, the machine

comprising: a frame; a mandrel assembly mounted to the frame, the mandrel assembly
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comprising: a first mandrel having an external shape similar to an internal shape of at lcast a
first portion of the container; a second mandrel positioned downstream from the first
mandrel, the second mandrel having an external shape similar to an internal shape of at least
a second portion of the container; and mandrel guide rails extending between the first
mandrel and the second mandrel; a pre-folding assembly configured to fold a first portion of
the blank around the first mandrel to form a partially formed container, the first portion of the
blank corresponding to the first portion of the container, the first portion of the blank
comprising a first planar panel and a plurality of additional planar panels, wherein the first
mandrel is configured to contact the first panel before the second mandrel contacts the first
panel, the pre-folding assembly being configured so that, during folding of the first portion of
the blank around the first mandrel, the first panel is maintained unrotated and none of the
plurality of additional planar panels rotates more than 90 degrees relative to the first panel of
the blank; a transfer assembly configured to transfer the partially formed container from the
first mandrel to the second mandrel along the mandrel guide rails; and a wrapping assembly
configured to wrap a second portion of the blank around the second mandrel, the second

portion of the blank corresponding to the second portion of the container.

[0008c] Inyet another aspect, a method of forming a container from a
blank assembly using a machine is provided. The blank assembly including a tray blank
coupled to a lid blank, the tray blank defining a tray portion of the container, the lid
blank defining a lid portion of the container that is separable from the tray portion of
the container, the machine including a mandrel assembly having a first mandrel and a
second mandrel positioned downstream from the first mandrel. The method comprising:
folding, using a pre-folding assembly, a first portion of the blank assembly comprising a
first planar panel and a plurality of additional planar panels about at least a first face of
the first mandrel to form a partially formed container such that the first panel is
maintained unrotated and none of the plurality of additional planar panels rotates more
than 90 degrees relative to the first panel of the blank; transferring, using a transfer
assembly, the partially formed container from the first mandrel to the second mandrel
along a pair of guide rails extending between the first mandrel and the second mandrel;
wrapping a second portion of the blank assembly about at Ieast a first face of the second

mandrel to form the container, wherein the first face of the second mandrel opposes the
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first face of the first mandrel with respect to a vertical direction; and ¢jecting the

container from the second mandrel.

[0008d] In yet another aspect, a method of forming a container from a blank
assembly using a machine is provided. The blank assembly including a tray blank coupled to
a lid blank. The machine including a mandrel assembly having a first mandrel and a second
mandrel positioned downstream from the first mandrel. The method comprising: folding,
using a pre-folding assembly, a first portion of the blank assembly comprising a first planar
panel and a plurality of additional planar panels downwardly and around the first mandrel
such that the first panel is maintained unrotated and none of the plurality of additional planar
panels rotates more than 90 degrees relative to the first panel of the blank; transferring the
partially formed container from the first mandrel to the second mandrel; wrapping a second
portion of the blank assembly upwardly and around the second mandrel; and ¢jecting the

container from the second mandrel.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Fig. 1 is a top plan view of an example embodiment of a blank of sheet

material that may be used with the machine described herein.

[0010] Fig. 2 is perspective view of an example embodiment of a container

that may be formed from the blank shown in Fig. 1.

[0011] Fig. 3 is a perspective view of the container shown. in Fig. 2 in a

closed state.

[0012] Fig. 4 is an overhead cross-sectional view of the container shown in

Fig. 3.

[0013] Fig. 5 is a perspective view of an example embodiment of a machine

that may be used to form a container from the blank of sheet material shown in Fig. 1.

[0014] Fig. 6 is another perspective view of the machine shown in Fig. 5

looking from downstream to upstream on the machine.

[0015] Fig. 7 is a perspective view of an example control system and example

protective panels which are included in the machine shown in Figs. 5-6.

Date Regue/Date Received 2021-05-10
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[0016] Fig. 8 is another perspective view of the control system and

protective panels shown in Fig. 7.

[0017] Fig. 9 is a perspective view of a portion of an example magazine

feed section mcluded within the machine shown in Figs. 5-6.

f0018] Fig. 10 is a perspective view of another portion of the magazine

feed section included within the machine shown in Figs. 5-6.

[0019] Fig. 11 is a perspective view of the magazine feed section shown in
Figs. 9 and 10, an example vacuum transfer section, and a pre-fold section included in the

machine shown in Figs. 5-6.

[0020] Fig. 12 is a perspective view of an example pick-and-place

assembly which is included in the vacuum transfer section shown in Fig. 11.

[0021] Fig. 13 is perspective view of the pick-and-place assembly shown

in Fig. 12.

[0022] Fig. 14 is another perspective view of the pick-and-place assembly

shown in Fig. 13.

[0023] Fig. 1S is a perspective view of the machine shown in Fig. 5

illustrating various portions of an example pre-fold section included in the machine.

[0024] Fig. 16 1s a perspective view of an example mandrel assembly and

an example transfer assembly that are included within the machine shown n Figs. 5-6.

[0025] Fig. 17 is a cross-sectional view of a first mandrel which is part of
the mandrel assembly shown in Fig. 16 with the blank shown in Fig. | partially wrapped

around the first mandrel.

[0026] Fig. 18 is a perspective view of an example pre-folding assembly

which is part of the pre-fold section shown in Figs. 11 and 15,

[0027] Fig. 19 is another perspective view of the pre-fold section shown in

Figs. I1 and 15.
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[0028] Fig. 20 is a perspective view of a portion of the mandrel assembly

and a portion of the transfer assembly shown in Fig, 16.

[0029] Fig. 21 is another perspective view of the portion of the mandrel

assembly and the portion of the transfer assembly shown in Fig. 20.

[0030] Fig. 22 is a cross-sectional view of example mandrel guide rails
which are part of the mandrel assembly shown in Fig. 16 with the blank shown in Fig. 1

partially wrapped around the mandrel guide rails.

[0031] Fig. 23 is a perspective view of an example adhesive applicator

assembly which is included within the machine shown in Figs. 5-6.

[0032] Fig. 24 is another perspective view of the adhesive applicator

assembly shown in Fig. 23.

[0033] Fig. 25 is a perspective view of an example mandrel wrap section

which is included within the machine shown in Figs. 5-6.

[0034] Fig. 26 is another perspective view of the mandrel wrap section

shown in Fig. 25.

[0035] Fig. 27 is a cross-sectional view of a second mandrel which is part
of the mandrel assembly shown in Fig. 16 with the blank shown in Fig. | wrapped around

the second mandrel.

[0036] Fig. 28 is a perspective view of a mandrel retention assembly

which is part of the mandrel wrap section shown in Fig, 25,

[0037}] Fig. 29 is another perspective view of the mandrel retention

assembly shown in Fig. 28.

[0038] Fig. 30 is a perspective view of an example fold-under assembly

which is part of the mandrel wrap section shown in Fig. 25.

[0039] Fig. 31 is a side plan view of the fold-under assembly shown in
Fig. 30.
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[0040] Fig. 32 is another perspective view of the fold-under assembly

shown in Fig. 30 illustrating an example folding arm in an up position.

[0041] Fig. 33 is a perspective view of an example glue panel folder
assembly and an example glue panel presser assembly which are part of the mandrel wrap

section shown in Fig. 25.

[0042] Fig. 34 is a side plan view of the glue panel folder assembly and

the glue panel presser assembly shown in Fig. 33.

[0043] Fig. 35 is a perspective view of the glue panel folder assembly and
the glue panel presser assembly shown in Fig. 33, and an example bottom folder assembly

which is part of the mandrel wrap section shown in Fig. 25.

[0044] Fig. 36 is another perspective view of the glue panel folder
assembly, the glue panel presser assembly, and the bottom folder assembly shown in Fig.

335.

[0045] Fig. 37 is another perspective view of the glue panel folder

assembly, the glue panel presser assembly, and the bottom folder assembly shown in Fig.
35.

[0046] Fig. 38 is a perspective view of the bottom folder assembly shown
in Fig. 35 and an example conveyor assembly which is included within the machine shown

in Figs. 5-6.

[0047} Fig. 39 is a side plan view of the bottom folder assembly and the

conveyor assembly shown in Fig. 38.

[0048] Fig. 40 is a perspective view of an example bottom presser
assembly, a portion of an example ejection assembly, and a conveyor assembly which are

part of the machine shown in Figs. 5-6.

[0049] Fig. 41 is a perspective view of a portion of the bottom presser

shown in Fig. 40.
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[0050] Fig. 42 is a perspective view of the bottom presser assembly and

the conveyor assembly shown in Fig, 40.

[0051] Fig. 43 is a perspective view of the ejection assembly shown in
Fig. 40 illustrating an example ejection plate of the ejection assembly in an extended

position.
DETAILED DESCRIPTION OF THE DISCLOSURE

[0052] The following detailed description illustrates the invention by way
of example and not by way of limitation. The description clearly enables one skilled in the
art to make and use the invention, describes several embodiments, adaptations, variations,
alternatives, and uses of the invention, including what is presently believed to be the best

mode of carrying out the invention.

[0053] The present disclosure provides a machine for forming a container
from a single sheet of material. The container described herein is sometimes referred to as
an eight-sided container, but any number of sides of a container could be formed including,
but not limited to, a four-sided or a six-sided container. In one embodiment, the container
is fabricated from a paperboard material. The container, however, may be fabricated using
any suitable material, and therefore is not limited to a specific type of material. In
alternative embodiments, the container is fabricated using cardboard, fiberboard,
paperboard, foamboard, corrugated paper, and/or any suitable material known to those
skilled in the art and guided by the teachings herein provided. The container may have any
suitable size, shape, and/or configuration, whether such sizes, shapes, and/or configurations
are described and/or illustrated herein. Further, different embodiments described here can
vary in size and/or dimensions. The container may also include lines of perforation for

removal of a portion of the container for displaying articles for sale.

[0054] In an example embodiment, the container includes at least one
marking thereon including, without limitation, indicia that communicates the product, a
manufacturer of the product and/or a seller of the product. For example, the marking may
include printed text that indicates a product's name and briefly describes the product, logos

and/or trademarks that indicate a manufacturer and/or seller of the product, and/or designs
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and/or ornamentation that attract attention. “Printing,” “printed,” and/or any other form of
“print” as used herein may include, but is not limited to including, ink jet printing, laser
printing, screen printing, giclée, pen and ink, painting, offset lithography, flexography,
relief print, rotogravure, dye transfer, and/or any suitable printing technique known to those
skilled in the art and guided by the teachings herein provided. In another embodiment, the
container is void of markings, such as, without limitation, indicia that communicates the

product, a manufacturer of the product and/or a seller of the product.

[0055) Referring now to the drawings, Fig. 1 is a top plan view of an
example embodiment of a substantially flat blank 20 of sheet material. As shown in Fig. 1,
blank 20 includes a series of aligned wall panels and end panels connected together by a
plurality of preformed, generally parallel, fold lines. Specifically, the wall panels include a
first corner panel 22, a first side panel 24, a second corner panel 26, a first end panel 28, a
third corner panel 30, a second side panel 32, a fourth corner panel 34, a second end panel
36, and a glue panel 38 connected in series along a plurality of fold lines 40, 42, 44, 46, 48,
50, 52, and 54. First corner panel 22 extends from a first free edge 56 to fold line 40, first
side panel 24 extends from first comner panel 22 along fold line 40, second corner panel 26
extends from first side panel 24 along fold line 42, first end panel 28 extends from second
corner panel 26 along fold line 44, third corner panel 30 extends from first end panel 28
along fold line 46, second side panel 32 extends from third corner panel 30 along fold line
48, fourth corner panel 34 extends from second side panel 32 along fold line 50, second
end panel 36 extends from fourth corer panel 34 along fold line 52, and glue panel 38

extends from second end panel 36 along fold line 54 to a second free edge S8.

[0056] A first top side panel 60 and a first bottom side panel 62 extend
from opposing edges of first side panel 24. More specifically, first top side panel 60 and
first bottom side panel 62 extend from first side panel 24 along a pair of opposing
preformed, generally parallel, fold lines 64 and 66, respectively. Similarly, a second
bottom side panel 68 and a second top side panel 70 extend from opposing edges of second
side panel 32. More specifically, second bottom side panel 68 and second top side panel 70
extend from second side panel 32 along a pair of opposing preformed, generally paraliel,
fold lines 72 and 74, respectively. Fold lines 64, 66, 72, and 74 are generally parallel to
each other and generally perpendicular to fold lines 40, 42, 48, and 50. First bottom side
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panel 62 and first top side panel 60 each have a width 76 taken along a central horizontal
axis 78 of blank 20 that is greater than a width 80 of first side panel 24, also taken along
central horizontal axis 78. Similarly, second bottom side panel 68 and second top side
panel 70 each have a width 76 that is greater than width 80 of second side panel 32, taken

along central horizontal axis 78.

[0057] First bottom side panel 62 and first top side panel 60 each include a
free edge 82 or 84, respectively. Similarly, second bottom side panel 68 and second top
side panel 70 each include a free edge 86 or 88, respectively. Bottom side panels 62 and 68
and top side panels 60 and 70 each include opposing angled edge portions 90 and 92 that
are each obliquely angled with respect to respective fold lines 64, 66, 72, and/or 74.
Although other angles may be used without departing from the scope of the present
disclosure, in one embodiment, edge portions 90 and 92 are angled at about 45° with

respect to respective fold lines 64, 66, 72, and/or 74.

[0058] The shape, size, and arrangement of bottom side panels 62 and 68
and top side panels 60 and 70 as shown in Fig. 1 and described above facilitates forming an
octagonal container 200 having angled corners, an example of which is shown in Figs. 2-4.
More specifically, the shape, size, and arrangement of bottom side panels 62 and 68 and
top side panels 60 and 70 facilitates forming container 200 having corner walls that are
obliquely angled with respect to, and interconnect side walls and end walls of formed

container 200.

[0059]) As shown in Fig. 1, a first top end panel 94 and a first bottom end
panel 96 extend from opposing edges of first end panel 28. More specifically, first top end
panel 94 and first bottom end panel 96 extend from first end panel 28 along a pair of
opposing preformed, gencrally parallel, fold lines 98 and 100, respectively. Similarly, a
second bottom end panel 102 and a second top end panel 104 extend from opposing edges
of second end panel 36. More specifically, second bottom end panel 102 and second top
end panel 104 extend from second end panel 36 along a pair of opposing preformed,
generally parallel, fold lines 106 and 108, respectively. Fold lines 98, 100, 106, and 108
are generally parallel to each other and generally perpendicular to fold lines 44, 46, 52, and
54. First bottom end panel 96 and first top end panel 94 each have a width 110 taken along

central horizontal axis 78 of blank 20 that js substantially equal to a width 112 of first end
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panel 28, also taken along central horizontal axis 78. Similarly, second bottom end panel

102 and second top end pancl 104 each have width 110 that is greater than width 112 of

second end panel 36, taken along central horizontal axis 78.

[0060] First bottom end panel 96 and first top end panel 94 each include a
free edge 114 or 116, respectively. Similarly, second bottom end panel 102 and second top
end panel 104 each include a free edge 118 or 120, respectively. Bottom end panels 96 and
102 and top end panels 94 and 104 each include opposing side edge portions 122 and 124
that are each substantially parallel to respective fold lines 44, 46, 52, and/or 54. Although
other angles may be used without departing from the scope of the present disclosure, in one
embodiment, side edge portions 122 and 124 are angled at about 180° with respect to
respective fold lines 44, 46, 52, and/or 54.

[0061] As a result of the above example embodiment of blank 20, a
manufacturer’s joint, a container bottom wall, and a container top wall formed therefrom
may be securely closed so that various products may be securely contained within a formed
container. Therefore, less material may be used to fabricate blank 20 having suitable

strength for construction of a container that can contain various loads.

[0062] As will be described below in more detail with reference to Figs. 5-
43, blank 20 is intended to form a container 200 as shown in Figs. 2-4 by folding and/or
securing panels 22, 24, 26, 28, 30, 32, 34, 36, and/or 38 (shown in Fig. 1) and bottom
panels 62, 68, 96, and/or 102 (shown in Fig. 1). Of course, blanks having shapes, sizes,
and configurations different than blank 20 described and illustrated herein may be used to
form container 200 shown in Figs. 2-4 without departing from the scope of the present
disclosure. In other words, the machine and processes described herein can be used to
form a variety of different shaped and sized containers, and is not limited to blank 20

shown in Fig. 1 and/or container 200 shown in Figs. 2-4.

{0063] Fig. 2 illustrates a perspective view of an example contamer 200,
which is erected and in an open configuration, that may be formed from blank 20 (shown in
Fig. 1). Fig. 3 illustrates a perspective view of container 200 in a closed configuration.
Fig. 4 illustrates an overhead cross-sectional view of container 200. Referring to Figs. 1-4,

in the example embodiment, container 200 includes a plurality of walls defining a cavity
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202. More specifically, container 200 includes a first corner wall 204, a first side wall 206,
a second corner wall 208, a first end wall 210, a third corner wall 212, a second side wall
214, a fourth corner wall 216, and a second end wall 218. First corner wall 204 includes
first comer panel 22 and glue panel 38, first side walt 206 includes first side panel 24,
second corner wall 208 includes second corner panel 26, first end wall 210 includes first
end panel 28, third corner wall 212 includes third corner panel 30, second side wall 214
includes second side panel 32, fourth corner wall 216 includes fourth comer panel 34, and
second end wall 218 includes second end panel 36, as described in more detail below.
Each wall 204, 206, 208, 210, 212, 214, 216, and 218 has a height 220. Although each
wall may have a different height without departing form the scope of the present
disclosure, in the embodiment shown Figs. 1-4, each wall 204, 206, 208, 210, 212, 214,
216, and 218 has substantially the same height 220.

[0064] In the example embodiment, first corner wall 204 connects first
side wall 206 to second end wall 218, second corner wall 208 connects first side wall 206
to first end wall 210, third corner wall 212 connects first end wall 210 to second side wall
214, and fourth corner wall 216 connects second side wall 214 to second end wall 218.
Further, bottom panels 62, 68, 96, and 102 form a bottom wall 222 of container 200, and
top panels 60, 70, 94, and 104 form a top wall 224 of container 200. Although container
200 may have other orientations without departing form the scope of the present disclosure,
in the embodiments shown in Figs. 2-4, end walls 210 and 218 are substantially parallel to
cach other, side walls 206 and 214 are substantially parallel to each other, first corner wall
204 and third corner wall 212 are substantially parallel to each other, and second corner
wall 208 and fourth comer wall 216 are substantially parallel to each other. Corner walls
204, 208, 212, and 216 are obliquely angled with respect to walls 206, 210, 214, and 218

they interconnect to form angled corners of container 200.

[0065] Bottom panels 62, 68, 96, and 102 are each orientated generally
perpendicular to walls 204, 206, 208, 210, 212, 214, 216, and 218 to form bottom wall 222.
More specifically, bottom end panels 96 and 102 are folded beneath/inside of bottom side
panels 62 and 68. Similarly, in a fully closed position (shown in Fig. 3), top panels 60, 70,
94, and 104 are each orientated generally perpendicular to walls 204, 206, 208, 210, 212,
214, 216, and 218 to form top wall 224. Although container 200 may be secured together
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using any suitable fastener at any suitable location on container 200 without departing from
the scope of the present disclosure, in one embodiment, adhesive (not shown) is applied to
an inner surface and/or an outer surface of first corner panel 22 and/or glue panel 38 to
form first corner wall 204. In one embodiment, adhesive may also be applied to exterior
surfaces of bottom end panels 96 and/or 102 and/or interior surfaces of bottom side panels
62 and/or 68 to secure bottom side panels 62 and/or 68 to bottom end paneis 96 and/or 102.
As a result of the above example embodiment of container 200, the manufacturer’s joint,
bottom wall 222, and/or top wall 224 may be securely closed so that various products may
be securely contained within container 200. Therefore, less material may be used to

fabricate a stronger container 200.

[0066] Fig. 5 illustrates a perspective view of an example machine 1000
for forming a container, such as container 200 (shown in Figs. 2-4) from a blank of sheet
material, such as blank 20 (shown in Fig. I). Fig. 6 illustrates an additional perspective
view of machine 1000. Machine 1000 will be discussed hereafter with reference to
forming corrugated container 200 from blank 20; however, machine 1000 may be used to
form a box or any other container having any size, shape, and/or configuration from a
blank having any size, shape, and/or configuration without departing from the scope of the

present disclosure.

[0067] As shown in Figs. 5-6, machine 1000 includes a magazine feed
section 1100, a vacuum transfer section 1200, a mandrel pre-fold section 1300, a mandrel
wrap section 1400, and an outfeed section 1500, each positioned with respect to and/or
coupled to a frame 1002. As shown in Figs. 7-8, a control system 1004 is coupled in
operative control communication with one or more components of machine 1000.
Magazine feed section 1100 is positioned at an upstream end 1006 of machine 1000 with
respect to a blank forming path direction indicated by an arrow X. Vacuum transfer section
1200 is positioned downstream from magazine feed section 1100 in blank forming path
direction X. Moreover, mandrel pre-fold section 1300 is positioned downstream from
vacuum transfer section 120(') in blank forming path direction X, mandrel wrap section
1400 is positioned downstream from mandrel pre-fold section 1300 in blank forming path
direction X, and outfeed section 1500 is positioned at a downstream end 1008 of machine

1000 and downstream from mandrel wrap section 1400 in blank forming path direction X.
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In some embodiments, machine 1000 may also include a product load section (not shown)
positioned downstream from outfeed section 1500 with respect to a container discharge
direction. Product load section is where a product is loaded into formed container 200, and
container 200 is closed and sealed for shipping and/or storing the product. In the example

embodiment, the container discharge direction is in substantially the same direction as

blank forming path direction X.

f0068) Machine 1000 also includes a mandrel assembly, indicated
generally at 1600, mounted to frame 1002. Mandrel assembly 1600 extends from the
mandrel pre-fold section 1300 to the mandrel wrap section 1400, and includes a first or pre-
fold mandrel 1602 and a second mandrel 1604 positioned downstream from the first
mandrel 1602.

[0069] As shown in Figs. 7 and 8, machine 1000 also includes a plurality
of protective panels 1010 coupled to frame 1002. Protective panels 1010 are omitted from
Figs. 5 and 6 for illustration. Also, certain elements of machine 1000 are omitted from
Figs. 7 and 8 for illustration. Protective panels 1010 prevent external objects from
interfering with operation of machine 1000. Protective panels 1010 may be made of
plastic, glass, and/or any suitable material that facilitates protecting components of
machine 1000. In the example embodiment, protective panels 1010 are substantially

transparent, enabling an operator to visually monitor operation of machine 1000.

[0070] Figs. 9-22 illustrate various portions and perspectives of magazine
feed section 1100, as well as vacuum transfer section 1200, mandrel pre-fold section 1300,

and mandrel assembly 1600.

[0071] Referring to Figs. 9-11, in the example embodiment, magazine
feed section 1100 includes a plurality of independently powered magazine drives 1102 and
1104 for receiving a plurality of blanks 20. Magazine drives 1102 and 1104 are adjustably
mounted to rail system 1106 such that a distance between magazine drives 1102 and 1104

can be adjusted to accommodate blanks having different sizes and/or shapes.

[0072] Each magazine drive 1102 and 1104 is operatively coupled to a
blank alignment device 1108 configured to align blanks 20 at a downstream end 1110 of
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magazine feed section 1100. More specifically, blank alignment devices 1108 are
configured to independently drive magazine drives 1102 and 1104 until a blank 20 is
aligned at downstream end 1110 of magazine feed section 1100. In the example
embodiment, cach blank alignment device 1108 includes a linear actuator 1112 pivotably
coupled to a crank wheel 1114 configured to drive a corresponding magazine drive 1102 or
1104 upon actuation of linear actuator 1112. Linear actuator 1112 is operatively coupled to
a blank detection device 1116 which controls operation of linear actuator 1112 depending
upon whether one or more panels of a blank 20 are positioned and/or aligned at
downstream end 1110 of magazine feed section 1100. More specifically, blank detection
device 1116 is configured to intermittently or continuously actuate linear actuator 1112,
and thereby drive magazine drive 1102 or 1104, until one or more panels of blank 20 are
positioned and/or aligned with blank detection device 1116 at downstream end 1110 of

magazine feed section 1100.

{0073] In the example embodiment, blank detection device 1116 includes
a swiich 1118 and a switch engaging device 1120 configured to turn switch on and off.
Switch 1118 is operatively coupled to linear actuator 1112 such that when switch 1118 is in
an off position, linear actuator 1112 does not actuate, and when switch 1118 is in an on
position, linear actuator 1112 intermittently or continuously actuates until switch 1118 is
tumed off. Switch engaging device 1120 includes an arm 1122 rotatably coupled to a
magazine drive 1102 or 1104 by a pin 1124, and two fingers 1126 extending from pin 1124
at an oblique angle with respect to arm 1122. Arm 1122 is configured to engage and
disengage switch 1118, and thereby turn switch 1118 on and off. Fingers 1126 are
positioned on opposite sides of magazine drive 1102 and 1104, and include tips 1128
configured to engage one or more panels of blank 20 when blank is at downstream end
1110 of magazine feed section 1100. When one or more tips 1128 of a switch engaging
device 1120 are not engaged by a panel of blank 20, switch engaging device 1120 is in a
first, down position (not shown) in which arm 1122 engages switch 1118, and maintains
switch 1118 in an on position. Linear actuator 1112 intermittently or continuously actuates,
thereby intermittently or continuously driving a corresponding magazine drive 1102 or
1104, until switch 1118 is turned off. When all tips 1128 of a switch engaging device 1120
are engaged by one or more panels of blank 20, switch engaging device 1120 is rotated

upwards to a second, up position (shown in Fig. 9) in which arm 1122 is disengaged from
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switch 1118. Switch 1118 is thereby turned off, and actuation of linear actuator 1112

ceases.

[0074] Blanks 20 are loaded and/or orientated in magazine feed section
1100 in any manner that enables operation of machine 1000 as described herein. In the
example embodiment, blanks 20 are loaded substantially vertically into magazine feed
section 1100. After blanks 20 are loaded onto magazine drives 1102 and 1104, a bundle of
blanks 20 is conveyed in the manner described above, in blank forming path direction X,

from magazine feed section 1100 to vacuum transfer section 1200.

[0075] In the example embodiment, magazine feed section 1100 also
includes a magazine alignment panel 1130 and a blank guide 1132, also configured to
maintain alignment of blanks 20 within magazine feed section 1100, and a plurality of
rollers 1134 (shown in Fig. 11) positioned at a downstream end of magazine feed section
1100. Rollers 1134 are configured to align and/or guide panels of blank 20 as blank 20 is
transferred from magazine feed scction 1100 to mandrcl pre-fold scction 1300. Rollers
1134 are aligned with one or more panels of a blank 20, and are configured to rotate as a

blank 20 is pulled by vacuum transfer section 1200 from magazine feed section 1100.

[0076] As shown in Figs. 11-15, vacuum transfer section 1200 includes a
pick-and-place assembly 1202 (generally, a transfer assembly) configured to lay a blank 20
flat on top of first mandrel 1602. More specifically, pick-and-place assembly 1202 includes
linear actuators 1204 operatively coupled to arms 1206 that are, in turn, pivotally coupled
to a pick-up bar 1208. A plurality of pick-up arms 1210 are mounted to pick-up bar 1208,
and a vacuum suction cup 1212 is fixedly coupled to each pick-up arm 1210. Suction cups
1212 are configured to retrieve a single blank 20 from the plurality of blanks 20 positioned
within magazine feed section 1100. Suction cups 1212 include independest vacuum
generators {(not shown) for providing suction to attach suction cups 1212 to individual
blanks 20. In an alternative embodiment, suction cups 1212 are attached to a centralized
vacuum generator, which provides the vacuum for suction cups 1212 to attach to a blank
20. In the example embodiment, linear actuators 1204 are actuating cylinders that
pneumatically transition between a first, extended position (shown in Fig. 11) and a second,

retracted position (shown in Fig. 15).
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[0077] An angle guide bar 1214 is fixedly coupled to pick-up bar 1208 at
a first end 1216 of angle guide bar 1214, and is slidably and rotatably coupled to a pivot
guide assembly 1218 at a second end 1220 of angle guide bar 1214. Angle guide bar 1214
and pivot guide assembly 1218 are operatively coupled to one another such that actuation
of linear actuators 1204 causes pick-up bar 1208 to pivot and/or rotate a desired amount
such that a blank 20 coupled to vacuum transfer section 1200 is aligned in a horizontal,
generally flat position (shown in Fig. 15) on first mandrel 1602. Pivot guide assembly 1218
includes a pivot guide mount 1222 fixedly coupled to frame 1002, and one or more pivot
guides 1224 configured to slidably and/or rotatably engage angle guide bar 1214. In the
example embodiment, angle guide bar 1214 is an L-bracket, and pivot guides 1224 are

rollers positioned on opposite sides of a leg of the L-bracket.

[0078] In operation, linear actuators 1204 are operated and/or controlled to
position suction cups 1212 to facilitate picking up a blank 20 from magazine feed section
1100 and transferring blank 20 through vacuum transfer section 1200 to mandrel pre-fold
section 1300. Linear actuators 1204 are actuated into the first position (shown in Fig. 11),
causing suction cups 1212 to sealingly couple a blank 20 within magazine feed section
1100. Linear actuators 1204 are then actuated into the second position (shown in Fig. 15),
causing arms 1206 to rotate in a first direction (generally, a downward or counter-
clockwise direction) indicated by arrow 1226, which in turn cause angle guide bar 1214 to
slidably and rotatably engage pivot guide assembly 1218, which in turn causes pick-up bar
1208 and pick-up arms 1210 to rotate in a second direction (generally an upward or
clockwise direction) indicated by arrow 1228, generally opposite to the first direction. The
general motion of pick-up bar 1208 and pick-up arms 1210 is movement along an arc in a
first, generally counter-clockwise direction 1226 while rotating in a second, generally
clockwise direction 1228 opposite the first direction 1226. Suction cups 1212 follow the
general motion of pick-up arms 1210, and release blank 20 onto mandrel pre-fold section
1300. Once blank 20 is released, the direction of linear actuators 1204 is reversed to move
suction cups 1212 to their original position to pick up the next blank 20. Pick-and-place
assembly 1202 may include any suitable structure and/or means that may be used to attach
to blank 20 and transfer blank 20 from magazine feed section 1100 to mandrel pre-fold

section 1300 without departing from the scope of the present disclosure.
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[0079] Referring now to Figs. 11 and 15-22, blanks 20 are received in
mandrel pre-fold section 1300 from vacuum transfer section 1200. Mandrel pre-fold
section 1300 includes first mandrel 1602, a pre-folding assembly 1302, and a transfer
assembly 1304, Mandrel pre-fold section 1300 is configured to partially form container 200
by folding a first portion of blank 20 around first mandrel 1602.

[0080] As shown in Figs. 16-17, first mandrel 1602 has an external shape
that is complementary to an internal shape of a first portion of container 200 that is formed
at mandrel pre-fold section 1300. More specifically, first mandrel 1602 includes adjustable
plates 1606 and 1608 and miter plates 1610 and 1612 each having a plurality of faces 1614,
1616, 1618, 1620, 1622, 1624, 1626, and 1628 that substantially correspond to at least

some of the panels on blank 20.

[0081] In the example embodiment, miter plates 1610 and 1612 include
angled faces 1614 and 1616 obliquely angled with respect to side faces 1618 and 1620,
respectively. Angled faces 1614 and 1616 substantially correspond to third corner panel 30
and fourth corner panel 34, respectively, and side faces 1618 and 1620 substantially
correspond to first and second end panels 28 and 36, respectively. In the example
embodiment, each miter plate 1610 and 1612 also includes an upper face 1622 and 1624
obliquely angled with respect to angled faces 1614 and 1616, respectively. Blank 20 is
placed upon upper faces 1622 and 1624 when blank 20 is transferred from magazine feed
section 1100 to mandrel pre-fold section 1300. Accordingly, it is understood that the
widths of upper faces 1622 and 1624 may vary depending on the size and/or shape of blank
20, and the widths of upper faces 1622 and 1624 are not limited to the relatively narrow
widths illustrated in Fig. 17. Miter plates 1610 and 1612 are detachably mounted to
adjustable plates 1606 and 1608 such that miter plates 1610 and 1612 can be interchanged
with plates having different sizes and/or shapes such that first mandrel 1602 may be
configured to accommodate blanks of varying sizes and/or shapes (e.g., a blank for forming
a four-sided container). For example, in embodiments where machine 1000 is used to form
a four-sided container, angled faces 1614 and 1616 of miter plates 1610 and 1612 may be
omitted, and miter plates 1610 and 1612 may include only side faces 1618 and 1620 and
upper faces 1622 and 1624 oriented at approximately 90 degrees with respect to one

another. Miter plates 1610 and 1612 are constructed from low-friction, wear-resistant
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plastic to facilitate transferring blanks 20 from first mandrel 1602 to second mandrel 1604.

It is understood, however, that miter plates 1610 and 1612 may be constructed from any

suitable material that enables machine 1000 to function as described herein.

[0082] In the example embodiment, adjustable plates 1606 and 1608 also
include side faces 1626 and 1628 that substantially correspond to at least one of the panels
on blank 20. More specifically, side faces 1626 and 1628 of adjustable plates 1606 and
1608 correspond to first and second end panels 28 and 36, respectively. Alternatively,
adjustable plates 1606 and 1608 do not include side faces that substantially correspond to
any of the panels on blank 20.

[0083] Adjustable plates 1606 and 1608 are operatively coupled to an
adjustment device 1630 (shown in Fig. 21) configured to adjust a distance between
adjustable plates 1606 and 1608 in a direction substantially perpendicular to the X
direction, referred to as the transverse direction and indicated by an arrow Y (shown in Fig.
21). Adjustable plates 1606 and 1608 are therefore configured be adjusted to accommodate
blanks of varying sizes and/or shapes. Adjustable plates 1606 and 1608 are also slidably
mounted to a rail system 1632 extending in the transverse direction, to facilitate adjustment
of adjustable plates 1606 and 1608. In the example embodiment, adjustment device 1630 is
a crank configured to adjust plates 1606 and 1608 via a threaded connection with a nut
mounted to adjustable plates 1606 and/or 1608. Also in the example embodiment,
adjustable plate 1608 is fixed and only adjustable plate 1606 is moveable in the transverse

direction using adjustment device 1630,

[0084] Although faces 1614, 1616, 1618, 1620, 1622, 1624, 1626, and
1628 of first mandrel 1602 are described with reference to plates 1606, 1608, 1610 and
1612, it is understood that any of the {irst mandrel faces 1614, 1616, 1618, 1620, 1622,
1624, 1626, and 1628 may be incorporated into solid plates, frames, plates including
openings defined therein, and/or any other suitable component that provides a face and/or
surface configured to enable a container to be at least partially formed from a blank as

described herein.
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{0085] Figs. 11, 15, and 18-19 illustrate various portions and perspectives
of pre-folding assembly 1302. Pre-folding assembly 1302 is configured to fold a first
portion of blank 20 down and around first mandrel 1602 while blank 20 is positioned
within pre-fold section 1300 and/or adjacent first mandrel 1602. In the example
embodiment, pre-folding assembly 1302 is also configured to at least partially detach
vacuum suction cups 1212 from blank 20 after blank 20 is placed on mandrel pre-fold

section 1300.

[0086] Pre-folding assembly 1302 includes folding fingers 1306 and 1308
(generally, rods) adjustably coupled to an arm 1310, which is in turn, rotatably mounted to
frame 1002. Arm 1310 is operatively coupled to a linear actuator 1312 which, when
actuated, causes arm 1310 to rotate, which in turn causes folding fingers 1306 and 1308 to
rotate towards and engage an upward-facing surface of a corresponding panel of blank 20,

thereby folding one or more panels of blank 20 around first mandrel 1602.

[0087] In opcration, folding fingers 1306 and 1308 arc initially positioned
in a first, generally raised position (shown in Figs. 15 and 18). After a blank 20 is placed on
first mandrel 1602 by vacuum transfer section 1200, linear actuator 1312 is actuated to
rotate arm 1310 and folding fingers 1306 and 1308 into a second, generally lowered
position (shown in Fig. 19). As folding fingers 1306 and 1308 rotate towards the second
position, folding fingers 1306 and 1308 engage one or more panels of blank 20 and fold the
panels around a corresponding miter plate 1610 and 1612 and/or adjustable plate 1606 and
1608 of the first mandrel 1602. In the example embodiment, pre-folding assembly 1302
and folding fingers 1306 and 1308 are held in the second position while a pre-folded blank
20 1s transferred from mandrel pre-fold section 1300 to mandrel wrap section 1400
(described in more detail below) to maintain alignment of blank 20 as blank 20 is
transferred from mandrel pre-fold section 1300 to mandrel wrap section 1400. A sufficient
amount of lateral spacing is maintained between folding fingers 1306, blank 20, and faces
1618, 1620, 1626, and 1628 of miter plates 1610 and 1612 and adjustable plates 1606 and
1608 so that blank 20 may be transferred with minimal frictional drag. Pre-folding
assembly 1302 is therefore also configured to guide a blank 20 as it is transferred from
mandrel pre-fold section 1300 to mandrel wrap section 1400. Linear actuator 1312 then

reverses direction and rotates pre-folding assembly 1302 and folding fingers 1306 and 1308
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back to the first position to repeat the pre-folding procedure for a subsequently placed
blank 20. In the example embodiment, vacuum transfer section 1200 transfers another
blank 20 to mandrel pre-fold section 1300 after pre-folding assembly 1302 is in the first
position. In alternative embodiments, vacuum transfer section 1200 may begin transferring

a blank 20 to mandrel pre-fold section 1300 while pre-tolding assembly 1302 is being

rotated from the second position to the first position.

{0088] Folding fingers 1306 and 1308 can be adjusted along the length of
arm 1310 such that each folding finger 1306 and 1308 is aligned with a corresponding
panel of blank 20. In the example embodiment, folding fingers 1306 and 1308 are spaced
apart by a distance greater than the width 76 of side panels 24 and 32, and are aligned with
end panels 28 and 36 of blank 20, respectively. Folding fingers 1306 and 1308 are thereby
configured to fold end panels 28 and 36, respectively, around first mandrel 1602 about fold
lines 46 and/or 48, and 50 and/or 52, respectively. In the example embodiment, folding
fingers 1306 and 1308 are also configured to fold corner panels 30 and 34, respectively,
around first mandrel 1602 about fold lines 48 and 50, respectively. As such, in the example
embodiment, the first portion of blank 20 wrapped around first mandrel 1602 includes first
end panel 28, third corner panel 30, second side panel 32, fourth corner panel 34, and

second end panel 36.

[0089] Pre-folding mechanism also includes retention plows 1314 and
1316 adjustably coupled to arm 1310. Retention plows 1314 and 1316 are configured to
prevent blank 20 from bowing or lifting off of mandrel assembly 1600 when folding
fingers 1306 and 1308 engage one or more panels of blank 20. More specifically, retention
plows 1314 and 1316 are configured to rotate from a first, raised position (shown in Fig.
15) to a second, lowered position (shown in Fig. 19) proximate to one or more panels of
blank 20. Retention plows 1314 and 1316 thereby prevent blank 20 from bowing or lifting
off of mandrel assembly 1600 when folding fingers 1306 and 1308 fold a first portion of
blank 20 around first mandrel 1602,

[0090] Referring to Figs. 16 and 20-21, transfer assembly 1304 is
configured to transfer a pre-folded blank 20 from the mandre! pre-fold section 1300 to the
mandrel wrap section 1400. More specifically, transfer assembly 1304 is configured to

transfer a pre-folded blank (wherein the pre-folded blank is a partially formed container)
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from first mandrel 1602 to second mandrel 1604. Transfer assembly 1304 includes a pusher
bar 1318 operatively coupled to a linear actuator 1320, and one or more pusher feet 1322
coupled to the pusher bar 1318. Pusher feet 1322 are slidably mounted to a guide rail 1324
extending in the X direction to facilitate linear motion of pusher feet 1322. Pusher feet
1322 are detachably coupled to pusher bar 1318 and guide rail 1324 such that pusher feet
1322 may be interchanged with pusher feet having different shapes and/or sizes to
accommodate blanks having different sizes and/or shapes. In the example embodiment,
transfer assembly 1304 is positioned within mandrel assembly 1600, and, more
particularly, within first mandrel 1602 to decrease the necessary size of machine 1000, and

thereby reduce the overall footprint of machine 1000.

[0091] Transfer assembly 1304 operates to move blanks 20 from mandrel
pre-fold section 1300 to mandrel wrap section 1400. More specifically, linear actuator 1320
drives pusher bar 1318 in a direction parallel to direction X, and causes pusher feet 1322 to
contact a trailing edge 126 (shown in Fig. 1) of a blank 20 and push and/or slide blank 20
along mandrel guide rails 1634, 1636, 1638 and/or 1640 (described below) toward mandrel
wrap section 1400. Linear actuator 1320 then reverses direction and moves pusher bar 1318
in a direction opposite to direction X to transfer the next blank 20 from mandrel pre-fold
section 1300. In the example embodiment, transfer assembly 1304 includes one pusher foot
1322 configured to engage a trailing edge 126 of top side panel 70. Alternative
embodiments may include any suitable number of pusher feet 1322 configured to engage a

trailing edge 126 of one or more of top panels 60, 70, 94, and 104.

[0092] Referring to Figs. 16 and 22, mandrel assembly 1600 includes
mandrel guide rails 1634, 1636, 1638 and 1640 to facilitate the transfer of blanks 20 from
mandrel pre-fold section 1300 to mandrel wrap section 1400. More specifically, mandrel
guide rails 1634, 1636, 1638 and 1640 are configured to maintain the alignment of blank
20 as transfer assembly 1304 transfers blank 20 from mandrel pre-fold section 1300 to

mandrel wrap section 1400,

[0093] Mandrel guide rails 1634, 1636, 1638 and 1640 extend between
first mandrel 1602 and a second mandrel 1604 along the X direction. Mandrel guide rails
1634, 1636, 1638 and 1640 are configured to maintain the alignment of blank 20 as blank

20 is transferred between mandrel pre-fold section 1300 and mandrel wrap section 1400.
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More specifically, mandrel guide rails 1634, 1636, 1638 and 1640 are generally aligned
with one or more of adjustable plates 1606 and 1608 and/or miter plates 1610 and 1612,
and include a plurality of faces 1642, 1644, 1646, 1648, 1650, 1652, 1654, 1656, and 1658

configured to an engage an interior surface of one or more panels of blank 20.

[0094] In the example embodiment, mandrel guide rails 1634, 1636, 1638
and 1640 include upper mandrel guide rails 1634 and 1636 and lower mandrel guide rails
1638 and 1640. Upper mandrel guide rails 1634 and 1636 are L-shaped rails oriented in
opposing orientations with respect to one another. Upper mandrel guide rails 1634 and
1636 include top faces 1642 and 1644, respectively, configured to engage an interior
surface of second side panel 32, and side faces 1646 and 1648 configured to engage interior
surfaces of first end panel 28 and/or third corner panel 30, and second side panel 32 and/or
fourth corner panel 34, respectively. Top faces 1642 and 1644 are substantially coplanar
with upper faces 1622 and 1624 of first mandrel 1602 such that a blank 20 may be slid
from first mandrel 1602 to second mandrel 1604 along mandrel guide rails 1634 and 1636
without lifting or moving blank 20 out of the plane in which it is initially placed on first
mandrel 1602, Lower mandrel guide rail 1638 is also an L-shaped rail having a side face
1650 configured to engage an interior surface of first end panel 28 and/or second corner
panel 26, and a botiom face 1652 configured to engage an interior surface of first side
panel 24. Lower mandrel guide rail 1640 is a beveled L-shaped rail having a bottom face
1654 configured to engage an interior surface of first side panel 24, an angled face 1656
configured to engage an interior surface of first comer panel 22 and/or glue panel 38, and a
side face 1658 configured to engage an interior surface of second end panel 36 and/or glue

panel 38.

[0095] One or more faces 1642, 1644, 1646, 1648, 1650, 1652, 1654,
1656, and/or 1658 of mandrel guide rails 1634, 1636, 1638, and 1640 may define or may
be defined by one or more faces 1660, 1662, 1664, 1666, 1668, 1670, 1672, 1674, and/or
1676 of second mandrel 1604, described in more detail below. In the example embodiment,
mandrel guide rails 1634, 1636, 1638, and 1640 are an extension of second mandrel
extension 1604. Thus, faces 1644, 1642, 1646, 1650, 1652, 1654, 1656, 1658, and 1648 of
mandrel guide rails 1634, 1636, 1638, and 1640 are at least partially defined by faces 1660,
1662, 1664, 1666, 1668, 1670, 1672, 1674, and 1676 of second mandrel 1604, respectively.
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[0096] Referring to Figs. 23 and 24, in the example embodiment, an
adhesive applicator assembly 1326 is positioned between first mandrel 1602 and second
mandrel 1604, such as adjacent mandrel guide rails 1634, 1636, 1638, and 1640, to apply
adhesive to blank 20 as blank 20 is transferred from first mandrel 1602 to second mandrel
1604. Adhesive applicator assembly 1326 includes a plurality of adhesive applicators 1328,
shown as nozzles in the example embodiment, configured to dispense and/or apply
adhesive (not shown) to predetermined panels of blank 20 while blank 20 is transferred
from first mandrel 1602 to second mandrel 1604. In the example embodiment, adhesive
applicator assembly 1326 includes three adhesive applicators 1328, two of which are
configured to apply adhesive to an exterior surface of bottom end panels 96 and 102, and

one of which is configured to apply adhesive to an exterior surface of glue panel 38.

[0097] Adhesive applicators 1328 are coupled in communication with an
adhesive supply (not shown), which may be controlled by control system 1004 (shown in
Fig. 7) to control a starting time, a pattern, an ending time, a length of adhesive bead,

and/or any other suitable operations of adhesive applicators 1328.

[0098] Adhesive applicator assembly 1326 is positioned downstream from
mandrel pre-fold section 1300. As such, adhesive applicators 1328 may apply adhesive to
one or more panels of blank 20 while the panels are in a substantially vertical orientation
(shown in Fig. 19). As a result, adhesive applicators 1328 may be configured to apply
adhesive to one or more panels of blank 20 while adhesive applicators 1328 are arranged in
a substantially horizontal orientation (shown in Figs. 23 and 24), thereby reducing the
likelihood of adhesive seeping or leaking back into and clogging adhesive applicators
1328.

[0099] As shown in Fig. 24, adhesive applicator assembly 1326 also
includes adhesive applicator guide rails 1330 configured to maintain alignment of a blank
20 during the adhesive application process and/or as the blank is transferred from the
mandrel pre-fold section 1300 to the mandrel wrap section 1400. Adhesive applicator guide
rails 1330 are positioned adjacent mandrel guide rails 1634, 1636, 1638, and 1640,
adjustable plates 1606 and 1608, and/or miter plates 1610 and 1612, and extend along the
X direction. In operation, adhesive applicator guide rails 1330 engage an exterior surface of

one or more panels of blank 20, thereby maintaining alignment of blank 20 against one or
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more of mandrel guide rails 1634, 1636, 1638, and/or 1640, adjustable plates 1606 and/or
1608, and/or miter plates 1610 and/or 1612, In the example embodiment, adhesive
applicator guide rails 1330 are configured to engage an exterior surface of bottom end
panels 96 and 102, end panels 28 and 36, and top end panels 94 and 104, as blank 20 is
transferred from mandrel pre-fold section 1300 to mandrel wrap section 1400. In additional
and/or alternative embodiments, machine 1000 may include guide rails substantially
identical to guide rails 1330 positioned along mandrel assembly 1600 at any desired
location. For example, in one alterative embodiment, machine 1000 may include guide
rails substantially identical to guide rails 1330 positioned above mandrel guide rails and

configured to engage an exterior surface second side panel 32.

[0100] Figs. 25-43 illustrate various portions and perspectives of mandrel
wrap section 1400, as well as outfeed section 1500 and mandrel assembly 1600. As
discussed above, blanks 20 are received in mandrel wrap section 1400 from mandrel pre-
fold section 1300 by transfer assembly 1304. Mandrel wrap section 1400 is configured to
wrap one or more unfolded portions of blank 20 (generally referred to as a second portion
of blank 20) around second mandrel 1604, and to form a container 200 by securing one or

more panels of blank 20 together.

[0101] Mandre! wrap section 1400 includes second mandrel 1604, a
mandrel retention assembly 1402, a wrapping assembly 1404, a bottom folder assembly

1406, a bottom presser assembly 1408, and an ejection assembly 1410.

[0102] Referring to Figs. 16 and 25-27, second mandrel 1604 has an
external shape complementary to an internal shape of a second portion of container 200
that is formed at mandrel wrap section 1400. More specifically, referring to Fig. 27, second
mandrel 1604 includes a plurality of faces 1660, 1662, 1664, 1666, 1668, 1670, 1672,
1674, and 1676 that substantially correspond to at least some of the panels on blank 20. In
the example embodiment, second mandrel 1604 includes top faces 1660 and 1662 that
substantially correspond to second side panel 32, side faces 1664 and 1666 that
substantially correspond to first end panel 28, bottom faces 1668 and 1670 that
substantially corresponds to first side panel 24, a corner face 1672 that substantially
corresponds to first corner panel 22 and/or glue panel 38, and side faces 1674 and 1676 that

substantially correspond to second end panel 36. Corner face 1672 (interchangeably
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referred to as miter face) extends from bottom face 1670 at an oblique angle. Any of the
mandrel faces can be solid plates, frames, plates including openings defined therein, and/or
any other suitable component that provides a face and/or surface configured to enable a

container to be formed from a blank as described herein.

(0103] In the example embodiment, second mandrel 1604 is a two-piece
mandrel. More specifically, second mandrel 1604 includes two interchangeable mandrel
plates 1678 and 1680 slidably mounted to frame 1002 by a plurality of bolts (not shown).
Mandrel plates 1678 and 1680 define faces 1660, 1662, 1664, 1666, 1668, 1670, 1672,
1674, and 1676 of second mandrel 1604. Specifically, faces 1662, 1664, 1666, 1668 are
defined by mandrel plate 1678, and faces 1660, 1670, 1672, 1674, and 1676 are defined by
mandrel plate 1680. The two-piece construction of second mandrel 1604 facilitates
selectively adjusting the size and/or shape of second mandrel 1604 to accommodate blanks

and containers of varying sizes and/or shapes (e.g., four- ot six-sided containers).

[0104] As shown in Fig. 16, mandrcl guide rails 1634, 1636, 1638, and
1640 are extensions of mandrel plates 1678 and 1680. Thus, faces 1660, 1662, 1664, 1666,
1668, 1670, 1672, 1674, and 1676 of second mandrel 1604 at least partially define faces
1644, 1642, 1646, 1650, 1652, 1654, 1656, 1658, and 1648 of mandrel guide rails 1634,
1636, 1638, and 1640, respectively.

[0105] In the example embodiment, mandrel plates 1678 and 1680 are
constructed from the same low-friction, wear-resistant plastic that miter plates 1610 and
1612 are constructed from to facilitate transferring blanks 20 from first mandrel 1602 to
second mandrel 1604. It is understood, however, that mandrel plates 1678 and 1680 may be

constructed from any suitable material that enables machine 1000 to function as described

herein.

[0106] Referring to Figs. 25 and 28-29, mandrel retention assembly 1402
is configured to secure a blank 20 between second mandrel 1604 and mandrel retention
assembly 1402 while one or more untolded pottions of blank 20 are wrapped around
second mandrel 1604. More specifically, mandrel retention assembly 1402 includes a plate-
over tool 1412 having an interior surface shaped complementary to one or more faces

1660, 1662, 1664, 1666, 1668, 1670, 1672, 1674, and/or 1676 of second mandrel 1604.
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Plate-over tool 1412 is operatively coupled to a linear actuator 1414 configured to move
plate-over tool 1412 from a first, generally raised position (shown in Fig. 28) vertically
downward to a second, generally lowered position (shown in Fig. 29). As shown in Fig. 29,
when plate-over tool 1412 is in the second position, the interior surface of plate-over tool
1412 engages one or more panels of blank 20, and thereby secures blank 20 between
second mandrel 1604 and plate-over tool 1412, In the example embodiment, plate-over tool
1412 includes side locking panels 1490 and 1492 and miter bars 1494 and 1496 (also seen
in Fig. 42) configured to engage first end panel 28 and second end panel 36, and third
corner panel 30 and fourth corner panel 34, respectively. Side locking panels 1490 and
1492 are obliquely angled towards one another such that when plate-over tool 1412 is
moved to the second position, side locking panels 1490 and 1492 press first end panel 28
and second end panel 36 against second mandrel 1604, and cause third corner panel 30 and
fourth corner panel 34 to become aligned with miter bars 1494 and 1496 before miter bars
1494 and 1496 engage third corner panel 30 and fourth corner panel 34. Plate-over tool
1412 is removably coupled within mandrel retention assembly 1402 such that plate-over
tool 1412 may be interchanged with plate-over tools having interior surfaces of different
sizes and/or shapes to accommodate blanks of varying sizes and/or shapes. Further, miter
bars 1494 and 1496 are removably coupled within plate-over tool 1412 such that miter bars
1494 and 1496 may be selectively removed (e.g., when forming a container without corner

or miter panels).

[0107] In operation, plate-over tool 1412 is initially positioned in the first,
raised position as a blank 20 is transferred from mandrel pre-fold section 1300 to mandrel
wrap section 1400. After blank is stopped within mandrel wrap section 1400, linear
actuator 1414 actuates, thereby moving plate-over tool 1412 vertically downward from the
first position to the second position. Plate-over tool 1412 is held in the second position
while a second portion of blank 20 is wrapped around second mandrel 1604 and/or while
container 200 is formed. After the second portion of blank 20 is wrapped around second
mandrel 1604 and before ejector assembly 1410 ejects formed container 200 from mandrel
wrap section 1400 (described below), linear actuator 1414 reverses direction and raises
plate-over tool 1412 from the second position to the first position. In the example
embodiment, plate-over tool 1412 is raised after a manufacturing joint is formed and before

the bottom wall 222 of container 200 is formed.
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[0108] Referring to Figs. 25-26 and 30-37, wrapping assembly 1404 is
positioned adjacent second mandrel 1604, and is configured to wrap one or more unfolded
portions of blank 20 under and/or around second mandrel 1604. Wrapping assembly 1404

includes a fold-under assembly 1416, a glue panel folder assembly 1418, and a glue panel

presser assembly 1420.

[0109] As shown in Figs. 30-31, fold-under assembly 1416 includes a
rotary drive mechanism 1422 and a folding arm 1424 having opposing first and second
ends 1426 and 1428, an engaging bar 1430 disposed at first end 1426, squaring bars 1432
disposed between first and second ends 1426 and 1428, and miter bars 1434 disposed
between first and second ends 1426 and 1428. Folding arm 1424 and rotary drive
mechanism 1422 are configured to wrap a second portion of blank 20 around second
mandrel 1604. More specifically, engaging bar 1430 is configured to contact a second
portion of a partially folded blank 20 to wrap blank 20 about second mandrel 1604 as
folding arm 1424 is rotated by rotary drive mechanism 1422. In the example embodiment,
engaging bar 1430 is configured to contact one or more of first side panel 24 and/or first
corner panel 22. Miter bars 1434 are configured to contact second corner panel 26 to
position second corner panel 26 adjacent and/or against side face 1666 and/or bottom face
1668 of sccond mandrel 1604 as folding arm 1424 is rotated by rotary drive mechanisim
1422. Squaring bar 1432 is configured to contact first end panel 28 adjacent fold line 44 to
facilitate aligning and folding panels 26 and 28 against second mandrel 1604 as the second
portion of blank 20 is wrapped about second mandrel 1604. One or more of folding arm
1424, engaging bar 1430, squaring bar 1432, and/or miter bar 1434 may be detachably
coupled within fold-under assembly 1416 such that the components of fold-under assembly
1416 may be interchanged with other components to accommodate blanks of varying sizes
and/or shapes. Morcover, the position of engaging bar 1430, squaring bar 1432, and/or
miter bar 1434 may be adjusted with respect to one another and/or with respect to ends

1426 and 1428 of folding arm 1424 to accommodate blanks of varying sizes and/or shapes.

[0110] Folding arm 1424 is coupled to rotary drive mechanism 1422 at
second end 1428 such that operation of rotary drive mechanism 1422 causes folding arm
1424 to rotate towards and/or away from bottom faces 1668 of second mandrel 1604. In the

example embodiment, rotary drive mechanism 1422 is a rack-and-pinion drive system
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including a pinion gear 1436 operatively coupled to a rack 1438, which is in turn

operatively coupled to a linear actuator 1440 (e.g., a pneumatic cylinder).

[0111] Fold-under assembly 1416 is mounted to a bi-directional
positioning system 1442 configured to permit manual adjustment of the position of fold-
under assembly 1416 with respect to second mandrel 1604. Bi-directional positioning
system 1442 is configured to permit movement of fold-under assembly 1416 in a plane
substantially perpendicular to the X direction, defined by the transverse direction Y and a
vertical direction indicated by an arrow Z. That is, bi-directional positioning system 1442
permits fold-under assembly 1416 to be moved laterally towards and away from one or
more of side faces 1664, 1666, 1674 and/or 1676, and upwards and downwards with

respect to second mandrel 1604.

[0112] In operation, folding arm 1424 is initially positioned in a first,
generally down position (shown in Figs. 25 and 26). After a blank 20 is positioned on
second mandrel 1604, rotary drive mechanism 1422 activates and rotates folding arm 1424
towards bottom faces 1668 and 1670 of second mandrel 1604 into a second, general up
position (shown in Fig. 32). As folding arm 1424 rotates towards bottom faces 1668 and
1670, engaging bar 1430 contacts the second portion of blank, and folds the second portion
about second mandrel 1604 until one or more panels of blank 20 is adjacent and/or against
a corresponding face of second mandrel 1604. Also, as folding arm 1424 rotates towards
the second position, squaring bar 1432 and miter bar 1434 contact an end panel and a
corner of blank 20, respectively, and position the end panel and corner panel adjacent
and/or against side face 1666 and bottom face 1668 of second mandrel 1604, respectively.
Rotary drive mechanism 1422 then reverses direction and rotates folding arm 1424 back
into the first position to repeat the fold-under process for subsequent blanks 20. In the
example embodiment, folding arm 1424 is held in the second position while a
manufacturing joint is formed by glue panel folder assembly 1418 and glue panel presser

assembly 1420, described in more detail below.

[0113] In the example embodiment, folding arm 1424 also includes a
stopper 1488. Stopper 1488 is configured to stop motion of blank 20 in the X direction
resulting from operation of transfer assembly 1304. More specifically, stopper 1488 is

configured to engage a leading edge 128 (shown in Fig. 1) of one or more bottom panels
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62, 68, 96 and/or 102 to stop motion of blank 20 in the X direction. Stopper 1488 is
positioned adjacent mandrel wrap section 1400 such that blank 20 is stopped within
mandrel wrap section 1400, In the example embodiment, stopper 1488 is a stationary bar.
Stopper 1488 is configured to engage a leading edge 128 of a panel, such as first bottom
side panel 62, that is subsequently wrapped around second mandrel 1604 such that stopper
1488 does not impede motion of blank 20 in the X direction after blank 20 is wrapped
around second mandrel 1604 in mandrel wrap section 1400. In alternative embodiments,
stopper 1488 may be retractable from a first, extended position to a second, retracted
position, In such embodiments, stopper 1488 may be initially positioned in the first,
extended position to stop a blank 20 as blank 20 moves in the X direction. Once stopper
1488 stops blank 20, stopper may be retracted to the second, retracted position to permit
blank 20 to move in the X direction after blank 20 is wrapped around second mandrel 1604
in the mandrel wrap section 1400. In yet further alternative embodiments, stopper 1488
may be operable to move between the first position and the second position by any suitable
means (e.g., rotation) that enables stopper 1488 to function as described herein. In vet
further alternative embodiments, stopper 1488 may be included within transfer assembly
1304.

[0114] Rcferring to Figs. 25-26 and 33-37, gluc pancl folder asscmbly
1418 and glue panel presser assembly 1420 are configured to fold a second portion of
blank 20 about second mandrel 1604, and form a manufacturer’s joint of container 200.
Thus, glue panel folder assembly 1418 and glue panel presser assembly 1420 are
positioned opposite fold-under assembly 1416 with respect to second mandrel 1604. In the
example embodiment, glue panel folder assembly 1418 and glue panel presser assembly

1420 are positioned adjacent corner face 1672 of second mandrel 1604.

[0115] Glue panel folder assembly 1418 includes an angled plate 1444
having a face 1446 substantially parallel to comer face 1672 of second mandrel 1604.
Angled plate 1444 is operatively coupled to a linear actuator 1448 via mounting plate 1450
that moves angled plate 1444 toward and away from second mandrel 1604. Angled plate
1444 is configured to contact and/or fold glue panel 38 during formation of container 200.
In the example embodiment, angled plate 1444 is configured to rotate glue panel 38 about

fold line 54 towards and/or into contact with corner face 1672. Glue panel presser assembly
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1420 includes a presser plate 1452 having a pressing surface 1454 substantially parallel to
corner face 1672 of second mandrel 1604. Presser plate 1452 is coupled to a linear actuator
1456 via a mounting plate 1458 that moves presser plate 1452 toward and away from
second mandrel 1604. Presser plate 1452 is configured to contact and/or fold first corner
panel 22 and/or glue panel 38 to form container 200. In the example embodiment, presser
plate 1452 is configured to press first corner panel 22 and glue panel 38 together against
comner face 1672 of second mandrel 1604 to form a manufacturing joint at first corner wall
204 of container 200.

[0116] Glue panel folder assembly 1418 and glue panel presser assembly
1420 are each adjustably coupled to a rail system 1460 such that glue panel folder
assembly 1418 and glue panel presser assembly 1420 can be adjusted in the vertical

direction Z to accommodate blanks having different sizes and/or shapes.

[0117] In operation, angled plate 1444 and presser plate 1452 are each
initially positioned in a respective first position (shown in Fig. 35). As folding arm 1424 is
rotated by rotary drive mechanism 1422 and the second portion of blank 20 is folded about
second mandrel 1604, linear actuator 1448 moves angled plate 1444 from the first position
towards corner face 1672 of second mandrel 1604 and into a second position (shown in
Fig. 36). As angled plate 1444 moves towards the second position, angled face 1446
contacts a comer panel of blank 20 and positions the corner panel adjacent and/or in
contact with corner face 1672. In the example embodiment, angled plate 1444 contacts and

folds first corner panel 22 around second mandrel 1604 about fold line 40.

[0118) While angled plate 1444 is in the second position, linear actuator
1456 activates and begins moving presser plate 1452 from the first position towards corner
face 1672 of second mandrel 1604 and into a second position (shown in Fig. 37). As
presser plate 1452 moves toward the second position, linear actuator 1448 reverses
direction and moves angled plate 1444 from the second position back into the first position.
Also, as presser plate 1452 moves toward the second position, pfesser plate 1452 contacts a
corner panel of blank 20 and presses the corner panel together with another corner panel of

blank 20 against corner face 1672 of second mandrel 1604.
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f0119] In the example embodiment, presser plate 1452 contacts and folds
glue panel 38 around second mandrel 1604 about fold line 54. Presser plate 1452 presses
first corner panel 22 and glue panel 38 together against corner face 1672 of second mandrel
1604. Presser plate 1452 is held against panels 22 and 38 for a predetermined time period
and/or duration to ensure that adhesive bonds panels 22 and 38 together. Accordingly, fold-
under assembly 1416, glue panel folder assembly 1418, and glue panel presser assembly

1420 cooperate to fold blank 20 along fold lines 40, 42, 44, and 54 to form container 200.

[0120] Referring to Figs. 25-26 and 35-40, bottom folder assembly 1406 is
positioned downstream from second mandrel 1604, and is configured to fold one or more
bottom panels 62, 68, 96 and/or 102 of blank 20 about second mandrel 1604. Bottom folder
assembly 1406 includes a pair of side panel bullet arms 1462 and 1464 configured to fold a
bottom side panel 62 or 68 of blank 20 about second mandrel 1604, and a pair of end panel
bullet arms 1466 and 1468 configured to fold bottom end panels 96 and 102 of blank 20

about second mandrel 1604, respectively.

[0121] As shown in Figs. 38-39, each side panel bullet arm 1462 and 1464
includes a tip 1470 and a shaft 1472 operatively coupled to a linear actuator 1474. Side
panel bullet arms 1462 and 1464 are obliquely angled with respect to bottom faces 1668
and 1670 of second mandrel 1604 such that operation of linear actuators 1474 causes tips
1470 to move towards second mandrel 1604 and fold a bottom side panel 62 or 68 around
second mandrel 1604 about fold line 66 or 72. In the example embodiment, side panel
bullet arms 1462 and 1464 are configured to fold first bottom side panel 62 about fold line
66.

[0122) Each end pane! bullet arm 1466 and 1468 includes a tip 1470 and a
shaft 1472 similar to tips 1470 and shafts 1472 of side panel bullet arms 1462 and 1464.
Shafts 1472 of end panel bullet arms 1466 and 1468 are operatively coupled to linear
actuators 1476 and 1478, respectively. End panel bullet arms 1466 and 1468 are obliquely
angled with respect to side faces 1664, 1666, 1674, and 1676 of second mandrel 1604.
Further, end panel bullet arms 1466 and 1468 are angled with respect to one another such
that operation of linear actuator 1476 causes tip 1470 of end panel bullet arm 1466 to move
towards second mandrel 1604 and fold bottom end panel 96 around second mandrel 1604

about fold line 100, and operation of linear actuator 1478 causes tip 1470 of end panel
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bullet arm 1468 to move towards second mandrel 1604 and fold bottom end panel 102

around second mandrel 1604 about fold line 106.

[0123] Referring to Figs. 25-26 and 40-42, bottom presser assembly 1408
is positioned above second mandrel 1604, and is configured to form bottom wall of
container 200. More specifically, bottom presser assembly 1408 includes an upper plate
1480 configured to press bottom panels 62, 68, 96, and/or 102 together to form bottom wall
222 of container 200. Upper plate 1480 is pivotably mounted to a linear actuator 1482, the
operation of which causes upper plate 1480 to rotate between a first, generally flat position
(shown in Fig. 40) and a second, generally vertical position (shown in Fig. 42). Upper plate
1480 is configured to lay flat in the first position and rotate toward second mandrel 1604 to
the second position. When upper plate 1480 is in the first position, container 200 can be
gjected from second mandrel 1604 beneath upper plate 1480 to outfeed section 1500,
described in more detail below. When upper plate 1480 is in the second position, upper

plate 1480 compresses bottom panels 62, 68, 96, and/or 102 together.

[0124] As upper plate 1480 rotates toward the second position, upper plate
1480 contacts one or more of bottom panels 62, 68, 96, and 102 of blank 20, and presses
bottom panels 62, 68, 96, and 102 of blank 20 together to form bottom wall 222 of
container 200. In the example embodiment, upper plate also folds first and second bottom
side panels 62 and 68 about fold lines 66 and 72, respectively, as upper plate 1480 moves
from the first position to the second position. In the example embodiment, upper plate 1480
includes separate plate sections which may be interchanged with other plate sections to

accommodate blanks having different sizes and/or shapes.

[0125] To facilitate adjusting and interchanging elements of second
mandrel asscmbly 1604, and cleaning and/or clearing debris from machine 1000, mandrcl
retention assembly 1402 and bottom presser assembly 1408 are operatively mounted to a
linear actuator 1498 (shown in Figs. 41 and 43) configured to raise and lower both mandrel
retention assembly 1402 and bottom presser assembly 1408. Specifically, mandrel retention
assembly 1402 and bottom presser assembly 1408 may be raised from a lowered,
operational position to a raised, standby position using linear actuator 1498 such that a user
(not shown) may access second mandrel 1604 to adjust and/or interchange components of

second mandrel 1604, and clean and/or clear debris from machine 1000. A locking pin (not
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shown) may also be provided to secure mandrel retention assembly 1402 and bottom

presser assembly 1408 in the raised, standby position.

[0126] In the example embodiment, bottom folder assembly 1406 and
bottom presser assembly 1408 are illustrated as two separate assemblies. In alternative
embodiments, bottom folder assembly 1406 and bottom presser assembly 1408 may be
integrated into a single bottom forming assembly (not shown) that is configured to perform
all of the functions and operations of bottom folder assembly 1406 and bottom presser
assembly 1408.

[0127] Ejection assembly 1410 includes an ejection plate 1484 moveable
from a first position within second mandrel 1604 (shown in Fig. 40) to a second, generally
extended position downstream from second mandrel 1604 (shown in Fig. 43). When
ejection plate 1484 is at the first position, bottom folder assembly 1406 and bottom presser
assembly 1408 fold and/or press bottom panels 62, 68, 96, and/or 102 against ejection plate
1484 to form bottom wall 222 of container 200. When cjection platc 1484 is at the sccond
position, container 200 is removed from second mandrel 1604. In the example
embodiment, ejection plate 1484 is positioned within the second mandrel 1604, and is
operatively coupled to a linear actuator 1486 (shown in Fig. 16) positioned within mandrel

assembly 1600 upstream from ejection plate 1484.

[0128] Referring to Figs. 25, 38-40, and 42-43, outfeed section 1500
includes a conveyor assembly 1502 that moves containers 200 from mandrel wrap section
1400 toward a product load section (not shown). More specifically, conveyor assembly
1502 includes a plurality of conveyor belts 1504 positioned downstream from mandrel
wrap section 1400 such that ejection plate 1484 is above conveyor belts 1504 when
gjection plate 1484 is at its second position. Outfeed section 1500 facilitates discharging a
formed container 200 from machine 1000. Conveyor belts 1504 are slidably mounted to
rails 1506 such that conveyor belts 1504 may be adjusted in the transverse direction Y to
accommodate blanks and containers of varying sizes and/or shapes. In the example
embodiment, end panel bullet arms 1466 and 1468 are also slidably mounted on rails 1506
such that end panel bullet arms 1466 and 1468 may be adjusted in the transverse direction
Y to accommodate blanks and containers of varying sizes and/or shapes. Further, rails 1506

are slidably mounted on a rail system 1510 such that rails 1506 may be sclectively adjusted
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in the vertical direction Z. As a result, the entire conveyor assembly 1502 as well as end
panel bullet arms 1466 and 1468 may be adjusted in the vertical direction to accommodate

blanks and containers of varying sizes and/or shapes.

[0129] In the example embodiment, conveyor assembly 1502 is
operatively coupled to a drive mechanism 1508 configured to continuously drive conveyor
belts 1504 while machine 1000 is forming containers 200. In alternative embodiments,
conveyor assembly 1502 may include a servomechanism (not shown) configured to remove
container 200 from machine 1000 at a predetermined speed and timing. In such
embodiments, conveyor assembly 1502 may be servo-controlled in synchronism with
ejection plate 1484 such that conveyor belts 1504 are only activated when container 200 is

being ejected from mandrel wrap section 1400.

[0130] As used herein, the term linear actuator refers to any actuator
configured to provide a linear driving force to a member coupled thereto. In the example
embodiment, each linear actuator 1112, 1204, 1312, 1320, 1414, 1440, 1448, 1456, 1474,
1476, 1478, 1482, 1486, and 1498 is a pneumatic cylinder actuated by compressed air.
While linear actuators 1112, 1204, 1312, 1320, 1414, 1440, 1448, 1456, 1474, 1476, 1478,
1482, 1486, and 1498 are described herein with reference to pneumatic cylinders, it is
understood that any linear actuator configured to provide a suitable linear driving force
may be utilized as one or more of linear actuators 1112, 1204, 1312, 1320, 1414, 1440,
1448, 1456, 1474, 1476, 1478, 1482, 1486, and/or 1498 such as mechanical actuators,

hydraulic actuators, and the like.

[0131] During operation of machine 1000 to form container 200, blank 20
is positioned over first mandrel 1602 by pick-and-place assembly 1202. Referring to Figs.
11, 15, and 19, when blank 20 is positioned on top of first mandrel 1602, folding fingers
1306 and 1308 of pre-folding assembly 1302 are rotated from the first position downward
relative to blank 20 to the second position by linear actuator 1312. In the example
embodiment, folding fingers 1306 and 1308 fold first and second end panels 28 and 36
downward about fold lines 42 and/or 48 and 50 and/or 52, respectively, to be adjacent to
and/or in contact with side faces 1618 and 1620 of miter plates 1610 and 1612 and/or side
faces 1626 and 1628 of adjustable plates 1606 and 1608, respectively. Folding first and

second end panels 28 and 36 also causes third corner panel 30 and fourth corner panel 34 to
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be folded downward about fold lines 48 and 50, respectively, to be adjacent to and/or in
contact with angled faces 1614 and 1616 of miter plates 1610 and 1612.

[0132] Transfer assembly 1304 facilitates transfer of partially formed
container 200 from mandrel pre-fold section 1300 to mandrel wrap section 1400. More
specifically, pusher foot 1322 engages a trailing edge 126 of blank 20 and pushes blank 20
toward mandrel wrap section 1400 along mandrel guide rails 1634, 1636, 1638, and/or
1640. As described above, folding fingers 1306 and 1308 of pre-folding assembly 1302 are
held in the second position to facilitate maintaining the alignment of partially formed
container 200 as it is transferred from mandrel pre-fold section 1300 to mandrel wrap

section 1400,

[0133] As blank 20 is transferred from mandrel pre-fold section 1300 to
mandre]l wrap section 1400, adhesive applicator assembly 1326 applies adhesive to one or
more panels of blank 20. In the example embodiment, adhesive applicator assembly 1326

applies adhesive to an exterior surface of bottom end panels 96 and 102, and glue panel 38.

[0134] Blank 20 arrives at the mandrel wrap section 1400 as a partially
formed container 200. Stopper 1488 facilitates positioning blank 20 within mandrel wrap
section 1400 by preventing blank 20 from being pushed by transfer assembly 1304 (oo far
downstream in the X direction. A leading edge 128 of blank 20 contacts stopper 1488,
which stops further progress of blank 20 in the X direction.

[0135] Referring to Figs. 28-29, once blank 20 is positioned adjacent
second mandrel 1604, plate-over tool 1412 is lowered downwardly relative to blank 20 by
linear actuator 1414 to maintain the position and/or alignment of blank 20 while one or
more remaining portions of blank 20 are wrapped around second mandrel 1604. In the
example embodiment, plate-over tool 1412 engages first end panel 28, second side panel

32, and second end panel 36.

[0136] Referring to Figs. 26 and 32, folding arm 1424 of fold-under
assembly 1416 wraps the second portion of blank 20 around second mandrel 1604. More
specifically, folding arm 1424 is rotated such that engaging bar 1430, squaring bar 1432,
and miter bar 1434 wrap the second portion of blank 20 around second mandrel 1604.
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Engaging bar 1430 folds first side panel 24 towards bottom faces 1668 and 1670 of second
mandrel 1604 about fold lines 42 and/or 44 such that first side panel 24 is in face-to-face
contact with bottom faces 1668 and/or 1670 of second mandrel 1604. Squaring bar 1432
and miter bar 1434 and position blank 20 in face-to-face contact with side face 1666 of
second mandrel 1604 at panels 26 and/or 28. Referring to Figs. 35-37, as folding arm 1424
is rotated from the first position to the second position, glue panel folder assembly 1418 is
moved towards glue panel 38 to fold glue panel 38 about fold line 54 toward corner face
1672 of second mandrel 1604. In the example embodiment, glue panel folder assembly
1418 folds glue panel 38 in face-to-face contact with corner face 1672 of second mandrel
1604. During and/or after folding of glue panel 38 by glue panel folder assembly 1418,
glue panel presser assembly 1420 is moved towards first corner panel 22 and/or glue panel
38, and presses first corner panel 22 and glue panel 38 together to form a manufacturer’s
joint of container 200. Presser plate 1452 of glue panel presser assembly 1420 is held
against panels 22 and 38 for a predetermined time period and/or duration to ensure that
adhesive honds panels 22 and 38 together. In the example emhodiment, glue panel presser
assembly 1420 also folds first corner panel 22 about fold line 40 toward comer face 1672
of second mandrel 1604. Accordingly, fold-under assembly 1416, glue panel folder
assembly 1418, and glue panel presser assembly 1420 cooperate to fold blank 20 along fold
lines 40, 42, 44, and 54 to form container 200.

[0137] Referring to Figs. 35-37, 40 and 42, before and/or during rotation
of folding arm 1424 from the first position to the second position, bottom folder assembly
1406 rotates bottom panels 62, 96, and 102 about fold lines 66, 100, and 106, respectively.
More specifically, tips 1470 of end panel bullet arms 1466 and 1468 fold first and second
end panels 96 and 102 about fold lines 100 and 106, respectively, to be in face-to-face
contact with ejection plate 1484, and tips 1470 of side panel bullet arms 1462 and 1464
fold first bottom side panel 62 about fold line 66 towards ejection plate 1484 to be adjacent
to and/or in contact with ejection plate 1484. After bottom panels 62, 96, and 102 are
folded a desired or predetermined distance, upper plate 1480 of bottom presser assembly
1408 rotates downward and folds second bottom side panel 68 against bottom panels 62,
96, and/or 102 and/or ejection plate 1484. Upper plate 1480 presses panels 62, 68, 96,
and/or 102 against ejection plate 1484 for a predetermined period and/or duration of time to

ensure that adhesive bonds panels 62, 68, 96, and/or 102 together. In the illustrated
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embodiment, side panel bullet arms 1462 and 1464 are retracted as upper plate 1480 is
rotated downwards so as to avoid contact between bullet arms 1462 and 1464 and upper
plate 1480. In alternative embodiments, upper plate 1480 may have notches or cutouts (not
shown) defined therein comresponding to bullet arms 1462 and 1464 such that bullet arms
1462 and 1464 may be held in the second position while upper plate 1480 rotates

downward and presses panels 62, 68, 96, and/or 102 against ejection plate 1484,

[0138] Referring to Figs. 42-43, ejection assembly 1410 facilitates
removal of formed container 200 from mandrel wrap section 1400 to outfeed section 1500.
More specifically, ejection plate 1484 applies a force to bottom wall 222 of container 200
to remove container 200 from mandrel assembly 1600. In the example embodiment,
gjection plate 1484 is at a first position within and/or adjacent to second mandrel 1604
during formation of container 200. To remove container 200, ejection plate 1484 is moved
to a second position adjacent outfeed section 1500. As ejection plate 1484 is moved,
container 200 is moved toward outfeed section 1500. At outfeed section 1500 container
200 is conveyed downstream from machine 1000 for loading and/or top wall formation by
conveyor assembly 1502. For example, after container 200 is formed and a product is
placed inside container 200, top panels 60, 70, 84, and 104 are closed to form top wall 224
for shipping of the product.

[0139] In alternative embodiments, machine 1000, sections 1100, 1200,
1300, 1400, and 1500, and assemblies, subassemblies, and components thereof may be
configured to form a container by folding a blank up and around a mandrel assembly,
rather than down and around a mandrel assembly. For example, in one particular
alternative embodiment, pre-folding assembly 1302 may be positioned beneath mandrel
assembly 1600, and configured to fold a blank 20 up and around mandrel assembly 1600.
Further, mandrel assembly 1600 may be oriented at 180 degrees with respect to the
orientation shown in Fig. 16 such that miter plates 1610 and 1612 are mounted to a bottom
of adjustable plates 1606 and 1608. Further, machine 1000 may include additional guide
rails positioned bencath mandrel assembly 1600 configured to have a blank 20 placed
thereon and slid along the guide rails in the container forming direction X. Such guide rails
may have a construction and/or a configuration substantially similar to mandrel guide rails

1634, 1636, 1638, and/or 1640. Further, in such an embodiment, mandrel retention
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assembly 1402 may be positioned below mandrel assembly 1600, and plate-over tool 1412
may be configured to be raised, rather than lowered, to secure a blank against second
mandrel 1604 while the blank is wrapped around second mandrel 1604 to form a container.
Further, wrapping assembly 1404 may be positioned above mandrel assembly 1600, and
folding arm 1424 of fold-under assembly 1416 may be configured to rotate downwards,
rather than upwards, to fold a portion of a blank around mandrel assembly 1600. Further,
bottom presser assembly 1408 may be positioned below mandrel assembly 1600, and upper
plate 1480 (better described as a lower plate in such an embodiment) may be configured to
rotate upwards towards ejection plate 1484 to press panels 62, 68, 96, and/or 102 against
ejection plate 1484 to form a bottom wail of a container. Further, in such an embodiment,
blanks 20 may be loaded into magazine feed section 1100 in a substantially horizontal
orientation, substantially similar to the orientation of blank 20 when placed on first mandrel
1602 by vacuum transfer section 1200 (shown in Fig. 15). Blanks 20 may be fed directly
into pre-fold section 1300 by magazine feed section 1100 by sliding a blank 20 along the
additional guide rails (not shown) positioned beneath mandrel assembly 1600 using
magazine drives 1102 and 1104. Thus, in such an embodiment, vacuum transfer section
1200 may be omitted from machine 1000. Further, in such an embodiment, pre-fold section
1300 may include a stopper substantially similar to stopper 1488 configured to stop a blank
20 within pre-fold section 1300.

[0140] In contrast to at least some known container forming machines, in
the methods and machine described herein, blanks are placed above and/or on top of one or
more mandrels during the folding and/or wrapping methods described herein. As a result,
the blank may be wrapped around the mandrel without lifting or moving the blank out of
the plane in which it is initially placed on the mandrel. Thus, no complex lift mechanisms
are needed to form a container from the blank using the methods and machine described
herein. Further, in the methods and machines described herein, blanks are pre-folded
around a first mandrel and subsequently wrapped around a second mandrel downstream
from the first mandrel. Because the container is formed at multiple mandrels, simple linear
actuators, as opposed to complex servomechanisms and control systems, may be utilized to
form containers from blanks. As a result, the overall footprint and cost of the machine may

be reduced as compared to known container forming machines.
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[0141] Example embodiments of containers formed from blanks and a
machine for making the same are described above in detail. The container, blank, and
machine are not limited to the specific embodiments described herein, but rather,
components of the blanks, containers, and/or machine may be utilized independently and

separately from other components and/or steps described herein.

[0142] Although specific features of various embodiments of the
disclosure may be shown in some drawings and not in others, this is for convenience only.
In accordance with the principles of the disclosure, any feature of a drawing may be

referenced and/or claimed in combination with any feature of any other drawing.

[0143] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims, and
may include other exarnples that oceur o those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal language of the claims.
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WHAT IS CLAIMED IS:

1. A machine for forming a container from a blank of sheet material, the
machine having an upstream end at which the blank is loaded and a downstream end at
which the container is discharged, said machine comprising:

a frame;

a mandrel assembly mounted to the frame, the mandrel assembly
comprising:

a first mandrel having an external shape similar to an internal shape
of at least a first portion of the container; and

a second mandrel positioned downstream from the first mandrel, the
second mandrel having an external shape similar to an internal shape of at least a second
portion of the container;

a pre-folding assembly configured to fold a first portion of the blank
around the first mandrel to form a partially formed container, the first portion of the blank
corresponding to the first portion of the container, the first portion of the blank comprising
a first planar panel and a plurality of additional planar panels, wherein the first mandrel is
configured to contact the first panel before the second mandrel contacts the first panel, the
pre-folding assembly being configured so that, during folding of the first portion of the
blank around the first mandrel, the first panel is maintained unrotated and none of the
plurality of additional planar panels rotates more than 90 degrees relative to the first panel
of the blank; and

a transfer assembly for transferring the partially formed container

from the first mandrel to the second mandrel.

2. The machine in accordance with Claim 1 wherein the mandrel assembly
further comprises: mandrel guide rails extending between the first mandrel and the second
mandrel, the mandrel guide rails configured to facilitate transporting the partially formed

container from the first mandrel to the second mandrel.

3. The machine in accordance with Claim 2, wherein the transfer assembly
comprises: a pusher foot operatively coupled to a linear actuator, the pusher foot
configured to engage the partially formed container and push the partially formed
container along the mandrel guide rails to transfer the partially formed container from the

first mandrel to the second mandrel.
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4. The machine in accordance with Claim 2 or Claim 3, wherein the second
mandrel comprises: a plurality of faces, each face corresponding to at least one panel of a
second portion of the blank corresponding to the second portion of the container, at Ieast
two of the faces of the second mandrel at least partially aligned with the mandrel guide

rails.

5. The machine in accordance with any one of Claims 2 to 4, wherein the
blank is in a first plane when initially placed on the first mandrel, and wherein the pre-
folding assembly comprises: folding rods adapted to rotate the plurality of additional
planar panels from the first portion of the blank around the first mandrel, wherein a top
surface of the first mandrel is coplanar with a top surface of the mandrel guide rails such
that the partially formed container is transported along the mandrel guide rails in the first
plane, the folding rods further adapted to maintain alignment of the partially formed
container as the partially formed container is transferred from the first mandrel to the

second mandrel.

6. The machine in accordance with Claim 1, further comprising: a wrapping
assembly configured to wrap a second portion of the blank around the second mandrel, the

second portion of the blank corresponding to the second portion of the container.

7. The machine in accordance with Claim 6, wherein the wrapping assembly
comprises: a folding arm rotatably coupled to the frame, the folding arm configured to

rotate upwardly towards a bottom face of the second mandrel.

8. The machine in accordance with any one of claims 1 to 7, further
comprising: an ¢jection assembly coupled to the second mandrel, the ejection assembly

configured to ¢ject the container from the second mandrel.

9. The machine in accordance with any one of Claims 1 to 8, wherein the first
mandrel comprises: adjustable plates configured to move relative to one another in a

transverse direction for receiving blanks of different sizes and shapes.

10. The machine in accordance with Claim 9, wherein the first mandrel further
comprises: miter plates detachably mounted to the adjustable plates, the miter plates at
least partially providing a plurality of faces of the first mandrel, each face corresponding

to at least one panel of the first portion of the blank.
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11. The machine in accordance with any one of Claims 1 to 10, further
comprising: a pick-and-place assembly configured to place the blank on top of the first

mandrel in a horizontal position.

12. The machine in accordance with any one of Claims 1 to 11, further
comprising: an adhesive applicator assembly mounted to the frame between the first
mandrel and the second mandrel, the adhesive applicator assembly including an adhesive
dispenser positioned in a horizontal orientation, the adhesive applicator assembly

configured to apply adhesive to at least one of a corner panel and a glue panel of the blank.

13. A machine for forming a container from a blank of sheet material, the
machine having an upstream end at which the blank is loaded and a downstream end at
which the container is discharged, said machine comprising:

a frame;

a mandrel assembly mounted to the frame, the mandrel assembly
comprising:

a first mandrel having an external shape similar to an internal shape
of at least a first portion of the container;

a second mandrel positioned downstream from the first mandrel, the
second mandrel having an external shape similar to an internal shape of at least a second
portion of the container; and

mandrel guide rails extending between the first mandrel and the
second mandrel;

a pre-folding assembly configured to fold a first portion of the blank
around the first mandrel to form a partially formed container, the first portion of the blank
corresponding to the first portion of the container, the first portion of the blank comprising
a first planar panel and a plurality of additional planar panels, wherein the first mandrel is
configured to contact the first panel before the second mandrel contacts the first panel, the
pre-folding assembly being configured so that, during folding of the first portion of the
blank around the first mandrel, the first panel is maintained unrotated and none of the
plurality of additional planar panels rotates more than 90 degrees relative to the first panel
of the blank;

a transfer assembly configured to transfer the partially formed

container from the first mandrel to the second mandrel along the mandrel guide rails; and
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a wrapping assembly configured to wrap a second portion of the
blank around the second mandrel, the second portion of the blank corresponding to the

second portion of the container.

14. The machine in accordance with Claim 13, wherein the second mandrel
comprises: a plurality of faces, each face corresponding to at least one side panel of the
container, at least two of the faces of the second mandrel aligned with the mandrel guide

rails.

15. The machine in accordance with Claim 13 or Claim 14, wherein the first
mandrel comprises: adjustable plates operatively coupled to an adjustment device

configured to adjust a lateral distance between the adjustable plates.

16. The machine in accordance with Claim 15, wherein the first mandrel
further comprises: miter plates removably mounted to the adjustable plates, the miter
plates providing a plurality of faces of the first mandrel, each of the miter plates
corresponding to at least one panel of the first portion of the blank.

17. A method of forming a container from a blank assembly using a machine,
the blank assembly including a tray blank coupled to a lid blank, the tray blank defining a
tray portion of the container, the lid blank defining a lid portion of the container that is
separable from the tray portion of the container, the machine including a mandrel assembly
having a first mandrel and a second mandrel positioned downstream from the first mandrel,

the method comprising:

folding, using a pre-folding assembly, a first portion of the blank assembly
comprising a first planar panel and a plurality of additional planar panels about at least a
first face of the first mandrel to form a partially formed container such that the first panel is
maintained unrotated and none of the plurality of additional planar pancls rotates more than

90 degrees relative to the first panel of the blank;

transferring, using a transfer assembly, the partially formed container from
the first mandrel to the second mandrel along a pair of guide rails extending between the

first mandrel and the second mandrel;

Date Regue/Date Received 2021-05-10



10

15

20

25

44

wrapping a second portion of the blank assembly about at least a first face of
the second mandrel to form the container, wherein the first face of the second mandrel

opposes the first face of the first mandrel with respect to a vertical direction; and
¢jecting the container from the second mandrel.

18. The method of Claim 17, wherein folding the first portion of the blank

assembly further comprises:

rotating a pre-folding assembly from a first position to a second position, the
pre-folding assembly including folding rods and a tray panel folder, wherein the folding
rods are configured to contact and rotate lid side panels about the first mandrel, and the tray

panel folder is configured to contact and rotate a tray side panel about the first mandrel; and

holding the folding rods and the tray panel folder in the second position while
the partially formed container is transferred from the first mandrel to the second mandrel to

maintain alignment of the partially formed container.

19. The method of Claim 17, wherein folding the first portion of the blank

assembly further comprises:

folding at least a first lid side panel of the lid blank and an opposing second
lid side panel of the lid blank into face-to-face contact with opposing side faces of the first

mandrel; and

folding at least a first tray side panel into face-to-face contact with the first

lid side panel.

20. The method of Claim 19, wherein wrapping a second portion of the blank
assembly further comprises folding a third lid side panel of the lid blank into face-to-face

contact with the first face of the second mandrel.

21. The method of any one of Claims 17 to 20, wherein transferring the partially
formed container further comprises using a pusher foot that extends through the first face of
the first mandrel to transfer the partially formed container along the pair of guide rails from

the first mandrel to the second mandrel.
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22. The method of any one of Claim 17 to 21, further comprising applying
adhesive to the partially formed container as the partially formed container is transferred

from the first mandrel to the second mandrel.

23. The method of Claim 22, wherein applying adhesive to the partially formed
container further comprises applying the adhesive using adhesive applicators arranged in a

substantially horizontal orientation.

24, The method of Claim 17, wherein wrapping the second portion of the blank
assembly about the first face of the second mandrel further comprises engaging the first
portion of the blank assembly against an opposing second face of the second mandrel during

said wrapping.

25. The method of Claim 24, wherein engaging the first portion of the blank

assembly comprises lowering a plate-over tool into engagement with the blank assembly.

26. The method of any one of Claim 17 to 25, wherein transferring the partially
formed container from the first mandrel to the second mandrel comprises transferring the
partially formed container in a blank transfer direction into engagement with a stopper that

impedes further motion of the partially formed container in the blank transfer direction.

27. The method of Claim 26, wherein ¢jecting the container from the second
mandrel comprises advancing the container past the stopper, which does not impede motion

of the container in the blank transfer direction.

28. The method of Claim 17, wherein the blank assembly includes a plurality of
panels, wherein folding the first portion of the blank assembly about the first face of the first
mandrel comprises folding a first subset of a plurality of panels downward with respect to

the vertical direction.

29. The method of Claim 28, wherein wrapping the second portion of the blank
assembly about the first face of the second mandrel comprises folding a second subset of

the plurality of panels upward with respect to the vertical direction.
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30. The method of Claim 17, further comprising:

folding a third portion of the blank assembly against a second face of the
second mandrel to form a bottom surface of the container, wherein the second face of the

second mandrel is orthogonal to the first face of the second mandrel.

31. The method of Claim 30, wherein folding the third portion of the blank
assembly against the second face of the second mandrel comprises rotating a plurality of

bottom panels against an ejection plate of the second mandrel, and

wherein ¢jection the container from the second mandrel comprises advancing
the ejection plate in a blank transfer direction to disengage the container from at least the

first face of the second mandrel.

32. A method of forming a container from a blank assembly using a machine,
the blank assembly including a tray blank coupled to a lid blank, the machine including a
mandrel assembly having a first mandrel and a second mandrel positioned downstream from

the first mandrel, the method comprising:

folding, using a pre-folding assembly, a first portion of the blank assembly
comprising a first planar panel and a plurality of additional planar panels downwardly and
around the first mandrel such that the first panel is maintained unrotated and none of the
plurality of additional planar panels rotates more than 90 degrees relative to the first panel

of the blank;

transferring the partially formed container from the first mandrel to the

second mandrel;

wrapping a second portion of the blank assembly upwardly and around the

second mandrel; and
¢jecting the container from the second mandrel.

33. The method of Claim 32, further comprising applying adhesive to the
partially formed container as the partially formed container is transferred from the first

mandrel to the second mandrel.
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34, The method of Claim 33, wherein applying adhesive to the partially formed
container further comprises applying the adhesive using adhesive applicators arranged in a

substantially horizontal orientation.

35. The method of any one of Claims 32 to 34, whercin wrapping the second
portion of the blank assembly upwardly and around the second mandrel further comprises
engaging the first portion of the blank assembly against a top face of the second mandrel

during said wrapping.

36. The method of Claim 35, wherein engaging the first portion of the blank

assembly comprises lowering a plate-over tool into engagement with the blank assembly.
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