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CUP FEED MECHANISM FOR VERTICAL BODYMAKER

CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of U.S. Provisional Patent Application
Serial No. 61/776,883, filed March 12, 2013, emtttled CUP FEED MECHANISM
FOR VERTICAL BODYMAKER which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The disclosed concept relates generally a can bodymaker and, more
specifically, to a cup feed mechanisio for a bodymaker utilizing g vertically

reCIprocation rant.

Backaround Information

Cienerally, a can, such as but not himited to an aluminum can or steel can,
begins as a sheet of metal from which a curealar blank 1s cut. Hereinafter the can will
be described as being made from aluminum, but it 15 understood that the selection of
ntaterial i3 not limting upon the claims. The blank is formed nto a “cup.”™  As used
herein, a “cup” includes a bottom and a depending sidewall. Further, while cups and
the resulting can bodies may have any cross-sectional shape, the most commaon cross-
sectional shape is generally cironlar. Accordingly, while it is understood that the cups
and the resulting can bodies mav have any cross-sectional shape, the following
description shall describe the cups, can bodies, punches, ete. as being generally
circular,

The cup s fed mnto a bodymaker inchuding a reciprocating ram and a number
of dies. The elongated ram mcludes a puach at the distal end. A cup is disposed on
the punch and passed through the dies which thin and elongated the cup. That 1s, on
each forward stroke of the ram, a cup is imtially positioned in front of the ram. The
cup 1s disposed over the forward end of the ram, and more specifically on the punch
located at the front end of the ram. The cup is then passed through the dies which
further form the cap iato a can body. The fust die is the redraw die. That is, a cup
has a diameter that is greater than the resulting can. A redraw die reshapes the cup s0
that the cup has a digmeter gevnerally the same as the resoliing can body. The redraw

die does not effectively thin the thickness of the cup sidewall. After passing through
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the redraw die, the ram moves through a tool pack having a number of roning dies.
As the cup passes through the troning dies, the cup s clongated and the sidewall 1s
thinned. More specifically, the die pack has multiple, spaced dies, each die having a

g is stightly smaller than the next

£ "

substantially circular opening. Each die openin
adjacent upstream die.

Thus, when the punch draws the cup through the first die, the redraw die, the
aluminum cop 1s deformed over the substantially evhindrical punch. As the cup
maves through the redraw die, the diameter of the cup, i.¢. the diameter of the bottom
of the cup, is reduced. The Because the openings in the subsequent dies 1o the die
pack each bave a simaller inner diamater, /¢ 3 smaller opening, the aluminum cup,
and nore specifically the sidewall of the cup, 1s thinned as the ram moves the
alumninum through the rest of the die pack. The thinning of the cup also elongates the
cup.

Farther, the distal end of the punch is concave. At the maximum extension of
the ram is a “domer.” The domer has a generally convex dome and a shapead
perimeter. As the ram reaches s maximum extension, the bottom of the cup engages
the domer. The bottom of the cup is deformed into a dome and the bottom perimeter
of the cup is shaped as desired; typically angled nwardly so as to mcrease the
strength of the can body and to allow for the resulting cans to be stacked. After the
cup passes through the final woning die and contacts the domer, it s 4 can body.

(O the retarn stroke, the can body is removed from the punch. Thatis, as the
ram moves backwardly through the tool pack, the can body contacts a stationary
stripper which prevents the can body from being pulled backward into the tool pack
and in effect removes the can body from the punch, In addition to the stripper a short
blast of air mav be mtroduced through the inside of the punch to aid in can body
removal, After the ram moves back to an tnitial position, a new cup is positionad m
front of the ram and the cyele repeats. Following addittional fimshing operations, ¢.g.
trinnning, washing, printing, efc., the can body is sent to a filler which fills the can
body with product. A top is then coupled to, and sealed against, the can body, thereby
corapleting the can.

The ram and the die pack are typically oriented  generally horizontally. That
15, the longitudinal axis of the ranmt and the axis of the tool pack extends generally
horizontally. in this orientation certain components of the bodvmaker niay be of a

relatively simple construction. For example, a cup feeder, i.¢. the device that
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positions cups in the path of ram travel, may rely, In part, on gravity to position a cap
on a cup locator for further processing. Throughout this process the cup in the
conventional cup feed mechanism is oriented with its axis in a borizontal plane. Itis
constrained on the sides by guide rails and on both ends by guide plates. When the
cup is resting i the coup locator there 15 an opening present in the open end guide plate
to facilitate insertion of the redraw sleeve {(a sleeve that clamps the cup agamst the
redraw die and which 1s hollow to allow the ram to pass therethrough).

Similarly, with a ram traveling in a horizontal direction, the can body take-
away device may rely upon gravity to deposit the can bodies on a conveyor. The
convevor consists of a continucusly moving chain having a series of rubber L
shaped attachments. Thus chain conveyor moves in an upward incline in order to
ensure the cans rest in the “L” shaped attachments. The constantly moving conveyor
chain is timed such that the fingers of the attachments meet the can at the point it is
stripped from the punch and is free to be removed from the bodvmaker.

A ram traveling in a horizontal direction , however, has disadvantages. For
example, the ram body is a cantilevered body, being coupled at one end to a drive
mechanism. In this configuration, the weight of the ram body causes the ram body to
droop. This droop may cause a mis-alignment between the ram and the tool pack.
This mis-alignment may change over the course of a day, e.g.. the ram body may heat
up due to use thereby changing the charactenistics of the ram which in turn change the
alignment of the ram. Thus, there 13 not a simple solution such as repositioning the
dies In the tool pack. The ram droop further causes quality problems in the forming
of cans by making # difficnlt to maintain even wall thicknesses. The ram droop also
may cause problems when the ram retracts. More specifically, the back side of the
punch may contact the iwoning dies resulting in abnormal wear to the dies. The ram
droop can be mitigated to some degree by making the ram larger i digmeter and
making the assembly lghter but the tendency to droop will still be evident and using a
targer diameter ram would not work when making a small diameter can. Further
problems with a conventional bodymaker with the honzontal layout is that it has a
relatively large footprint and all bodymakers made to date can only produce one can
per eycle per machine. That 1s, for each revolution of the ram drive mechanism, g
single can body is produced. Thus requires a plant operator to have a large number of
machines to meet desired production geotas. Some of these disadvantages may be

addressed by utilizing a ram that travels over a generally vertical path.
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There is, therefore, a need for a cup feed mechanism structured to operate with
a bodymaker wherein the ram travels vertically, There is a further need for a cup feed
mechanism structured to position a cup in the path of wavel of a ram, wherein the cup

position 1s maintained by a biasing device rather than gravity.

SUMMARY OF THE INVENTION

These needs, and others, are addressed by the disclosed and clanmed device
which provides a cup feed assembly for a can bodymaker with a vertically oriented,
reciprocating, elongated ram assembly. The cop feed assembly inclodes a chute
assembly, a rotatable feeder disk assembly, and a cup locator. The chute assembly
includes a penerally arcuate, generally horizontal transfer chute. The transfer chute
ncludes an outer sidewall, a first end and a second end. The transfer chute first end is
in conununication with the feeder chute outlet end. The outer sidewall at the transfer
chute second end ncludes a first biasing device. The rotatable feeder disk assembly
includes a body with circomferential surface, the circumferential surface includmg a
first portion, a second portion, and a thard portion, the disk body first portion having a
generally constant radius, the disk body second portion having a reducing radius, the
disk hody third portion being a pocket. The feeder digk body s disposed in a
generally horizontal plane and is partially disposed in the transfer chute. The cup
tocator defines a holding space, the holding space in commuanication with the transfer
chute second end. The feeder disk assembly 1s structured to move a cup disposed at
feeder chute ountlet end through the transfer chute into the cup locator, The first
biasing device s structored to maintain a cup i the holding space.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be gained from the
following description of the preferred embodiments when read in conjanction with the
accompanyving drawings in which

Figure 1 1s an sometric front view of a bodymaker.

Figure 2 is an tsometric rear view of a bodymaker.

Figure 3 is a side cross-sectional view of & cup feeder assembly.

Figure 4 15 & detatl side cross-sectional view of a cup feeder assembly.

Figwre 5 18 a top view of a cup feeder v a first position,

Figure 6 is a top view of a cup feeder in a second posttion.



]

WO 2014/164949 PCT/US2014/023884

Figare 7 is a top view of a cup feeder in a third position.

Figure 8 is a top, partial cross-sectional view of a cup feeder in a fourth
position.

Figure 9 is a detail 1sometric view of a crankshafi, link assembly and ram
assembly.

Figure 10 13 an 1sometric view of a tool pack.

Figure 11 18 a partially exploded 1sometric view of a tool pack.

Figure 12 is a cross-sectional view of a tool pack. Figure 12A1s a detail view
of a spray outlet.

Figure 13 is a front view of a can body take-away assembly.

Figure 14 is a ¢cross-sectional side view of a can hody take-away assembly.

Figure 15 1s a top view of a can body take-away assembly.

Figure 16 is a detail cross-sectional side view of a can body take-away
assembly.

Figure 17 13 a front view of a can body take-away assembly with the ram in a
different position.

Figure 1% is a front detail isometric view of a gripping assembly.

Figure 19 is a rear detatl isometric view of @ gripping assembly.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Az used herein, the singular form of “a,” “an.” and “the” include plural

references unless the context clearly dictates otherwise. As used herem, the term
“number,” or “a number,” shall mean one or an integer greater than one {f.e, a
plurality).

As nsed herein, “coupled™ means a link between two or more elements,
whether direct or indirect, so long as & Bok occars, An object resting on another
object held in place only by gravity is not “coupled™ to the lower object unless the
upper object s otherwise maintained substantially in place. That is, for example, a
book on a table 1s not coupled thereto, but a book gloed 1o a table is coupled thereto.

As used herem, “divectly coupled™ means that two elements are divectly in
comtact with each other.

As used herein, “fixedly coupled”™ or “fixed” means that two components are
coupled 50 as to move as one while mamtaining a constant onentation relative to each

other. Sumidarly, two or more elements disposed in a “fixed relationship™ means that
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two components mainiain a substantially constant orientation relative to each other.

As used heram, the word “unitary” means a component is created as a single
piece or unit. That 1s, a component that includes pieces that are created separately and
then coupled together as 8 unit 13 not 8 “unitary™ component or body.

As used herein, “associated” means that the identified components are related
to each other, contact each other, andfor mteract with each other. For example, an
automobile has four tires and four hubs, each hub is “associated” with a specific tire.

As used herem, “engage,” when used in reference to gears or other
components having teath, means that the teeth of the gears interface with sach other
and the rotation of one gear causes the other gear or other component to rotate/move
as well. As used herein, “engage.” when used i reference to components not having
teeth means that the components are biased against each other.

Directional phrases used herewm, such as, for example and without limitation,
top, bottom, left, right, upper, lower, front, back, and dertvatives thereof, relate to the
orientation of the elements shown in the drawings and are not luniting upon the
claims unless expressly recited therein.

As used heremn, "correspond” indicates that two structural components are
stmilar in size, shape or function. With reference to one component being inserted
nto another component or into an opening in the other component, “corresponding ™
mieans components are stzed to engage or contact each other with a minummn amount
of friction. Thus, an opening which corresponds to a member is sized slightly larger
than the member so thai the member can pass through the opening with a minimum
amount of fuction. This definition is modified if the two components are said to it
“snugly” together. In that situation, the difference between the size of the
components 1s even smaller whereby the amount of friction increases. If one or more
components ate resihient, a “snugly corresponding” shape may melude one
component, e.g. the component defining the opening being smaller than the
component iserted therein. Further, as used berein, “loosely correspond”™ means that
a slot or opening s sized to be larger than an element disposed theretn. This means
that the increased size of the slot or opening 1 intentional and is more than a
manufacturing tolerance,

As used heretn, “at” means on of neay.
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A vertical bodymaker 18, shown m Figures 1 and 2, 13 sivoctured to convert a
cup 1 {Fig. 3} into a can body 2 (Fig. 16). A cup 1 includes a generally planar bottom
3 and a depending sidewall 4, as shown in Figure 3. The vertical bodymaker 10, ie a
bodymaker wheremn a number of rams travel in generally vertical orientation, includes
a housing assembly 11, a number of cup feed assemblies 12 (shown best in Figure 2),
an aperating mechanism 14, a number of vertical tool packs 16, Ze. a tool pack
wherein the axis of the circular dies extends generally vertically, and a namber of
take-away assemblies 18, As will be described below, the vertical bodymaker 10 may
include at least two rams 250 and is able to process two cups 1 per cycle. As such, as
shown, the vertical bodymaker 10 inchuides at least two of such components as the cup
feed assembly 12, the vertical tool pack 16, and the take-away assembly 18, Unless
otherwise noted, the following description shall describe one of each component. 1fis
understood, however, that the components include substantially similar elements and
the description of one component is apphicable to any sumilar component. it is, noted
that some components are muror images of each other, e.g. one take-away assembly
18 ejects the can bodies 2 to the left side of vertical bodymaker 10 and the other take-
away assembly 1§ ejects the can bodies 2 to the right side of vertical bodymaker 10.

Generally, the housing assembly 11, which as used herein inclodes a frame
assembly {not shown), supports the operating mechanism 14 with a number of rams
250 extending in, and reciprocation in, a generally vertical divection. That 1s, the
housing assembly 11 includes a number of ram paths 13 {Fig. 9), /e a path of travel
for a ram 250 and alternatively identified as a “ram 250 path of travel 13 There is
one ram path 13 for each ram 250, In an exemplary embodiment, the cup feed
assemblies 12, the vertical tool packs 16, and the take-away assemblies 18 are
coupled to a housimg assembly upper end 19, /e, generally above the operating
ntechanism 14 and rams 230, In another emabodiment, not shown, the positions of the
components ate generally reversed, /L e. the cup feed assemblies 12, the vertical tool
packs 16, and the take-away assemblies 18 are coupled to the lower end of the
housing assembly. The cup feed assembly 12 15 provided with a mumber of cups |
which are individually fed to the vertical tool packs 16, A ram 250 picks up the cup 1
and moves the cap through the vertical tool pack 16 to form a can body 2. At the top
of the ram’s 250 stroke, the can body 2 is gjected from the ram 250 and collected by a
take-away assembly 18, The take-away assembly 18 moves the can body 2 away

from the ram 250 and reorients the can body 2 to a horizontal orientation so that the



v x]

WO 2014/164949 PCT/US2014/023884

can body 2 may be transported by traditional conveyors or other convevors (not
shown).

As shown in Figures 3-8 | the cup feed assembly 12 includes a chute assembly
20, a cup locator 70 (Figs. 5-8), and a rotatable feeder disk assembly 80 (Figs 5-8). In
another embodiment, not shown, the cup feed assembly 12 further inclodes a cup stop
(not shown}. A cup stop 18 a poeumatically controlled device that starts and stops the
flow of the caps 1 into the cup feed assembly 12 when there are interruptions m
upstream or downstream processes. The chute assembly 20 mmcludes a feeder chute 22
and a transfer chute 40. The feeder chute 22 has a hollow body 24 defining an
enclosed space 26. The enclosed space 26 has a cross-sectional area corresponding to
acup 1. That is, the enclosed space 26 cross-sectional arvea is shghtly larger than a
cup | so that a cup 1 may move freely therethrough. The feeder chute 22 includes an
inlet end 28, a medial portion 30 and an outlet end 32 (Figure 3.} The feeder chate
infet end 28 extends generally vertically. The feeder chute medial portion 30 is
arcuate and bends about ninety degrees so that feeder chute outlet end 32 extends
wenerally honzontally. In this configuration, cups 1 may be introduced into the feeder
chute inlet end 28 and fall, due to gravity, toward feeder chute outlet end 32, The
weight of cups 1 in the feeder chute mnlet end 28 will further bias the caps 1 in the
feeder chute medial portion 30 and feeder chute outlet end 32 toward the transfer
chute 40, described below. The feeder chute outlet end 32 ncludes a support surface
34, The feeder chute outlet end support surface 34 extends geverally hovizontally.
The cups 1 are oriented in the feeder chute 22 so that, when the cups 1 are in the
feeder chuie outlet end 32, the cup bottom 3 is disposed above the depending sidewall
4, That 1s, the cup 1 is mverted and opens downwardly,

The feeder chute 22 is coupled to a transfer chute 40. More specifically, the
transfer chute 40 includes a first end 42, a medial portion 43, and a second end 44,
The transter chute 40 is generally arcuate and extends generally horizontally. The
transfer chute first end 42 is in communication with feeder chute outlet end 32, That
ts, as used herein, two or more chutes “in communication” with each other means than
an object in one chute may pass mto another chate. In one embodiment, shown in
Figures 3 and 4, the transfer chute 40 includes an apper member SO, a lower member
52, an tnner first side mewmber 54 (Figs, 5-8}, and an outer secoud side member 56
{Figs. 5-8). The transfer chute lower member 52 15 generally planar and exiends

e

horizontally. The transfer chute lower member 32 may include slots or other
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openings {(not shown) that are generally smaller than the cups 1. The transfer chute
first side member 54 includes a slot 58 structured to allow feeder disk 81, discussed
below, to pass therethrough. The transfer chute first and second side members 34, 56
define generally vertical guide surfaces 60, 62. That is, in an exemplary embodiment,
transfer chute first and second side members 34, 56 are an inner guide rail 64 and an
outer gwide rail 66, The inner guide rail 64 and cwter guide rail 66 are spaced slightly
targer than the diameter of a cup 1.

As shown best in Figure 53-8, the transfer chute first end 42 and transfer chute
ntedial portion 43 are defined by the transter chute fivst and second side members 54,
56 and transfer chute fower member 52, The transfer chute first end 42 and wransfer
chute medial portion 43 are generally arcuate and have about the same center as the
feeder disk 81, Transfer chute second end 44 15 also, in one embodiment, arcuate, but
curves away from the center of the feeder disk 81, The cup locator 70 is disposed at
the transfer chute second end 44, The cup locator 70 is an arcuate member 72 having
a diameter corresponding, and in one embodiment snuggly corresponding, to the
diameter of a cup 1. That is, cup locator 70 defines a sabstantially vertical arcuate
surface 74. Thus, the cup locator 70 fusther defines a holding space 76. The holding
space 76 is m comnwunication with the transfer chute second end 54. While there may
be a gap, there is a generally smooth transition between inner guide rail 64 and cup
tocator 70. That 1s, the generally vertical surfaces dehining the faner gude rail 64 and
the inner side of cup locator 70 are generally aligned.

Before discussing other features of the transfer chute second end 44 1t is noted
that the ram 230 passes generally vertically through cup locator 70 and transfer chute
second end 44, Thus, cup locator 70 and transfer chute second end 44 do not have o
horizontal surfaces extending over the ram 230 path of travel 13, That is, the transfer
chute upper member 30 and a lower member 32 do not extend over the locator 70 and
transfer chute second end 44. Put another way, at the ram 230 path of travel 13, the
transfer chute second end 44 15 defined only by generally vertical guide surfaces. In
reference to mner goide rail 64 and outer goide rail 66, the inner guide rail 64 and the
outer guide rail 66 do not have g honzontal member therebetween at the transfer chute
second end 44, In reference to the transter chute second end 44, the phrase
“horizontal member™ is not Hmited o planar horizontal members and includes arcuate

members having a horizontal portion.
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Because the transfer chute second end 44 does not inclade horizoutal surfaces
at the ram 250 path of travel, another construct is used to support the cups 1 when the
cups are disposed in the transfer chute second end 44 and cup locator 70, This
construct includes a number of biasing devices 100, 102, Before describing biasing
devices 100, 102, the rotatable feeder disk assembly 30 will be described.

Rotatable feeder disk assembly 80 includes a motor (not shown} and a feeder
disk 81. Feeder disk 81 includes a disk body 82, The feeder disk assembly motor, in
one embodinment, is a constam speed moter. In another embodiment, the feeder disk
assembly motor 15 a variable speed servo-motor. The feeder disk assembly motor has
a rotating output shaft (not shown) that is coupled to the disk body 82 and structured
to rotate the feeder disk body 82, The feeder disk body 82 1s rotatahly coupled to the
housing assembly 11, The feeder disk body 82 includes a circumferential surface 84.
The circumferential surface 84 includes a first portion 86, a second portion 88, and a
thivd portion 90. The circumferential surface first portion 86 has a generally constant
radius. In one embodiment, the circumferential surface first portion &6 defines a
cutout 92 (Fig. 8) having a reduced radius. As discussed below, an arcuate guide rail
120 1s disposed in the first portion cutont 92 thereby providing a generally constant
radius. The circwmterential surface second portion 88 has a reducing radius and, in an
exemplary embodiment, a constant spiral radius, Z¢. reducing at a constant rate. The
circumferential surface third portion 90 15 g pocket 94. The pocket 94 defines a
generally arcuate surface 96 that increases the radius of the disk body 82 from the
avinimum circomferential surface second portion 88 radius to the circumferential
surface first portion 86 radius. The curvature of the pocket arcuate surface 96
generally corresponds to the curvatare of a cup 1.

The feeder disk body 82 is rotatably coupled to the housing assembly 11
adjacent to the transfer chute fivst side member slot 38 and positioned so that, as the
feeder disk body &2 extends partially into the transter chute 54 via transfer chute first
side member slot 58, The feeder disk body 82 rotates in a generally horizontal plane.
The feeder disk body pocket 94 faces forward as the feeder disk body 82 rotates. As
set forth immediately below, the feeder disk body 82 is structured to move a cup |
from the transfer chute first end 42, over the transfer chute medial portion 43, and into
the transfer chute second end 44 and cup locator 70,

That 15, as noted above, gravity, and the weight of cups 1 in the feeder chute

intet end 28 bias the cups 1 in the feeder chute medial portion 30 and feeder chute
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outlet end 32 toward the transfer chute 40, As the feeder disk body pocket 94 rotates
past transter chute fivst end 42, a cup 1 15 disposed in the feeder disk body pocket 94
and moved over the transfer chute medial portion 43, At this tune, the cup 1 belund
the cup 1 (hereinafter “the second cup™) in the feeder disk body pocket 94 is biased,
initially, against the circumierential sorface first portion 86, As the circumierential
surface first portion 86 is a generally constant radivs, the second cup does not move
forward mto the transfer chute 54. As feeder disk body 82 continues to rotate, the
second cup is biased against circumfersntial surface second portion 88, As the
circumferential surface second portion 88 has a reducing radius, the second cuap is
moved into the transfer chute 54, When the feeder disk body pocket 94 again rotates
to the wransfer chute first end 42, the second cup 1 will be in a position to be moved by
the feeder disk body pocket 94.

The cup | in the feeder disk body pocket 94 is moved over the transter chute
medial portion 43, generally moving i an arcuate path about the center of feeder disk
body 82. As noted above, the transfer chute second end 44 curves away from the
center of the feeder disk body 82, Thus, as the cup 1s moved into the transfer chute
second end 44, the curvatare of the transfer chute second end 44 causes the cup 1 10
be moved ouat of the feeder disk body pocket 94, A shown in Figure 6, the tip of the
feeder disk body pocket 94 maintains contact with the cup | as the cup | moves over
the upstream portion of transfer chute second end 44, That 15, the “nose” of the
feeder disk body pocket 94 pushes the cup 1 through the upstream portion of wansfer
chute second end 44. It is noted that, unlike a vertically oriented cup feeder which
relied upon gravity to move a cup through a transfer chute, in this embodment, the
exclusive force moving the cup 1 through the ransfer chute 40 18 the force provided
by the rotatable feeder disk assembly 80, That 15, as used herein, the phrase “the
exclusive force moving the cup through the transfer chute 1s the force provided by the
rotatable feeder disk assembly,” means that gravity is not a foree acting on a cup 50 as
to move the cup throogh a transfer chute.

As shown in Figures 3-8, as the cup 1 18 moved fully into the wransfer chute
secord end 44 and cup locator 70, the nose of feeder disk body pocket 94 moves past
cup 1 leaving circumferential surface first portion 86 in contact with the cup 1. Thus,
when the cup 1 is disposed at the transfor chute second end 44 and cup locator 70, the
cup 1 1s contacted by curcomterential surface first portion 86 and the transfer chute

second end 44, As noted above, the transfer chute second end 44 and cup locator 70



WO 2014/164949 12 PCT/US2014/023884

do not include a horizontal surface at the ram 230 path of uavel. Thus, the cap 1 1s
supported by the biasing devices 108, 102, which are disposed at circumferential
surface {irst portion 86 and the transfer chute second end 44,

A first biasing device 100 is disposed at transfer chute second end 44 and, in
one embodiment at the cuter goide rail 66 at transfer chute second end 44, The first
biasing device 100 mcludes a number of resilient members 104, The resilient
members 104 extend into transfer chute second end 44, More specifically, in one
exemplary embodiment, resilient members 104 are elongated members having a
proximal end 108 and a distal end 110, The resilient member proximal ends 108 are
disposed adjacent to, and coupled to, the outer guide rail 66. The resilient member
cistal ends 110 extend mto the wransfer chute second end 44 and define a generally
vertical surface 111, The restlient member vertical surface 111 extends substantially
paraliel to the inner guide rail 64. The resilient members 104 may be part of a brush
assembly 112, That is, first biasing device 100 may be a brush assembly 112
including a number of bristles 114, In this configuration, the first biasing device 100
1s structared to maintain a cup 1 in the holding space 76.

In operation, and as shown in Figures 5.8, the first biasing device 100 biases a
cup 1 against the opposing guide rail, the inner guide rail 64 as shown, That i, as the
nose of the feeder disk body pocket 94 pushes the cup 1 through the upstream portion
of transfer chute second end 44 and moves the cup 1 over the portion of transter chute
40 lacking a horizontal surface, the bias of the first biasing device 100 maintains the
cup 1 in a generally horizontal orientation within transfer chute 40,

The second biasing device 102 is disposed on feeder disk body 82. In one
embodiment, the second biasing device 102 includes an arcuate gude rail 120 that is
disposed in the first portion cutout 92, The arcaate goide rasl 120 has an outer radius
that is substantially simdar to the radius of the circumierential surtace first portion 86,
The arcuate guide rail 120 is movably coupled to the feeder disk body §2 by biasing
member 122, as shown, springs 124, The springs 124 have a longitudinal axis and,
an exemplary embodiment, the fongitudinal axes of the springs 124 are generally
paraliel. The biasing device 122 hiases the arcuate guide rail 120 outwardly . The
range of motion of the arcuate guide ratl 120 may be himited by a slot and pin
coupling 126, That is, pins extending from feeder disk body 82 pass through

generally radial slots m the arcuate gwde rail 120 as shown in Figure 8. In another
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embodiment, the arceate gaide rail 120 1s a resilient body 121 or includes a resihent
outer surface. In this embodiment, the resilient body s the biasing device 122

in this configuration, and as shown in Figure 8, the arcuate guide rail 1208 is
biased generally radially ouwtwardly. Thus, when the cup 1 is moving into, and when
the cup 1 is disposed in, the transfer chute second end 44 and cup locator 70, the
second biasing device 102 biases the cup 1 toward the cup Jocator 70, Thus, acup |
in & honzontal orientation 1s maintained in the cop locator 70 even though the cup
locator 70, as well as the wansfer chute second end 44, does not include a horizontal
surface at the ram 250 path of travel to support the cup 1. Further, and as described
below, the cup locator 70, ay well as the transfer chute second end 44, are disposed
below and adjacent to the redraw mechanism 270, A cup 1 in this position may he
picked up by a ram body 252 (described below), and passed though the tool pack 16.

As shown in Figures 1 and 9, the operating mechanism 14 includes a
crankshaft 150, an operating mechanism motor 132 (Fig. 2), a link assembly 180 and
a ram assembly 230, Generally, the crankshaft 150 movably supports a number of
ram assemblies 250 {also referred to as “rams 2307}, The crankshaft 150 causes the
ram assemblies 250 to reciprocate along a generally vertical ram path 13, Inan
exemplary embodiment, the ram assemblies 230 are disposed i pairs wherein the ram
assemblies 250 in z pair move in generally opposite directions. that is, as one ram
assembly 250 is moving upwardly, the other ram assembly 250 1s moving
downwardly. The operating mechanism motor 152 drives the crankshaft 130, The
Hink assembly 180 coupled the cranksbhaft 150 to the ram assemblies 250 and, inan
exemplary embodiment, reduces siress on the ran assernblies 250, A ram assembly
250, as used herein, may mclude a redraw mechanism 270, Aliernatively, a redraw
mechanism 270 may be considered an independent component or as part of the tool
pack 16, but i the following description the redraw mechanism 270 is considered pant
of a ram assembly 250,

As shown in Figuare 1, the crankshaft 150 15 rotatably coupled to the housing
assembly 11, The operating mechanism motor 152 drives the crankshaft 150, Inan
exemplary embodiment, operating mechanism motor 152 15 an AC induction motor
driven by a vaniahle frequency drive. As shown, the operating mechanisnt motor 152
includes a rotating output shaft 154 that 1s operatively coupled to the crankshaft 150,
As used herein, and tn connection with a motor, “operatively coupled”™ means that the

element operatively coupled to the motor 1s coupled so as to respond to the motion
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created by the motor’s cutput shaft; the coupling may be divect, such as, but not
timited to, output shaft coupled directly to an axde, or, indirect such as, but not Hmited
to, an output shaft coupled via a belt to an axle. As shown in Figure 2, the operating
mechanism motor 152 is operatively coupled, via a belt 156, to a clutch/brake
assembly 158 The clutch/rake assembly 158 is coupled to crankshaft 130 and, more
specifically, 1o a shaft 160 of the crankshaft 130,

As shown in Figure 9, the crankshaft 150 includes the shaft 160 as well as a
number of offset crankpins 162, Each crankpin 162 bas an outer surface (not shown)
that acts as a journal. As such, each crankpin 162 s heretnafier identified as a
crankpin journal 164, la an exemplary embodiment, the crankpin journals 164 are
provided tn pairs and, as shown, the following description will address a crankshaft
150 including two crankpin journals 164, It is understood, however, that the claimed
concept is not limited to two crankpin journals 164, Each crankpin jonrnal 164 is
maintained 1 a position offset from the axis of the shaft 160 by a yoke 166, Each
yoke 166 includes two elongated yoke members 170, 172, Each voke member 170,
172 mcludes a first end 174 and a second end 176. Each voke first end 174 includes a
shaft opening 175 and each voke second end 176 cludes a distal opening 177, i.e. an
opening that s distal to the axis of rotation of the crankshaft 150, Shaft 160 1s hxed
to each voke member 170, 172 at a shaft opening 175, Each crankpin journal 164 is
fixed to the voke members 170, 172 between opposed distal openings 177, Each voke
member 170, 172 may include a counterbalance such as, but not limited to, a lobe
178.

Farther, as shown, when a crankshaft 150 includes two crankpin journals 164,
the crankpin journals 164 are disposed substantially on opposite side of shaft 152, As
used herein, crankpin journals 104 are disposed substantially on opposite side of shaft
152 shall be identified as “opposing crankpin journals.” In this configuration, and
when a linkage 184 {described below) is coupled to each crankpin journal 164, the
linkages 184 will move in opposition to each other. That 15, for example, if one
tinkage 184 is moving upwardly, the other hinkage 184 will be moving downwardly.

Each crankpin journal 164 is one component of a rotational coupling. As used
herein, a “rotational coupling” s g coupling hinking two components that allows the
components 1o rotate relative to each other. A “rotational couphing” may include, but
1s not himited to, a substantially circular opening 1o one, or both compounents, and a

substantially circular pi corresponding to, and passing through, the opening. For
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example, each crankpin jownal 164 1s a substantially circular pin that passes through
a pivot rod first end opening (described below). It s uadersiood, however, that a

>

“rotational coupling” may have an alternate configuration such as, but not limited to,
a substantially circular lug extending from one component into a substantially circular
opening in the other component.  Fuarther, a rotational coupling 181, in an exemplary
enthodiment, noludes a bearing or other friction reducing device, All rotational
couplings shall be identified by reference number 181 and shall be preceded by &
description of its {ocation on anather component.

The hink assembly 180 includes a number of hinks 182 wherein the links 182
arg coupled to form a linkage 184, It Is understood that there i3 one linkage 184 for
sach rant assembly 250, As such, the following descuption will address a single
finkage 184 1t 15 understood that each linkage is substantially similar.

in one exemplary embodiment, the link assembly 180 includes at least one
rotational coupling 181 disposed between the crankshaft 150 and a ram body 252
For example, 1 one exemplary embodiment, not shown, the link assembly 180
mnicludes a connecting rod 190 and a slider 240, The shider 240 is discussed in detail
below. The connecting rod 190 is an elongated body 191 that mcludes a first end 192
and a second end 194, The connecting rod first end 192 includes a rotational
coupling 181 and the connecting rod second end 194 also includes a rotational
coupling 181, The comnecting rod first end rotational coupling 181 is rotatably
coupled to a crankpin journal 164, The connecting rod second end rotational coupling
181 is rotatably coupled to a slider 240, and more specifically a slider body 242 which
15 coupled to a ram body 252.

In the embodiment described above, rotation of the crankshaft 150 canses a
ram body 232 to reciprocate along a generally vertical axis, as described below. With
a single link, however, the conversion of rotational motion to lingar motion applies
stress to the various components, such as, but not fimited to hngh normal shde forces
against the shde guidance rails (shider channels). Thus, in another exemplary
embodiment, shown in Figure 9, each linkage 184 further includes a swing arm 200
and a pivot rod 210, The swing arm 200 includes a pivot member 202 and a yoke
204, The swing arm yoke 204 extends generally radially from swing avm pivot
member 204, That is, the swing arm yoke has a first end 206 that i1s coupled to the

swing arm pivot member 202, Farther, the swing avm yoke has a second end 208 that



WO 2014/164949 16 PCT/US2014/023884

inchudes a rotational conpling 181, The swing arm pivot member 204 18 rotatably
coupled to the housing assembly 11,

The prvot rod 210 is an elongated body 211 that includes a fustend 212 and a
second end 214, The pivot rod first end 212 includes a rotational conpling 181, The
pivot rod second end 214 inclodes a rotational coupling 181, When assembled, the
Hinkage 184 includes the connecting rod first end rotational coupling "181 rotatably
coupled, and i an exemplary embodiment directly rotatably coupled, to a crankpin
journal 164, The connecting rod second end rotatably coupled, and in an exemplary
embodiment divectly rotatably coupled, to the pivot rod fivst end rotational coupling
181, The pivot rod second end rotational coupling 181 is rotatably coupled to a shider
248, and more specifically a shder body 242 which is coupled to a ram body 252.
The swing arm second end rotational coupling 181 is rotatably coupled to the
connecting rod second end rotational coupling 181, In this configuration, the swing
army 200 limits the range of motion of the hinkage 184 thereby reducing stress on the
components thereof. For example, liniting the range of motion of the linkage 184
significantly reduces the normal shide force against the shide guidance rails {shder
channels).

The housing assembly 11 includes a number of ram guides 230 (Fig. 1) and
shider channels 232 (Fig. 1}. Each ram guide defines an opening (not shown). If there
are move than two ram guides 230 for a single ram assembly 250, the ram gaide
openings are disposed on a generally vertical line. The shider channels 232 are
disposed in opposed pairs and, as shown include members having U-shaped cross-
sections. The slider channels 232 are also disposed generally vertically and are
positioned about the generally vertical line passing through the ram guides 230, In
this configuration, the housing assembly 11, and more specifically the ram guides 230
angd shder channels 232, defines paths of travel that extend generally vertically, That
15, the ram assemblies 25 are structured to reciprocate over the ram paths.

The shder 240 mclodes a body 242, as shown a generally rectangular body,
including a rotational coupling 181, The shider body 242 has an upper surface 244
and two lateral sides 246, 248, The shder body lateral sides 246, 248 are sized to
correspond to the shider channels 232 . The shder body 242 15 disposed in the shider
channels 232 and moves between a first fower positinn i the shder channels 232 and

a second upper position in the shider channels 2320 Thus, the shder body 242
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reciprocates generally vertically. As noted above, the pivot rod second end rotational
coupling 181 is rotatably conpled to the stider body 242,

As with the Linkage 184, the ram assemblies 230 are substantially simiar and a
single ram assembly 250 will be described. The ram assembly 250 includes an
elongated ram body 252 and a punch 254, The ram assembly 230, and more
specifically the ram body 252, has a longitudinal axis 251 that extends generally
vertically. As is known, the ram assembly 250 may include other components, e.g. a
posumatic system (not shown) structured to gject a can body 2 from the punch 234;
such components are not, however, relevant 1o the presently disclosed concept. When
disposed  a vertical ortentation, the ram body 252 includes a lower, first end 256
and an upper second end 358, The ram body first end is coupled to, and in one
embodiment fixed to, the slider body upper surface 244, The punch 234 is coupled to,
and in one embodiment fixed to, the ram body second end 258, In this configuration,
the ram body 252, as well as the punch 254, reciprocate over a generally vertical
path. That is, each ram assembly 250, and more specifically each ram body 252,
moves between a retracted, lower first position and an extended, upper second
position. The path over which each ram assembly 250 moves is the “path of travel”
or “path.” Farther, each ram assembly 250 has a "forward stroke” when moving from
the first position to the second position and a “return stroke” when meving from the
second position to the first position. As discussed below, each ram assembly 250, and
mare specifically each punch 254, is structured to pick up a cup 1 and move the cup 1
through the tool pack during the forward stroke. Further, as discussed above, each
ram body 252 is coupled to one of two linkages 184 in a pair. As further described
above, the linkages 184 are coupled to opposmg crankpin jownals 154. The
cenfiguration wherein the Inkages 184 are coupled to opposing crankpin journals 154
cause the shders 240 to move tn opposite directions.

Thus, if the nomber of ram assembhies 230 i3 two, there s a st ram assembly
2504 and a second ram assembly 2508, When the first ram assembly 250A is in the
first position, the second ram assembly 250B is substantially in the second position,
and, when the first ram assembly 250A 15 in the second position, the second ram
assembly 2508 1s substantially m the first position. When the first ram assembly
250A is woving forward, Ze. during the forward stroke, the second ram assermbly

2508 s moving backward, 7e during the return stroke,
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As with the linkage 184, the redraw mechanism 270 are sobstantially sinilar
and a single redraw mechanism 270 will be described. The redraw mechanism 270,
shown largely In Figure 3, includes a redraw die 271 and a clamping device 272, In
an exemplary embodiment wherein the redraw mechanism 270 is driven by the
crankshaft 150, the crankshaft 150 inclodes a number of redraw cams 274 (Fig. 9) and
the link assembly 180 includes a number of push rods 276 (Fig. 1), Asis known, the

__; .

redraw die 271 defines a passage 278 corresponding to the size and shape of a ram
body 252, As described above, a cup feed assembly 12 positions a cup 1 below the
redraw die 271 and above the redraw mechanisim 270, More specifically, the cup 118
positioned so as to be aligned with the redraw die passage 278, The redraw die
clamping device 272, in an exemplary embodiment, is a hollow sleeve 279, The
sleeve 279 has an outer diameter corresponding to a cup 1 inner diameter. The sleeve
279 further has an inner diameter corresponding to g punch body 254 outer diameter,
In operation, when a cup 1 is disposed below the redraw die 271, the sleeve 279
moves upwardly into the cup | and biases, £e. clamps, the cup 1 against the bottom of
the redraw die 271, The ram body 252 then moves through the sleeve 279 and packs
up the cup | on the punch 254, that 1s, the cup 1 1s disposed over the punch 254 and
ntoves with the punch 254, As the punch moves through the redraw die 271, the
shape of the cup 1 changes. More specifically, the diameter of the cup 1 is reduced to
suhstantially correspond to the diameter of the punch 254, This reshaping elongates
the cup 1, but does not effectively thin the cup sidewall 4.

The redraw die clamping device 272 is actuated by the crankshaft 150, That
15, the sleeve 279 is movably coupled to the housing assembly 11 and 13 sirnctured to
move over a vertical path. The sleeve 279 is further coupled to a number of push rods
276. As shown, a redraw link 276 may be an elongated rod 280 disposed in generally
vertically ortented redraw hok pudes 282 e guide structures having vertically
ahigned openings. As shown, each sleeve 279 is coupled to two push rods 276 with
the push rods 276 being disposed on opposite sides of the sleeve 279, The lower end
of each redraw hink 276 engages the crankshaft 150 and more specifically a redraw
cam 274,

That 15, as shown i Figure 9, g sumber of redraw cams 274 are fixed to the

shaft 252 and rotate therewith, The redraw cams 274 have an outer cam surface 390
The radius of the outer cam surface 290 15 variable having a mininwm radins and a

maonom radius. The arc over which the minimum radius is extended. As the
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crankshaft 130 rotaies, the lower end of each redraw link 276 moves over an outer
cam surfagce 290, When a redraw link 276 engages the mininum radivs of an outer
cam surface 290, the sleeve 279 is in a retracted, first position and the cup feed
assembly 12 may position a cup | below and adjacent to the redraw mechanism 270.

ges the maximom radius of an cuter cam swrtace 290,

bea)

When a redraw link 276 enga
the sleeve 279 is in an extended, second position and clanmps the cup 1 against the
redraw die 271 as described above. The elongated arc of the maxinum radins of an
outer cam surface 290 provides a dwell time for the redraw die clamping device 272
so that the cop remains clamped while the ram body 252 passes throagh the sleeve
279 and the cup body through the redraw die 271, Thus, the rotation of the crankshaft
150 actuates each clamping device 272

The vertical tool pack 16 1s shown in Figures 10-12. For a bodymaker 10
wherein the ram assemblies 250 forward stroke s upward, gach vertical tool pack 16
is coupled to the upper end of the housing assembly 11 and 1s generally aligned with
one of the ram assemblies 250, Each vertical tool pack 16 is substantially similar and
only one will be described below. The vertical tool pack 16 mclades a tool pack
housing assembly 300, a number of die spacers 400, a number of dies 450, and a
compression device 470, Generally, the die spacers 400 and the dies 450 each define
a central passage 408, 454, The die spacer central passage 408 is larger than the
cross-sectional area of the ram body 252, Thus, a cup 1 disposed on the punch 254
passing through a die spacer 400 does not engage the die spacer 400, Each die
passage 454 closely corresponds to the ram body 252 so that a cup | disposed on the
panch 254 passing through each die 450 is thinned and elongated. As is known, the
downstream die passages are smaller than the upstream die passages so that the cup |
thinned and elongated by each die 450, When the cup 1 passes through the tool pack
16 it 1s changed into g can body 2.

As shown in Figure 10, the tool pack housing assembly 300 1s shown as
having a generally rectangular cross-section. It is understood that the tool pack
housing assembly may have any shape including a generally circolar cross-section
{not shown}. 1t is further understood that descriptive words applicable to a tool pack
housing assembly 300 having 8 generally rectangular cross-section are applicable to a
tool pack housing assernbly having other shapes. For example, 11 a tool pack housing
assermnbly having a generally circular cross-section, the portion of the housing

ineluding a door and extending over an arc of about ninety degrees would be a front
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side. Simvilarly, the portions of a civcular tool pack housing assembly extending over
an arc of about ninety deprees and located sdjacent to the front side would be the
{ateral sides, and so forth.

As shown in Figure 10, the tool pack housing assembly 300 includes an npper
sidewall 302, a lower sidewall 304, a {irst lateral sidewall 306, a second lateral
sidewall 308, a rear sidewall 310, and a door 312, In the exemplary embodiment the
door 312 comprises, essentially, all of a front side. 1t 1s understood that m other
embodiments, not shown, the door 312 may be less than the entire front side. The
ppper and lower sidewalls 302, 304 cach include a central opening 314, 316, In this
configuration, the too! pack housing assembly defines a passage 320 baving a vertical
axis. The tool pack housing assernbly passage 320 includes an mmev surface 322,
That 15, each of the tool pack housing assembly elements has an mner surface 322,

The ool pack housing assembly first lateral sidewall 306 and the tool pack
housing assembly second lateral sidewall 308 each include a front surface 336, 332
The door 312 s structured to move between a first, open position, wherewn the door
312 provides access to the tool pack housing assembly passage 320, and a second,
closed position, wherein the door 312 inner surface is disposed immediately adjacent
the first lateral sidewall front surface 330 and the tool pack housing assembly second
fateral sidewall front surface 332, In an exemplary embodiment, door 312 is movably
coupled to the tool pack housing assembly second lateral sidewall front surface 332
by a hinge assembly 334

The door 312 may include a latch assembly 340, The latch assembly 340
includes a latch base 342 and a latch handle 344, The latch handle 344 is movably
coupled to the first lateral sidewall 306, The latch base 342 is coupled 1o the door
312. The latch handle includes a cam member 346, The latch handle 344 55
structured to move between an open, fust position, wherein said tatch handle 312 does
not engage the latch base 342, and a closed, second posttion, wherein the latch handle
cam member 346 engages the latch base 342,

The door 312 has an inner surface 350, The door 312 further includes a
number of resilient bumpers 352, Each burnper 332 is coupled 1o the door mner
surface 352 and aligned with one of the dies 450 when the die 450 s disposed in the
tool pack housing assernbly 300.  Each bumper 352 has a thickness sufficient so that,
when the door 312 18 1 the second position, each bumper 352 confacts one of the

dies 430, Thus, when the door 312 is in the second position, each bumper 352
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contacts one of the dies 450 and biases the die 450 against the tool pack housing
assembly rear sidewall 310, thereby tocking cach dic 450 in a substantially fixed
orientation and location relative to the tool pack housing assembly 300. As noted
below, the dies 450 may include a circular outer surface 456, The bumpers 352
include a distal surface 336 which is the surface opposite the bumper surface coupled
to the door 312, Each bumper distal surface 356 is, in an exemplary embodiment,
concave and has a corvature corresponding to a die body outer surface 456.

The tool pack housing assembly upper sidewall 302 includes a stripper
halkhead 360. The stripper bulkhead 360 includes a stripper element 362 structared
to remove the can body 2 from the punch 254 during the return, L downward,
portion of the ram body 252 stroke. The tool pack housmg assembly lower sidewall
304 includes a cup feed bulkhead 370, The cup feed bulkhead 370 fncludes a
horizontally centering cavity 372 for the redraw die 271, That is, the cup feed
bulkhead horizontally centering cavity 372 is structuwred to hortzontally center the
redraw die 271 when the redraw die 271 1s disposed therein. That 1s, the cup feed
bulkhead horizontally centering cavity 372 is stractured to position the redraw die 271
concenirically about the ram 250 path of travel 13. Further, i an exemplary
embodiment, each spacer 400A, 4008 (discussed below) also includes a centering
cavity 422 (discussed below) structured to position a supported die concentrically
about the ram 250 path of travel 13,

The tool pack housing assembly inner surface 322 defines a number of paws of
horizontal slots 380, Each pair of horizontal slots 380 mchudes opposed slots 3807,
38077 on the tool pack housing assembly first lateral sidewall 3006 and the tool pack
housing assembly second lateral sidewsll 308, Each slot 3807, 3807 is sized to
loosely corvespond to the height of an associated die spacer 400, That 1s, specific die
spacers 4004, 4008 {discussed below) have very ditferent heights and are structured
to be placed in a specific pawr of slots 380 As used herein, “associated” means that
the identified elements are related to each other or are intended to be used together.
For example, die spacer 400A ix a thinner die spacer and is intended to be placed in a
thinner pair of slots 380A. Thus, the height of the thinner pair of slots 380A loosely
corresponds to the height of an associated die spacer 400A. Sumilardy, die spacer
4008 is a thicker dic spacer and 1s intended to be placed in a thicker pair of slots
380B. Thus, the beight of the thicker patr of slots 3808 {oosely corresponds to the

height of an associated die spacer 4008, It 1s further understood that the hetght of a



WO 2014/164949 22 PCT/US2014/023884
spectfic pair of slots 388 does not {oosely correspond 1o a die spacer 400 that 1s not
“associated” with that specific pair of slots 380, For example, the height of a thinner
pair of sjots 380A does not loosely correspond to the height of a thicker die spacer
400B.

In an exemplary embodiment, each pair of horizontal slots 380 has a height
between about 0.040 inch and 0.030 inch greater than the die spacey 400 associated
with that specific par of horizontal sots. In another exemplary embodnment, each
slot 3807, 3807 in a specific pair of horizontal slots 380 has a height about 0.045 inch
greater than the specific die spacer 400 assoctated with that specific pair of horizontal
slots 386, In an alternate exemplary embodinment, each pair of horizontal slots 380
has a height between about 0.025 tnch and 0.040 inch greater than the die spacer 400
associated with that specific pair of horizontal slots. In another alternate exemplary
embodiment, each slot 3807, 3807 in a specific pair of horizontal slots 380 has a
hetght about (.03 inch greater than the specific die spacer 400 associated with that
specific pair of honizontal slots 380.

The member of die spacers 400 includes supported die spacers 402 and floating
die spacers 404. Supported die spacers 402 are those die spacers 400 that are
supported by the tool pack housing assembly mner surface 322, Floating die spacers
404 are spacers 400 disposed on dies 430 or other spacers 400. Each die spacer 400
mnchudes a body 406 defining a central passage 408, Each die spacer central passage
408 is larger than the cross-sectional area of the punch 254, Thus, the punch 254, and
acup 1 disposed thereon, pass freely through the die spacers 400, Each die spacer 400
has a height. The number of die spacers 400 and the number of dies 450 have a
height, collectively, that loosely corresponds with the height of the cavity defined by
the tool pack housing assembly 300, The die spacers 400, however, mayv have
varving heights. Each supported die spacer 402 15 assoctated with a specific paw of
horizontal slots 380. As noted above, and i an exemplary embodiment, a sapported
die spacer 402 may be a thinner supported die spacer 402A or a thicker supported die
spacer 4028, As discussed below, each die spacer 400 may include a number of
passages 490 which are part of a coolant systent 480

Each supported die spacer 402 includes two lateral sides 410, 412, The
supported dic spacer lateral sides 410, 412 arve shaped to correspond to the shape of
the tool pack housing assembly 300. That is, as shown, when the tool pack housing

assembly 300 15 generally rectangular, the supported die spacer lateral sides 410, 412



WO 2014/164949 23 PCT/US2014/023884

are generally parallel and straight. Fach supporied die spacer 402 has a door side 414
The supported dic spacer door side 414 includes a removal tool coupling 416, That is,
the removal tool coupling 416 1s one element of a coupling that is structured to be
coupled to a removal tool (not shown). In the exemplary embodiment shown in
Figure H. the removal tool coupling 416 1s a noich in the supported die spacer door
side 414,

Each supported die spacer 402 includes an upper surface 420. Each supported
die spacer upper surface 420 includes a horizontally centering cavity 422 sized to
correspond 1o an gssociated die 450, As used herein, an “associated die” is the die
450 ntended 10 be disposad on the associated supported die spacer 402, The
supported die spacer horizontally centering cavity 422 is structured to horizontally
center a die 450 therein. That is, as noted above, the centering cavity 422 is
structured to position a suppornted die 450 concentrically about the ram 250 path of
travel 13, In an alternate embodiment, not shown, the dies 450 ave positioned by
positioning rails (not shown}.

In this configuration, the die spacers 400 may be easily moved into and out of
the tool pack housing assembly 300, For example, ininally, the dies 450 associated
with the specific supported die spacers 402 are disposed in the supported die spacer
horizontally centering cavity 422. 1If a floating die 404 is required, the floating die
404 may be placed on the relevant dies 4530, The supported die spacers 402 are then
maoved into the tool pack housing assembly 300 by placing the supported die spacers
402 in their associated pairs of slots 380, As discussed below, the compression device
470 locks the dies 450 and die spacers 400 1 place. When the compression device
470 is released, the dies 450 and die spacers 400 may be removed, e by usmg the
removal ool to pull the supported die spacers 402 from their slots 380, Accordingly,
because removal and replacement s casily accomplished, the nwnber of dies 450 mayv
include a first set of dies 440 having a first internal diameter (as discussed below) and
a second set of dies 442 having a second internal diameter, wherein in one of the first
set of dies 440 or the second set of dies 442 15 disposed 1 the tool pack housing
assembly 300,

The dies 450 include a body 452 detining a central passage 454, Inan
exemplary embodiment, the die bodies 452 have a generally circular outer surface
456, The die central passage 454 has aninternal diameter. Each die central passage

454 corresponds 1o the cross-sectional area, i.¢. has a diameter that corresponds, 1o the
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punch 254, More specifically, as discussed above, each die central passage 454 18
slightly more narrow than the preceding die 430 (7 e in the direction of travel of the
ram assemnbly during the forward stroke). In this configuration, each die 430 thins the
cup sidewall 4 and elongates the cup 1. In an exemplary embodiment, the dies 450
are a generally toras shaped and have an outer diameter as well. The supported die
spacer horizantally centering cavity 422 and the bumper distal surfaces 356
correspond to the shape of the die 450 outer surface. As noted above, the dies 450
and die spacers 400 are disposed in the tool pack housing assembly 300.

The compression device 470 shown in Figure 12, is stractured to provide axial
compression o the stack of dies 450 and die spacers 400, As shown, the compression
device 470 is disposed at the lower end of the tool pack bousing assembly 300, Je &t
the tool pack housing assembly lower sidewall 304, In this configuration, the
compression device 470 axially biases the die spacers 400 by applving an upward
force. Because, as noted above, the number of die spacers 400 and the number of dies
430 have a height, collectively, that loosely corresponds with the height of the cavity
defined by the tool pack bousing assembly 300, applying an upwardly biasing force
compresses the number of die spacers 400 and the number of dies 450, thereby,
effectively, locking the number of die spacers 400 and the number of dies 450 in
place. It is further noted that, becaunse the pairs of slots 380 have a height slightly
greater than the height of the associated die spacer, the die spacers 400 do not divectly
engage, or otherwise apply bxas 1o, the first lateral sidewall 306 or the second lateral
sidewall 308, That is, the bias created by the compression device 470 15 applied,
through the stack of die spacers 400 and dies 430, to the upper sidewall 302, The
compression device 470 includes a hifting piston 472, The lifung piston 472, in an
exemplary embodiment, has a torus shaped body 474,

The too! pack housing assembly 300 and die spacers 400 include 8 coolam
system 480, That 1s, the coolant system 480 includes a number of passages that may
be passages within specific components, such as, but not limited to, the rear sidewall
310 or a die spacer 400, but may also be created by a gap between adjacent elements,
e.g a gap between a die 450 and a die spacer 400, The coolant system 480 inclodes
an inlet 482, a distribution passage 484, a number of die spacer manifolds 486, g
number of spray cutlets 488, a number of collection passages 490, a drain passage
492, and a trough 494, The mlet 482 15 disposed on the tool pack housing assembly

300, The inlet 482 1s coupled to, and in flund communication with, a coolant source
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{not shown}. The distribution passage 484 is disposad in the tool pack housing
assembly 300, As shown, the distribution passage 484 extends penerally vertically,
thereby providing access to the die spacers 400. The distribution passage 484 is
coupled to, and in fluid communication with, the inlet 482, A number of die spacers
400, and more specifically a number of supported die spacers 402, inchude a die
spacer manifold 486, In an exemplary embodiment, a die spacer manifold 486 is a
passage extending about the die spacer passage 408. Each die spacer manifold 486 1z
coupled to, and in fluid communication with, the distribution passage 484.

Each said die spacer 400 further includes a number of spray outlets 488, Hach
spray outlet 488 s coupled to, and in fhuid commumication with, a die spacer mantfold
486 as well as the die spacer passage 408, Each spray outlet 488 is structured to sprav
a coolant into, and in an exemplary embodiment, at an upward angle into, the die
spacer passage 408, Each collection passage 490 has a first end 496 disposed
adjacent to the pack housing assembly passage 320. Each collection passage 490 s
structured to collect fluid in the tool pack housing assembly passage 320, In addition
to the collection passage 490 a number of die spacers 400 mclade a collection
reservoir 498, The collection reservoir 498 1s a cavity disposed about die spacer
passage 408, The collection reservoir 498 is coupled to, and n fluid communication
with, a collection passage 490. Each collection passage 490 is coupled to, and in flnid
communication with, the drain passage 492, The dramn passage 492 is, coupled to,
and in fluid comumunication with, the trough 494, The trough 494 s an enclosed
chamber disposed at the lower end of the tool pack housing assembly 300, The
trough 494 is further coupled to, and 1 fluid commanication with, an external drain
svstem (not shown), Thus, a coolant may be spraved on the cup 1 and ram assembly
400 when the bodymaker 10 is in operation.

Farther, as 1s known and shown w Figure 13, the bodymaker 10 may include a
domer 300. The domer has a convex die 362 disposed adjacent, but spaced from, the
tool pack 16, When the ram assembly 250 is in the second, extended position, the
punch 254, which includes a concave axial surface (not shown), is disposed
immediately adjacent the domer 500, In this configuration, the cup 1 contacts the
domer 500 creating a concave cap hottom 3 and completes the transformation of the
cup 1 to 8 can body 2. At this point in the process, the can body 2 is supported by the
ram assembly 250, The cab body 2 1s then stripped from the puach 254 when the ram

body 252 reverses direction and the can body 2 contacts the stripper element 362,
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Additionally, or m the alternative, the ram assembly 250 may melude a can gjector
such as, but not imited 1o, g pnoumatic system that mjects compressed air between
the can body 2 and the punch 254, The result is that the can body 2 is separated from
the ram assembly 230 at a location between the tool pack 16 and the domer 500

As noted above, for a bodymaker 10 wherein the ram assemblies 230 forward
stroke is upward, the take-away assemblies 18 are coupled to a housing assembly
upper end 19, fe. generally gbove the ram assembly 250, The take-away assembhies
18 are structured to grip or hold a can body 2 after the can body 2 is ejected from the
ramn assembly 250, Each take-away assembly 18 i substantially similar and onlv one
will be described below. Generally, the take-away assembly 18 s structured to Hghtly
grip a can body 2 as the ram assembly 250 completes its forward stroke and to move
the can body 2 away from the path of travel of the ram assembly 250 duning the ram
assembly return stroke. The take-away assembly 18 is further structured to reorient
the can body 2 from a vertical orientation to & horizontal orientation.

As shown in Figures 13-17, the take-away assembly 18 mcludes a drive
assembly 600 and a can body transport assembly 670. The drive assembly 600
includes a motor 602 and a support member 604 (Figs. 15 and 16). The take-away
assembly motor 602 includes a rotating output shaft 606 coupled 1o a rotating drive
sprocket 608. The drive sprocket 608 is coupled the drive assembly support member
604, Thus, the take-away assembly motor 602 1s operatively coupled to the drive
assembly support member 604 and is structured to move the drive assembly support
member 604

Farther, the take-away assembly motor 602 is structured to provide an indexed
motion to the drive assembly support member 604, That 15, the take-awav assembly
moter 602 is in either actuated, first configuration, wherein the take-away assembly
motor 602 provides motion to the drive assemibly support member 604, or in a
stationary, second configuration, wherein the take-away asserably motor 602 does not
provide motion to the drive assembly support member 604, As discussed below, the
motion of the take-away assembly motor 602 may be controlled by command signals
provided to the take-away assembly motor 602 by a controlier 782 (shown
schematically) or sensors 784, discussed below. Thus, the take-away assembly motor
602 s structured to receive and respond, e react, to comnand signals from

controller 782 or sensors 784, In an alternative embodiment, the take-away assembly
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motor 602 15 a servo-motor programmed to provide an indexed motion to the drive
assembly support member 604,

The drive assembly support member 604 is structured to support a number of
gripping assemblies 672, as discussed below. The drive assembly support member
604 15, in an exemplary embodiment, a tension member 610, As used herein, a
“tension member” i3 a construct that has 8 maximum length when exposed 1o tenston,
but is otherwise substantially flexible, such ag, but not imited to, a chain or a belt. As
shown in Figures 18 and 19, and in an exemplary embodiment, tension member 610 is
a roller chain 612, Tension member 610 is, in an alternate embodinent (not shown) a
tinnng belt. The roller chain 612 forms a generally horizonal loop 614 (Fig. 15)
The loop 614 includes a first end 616 and a second end 618. The drive sprocket 608
ts disposed at the loop first end 616 and an idler sprocket 609 15 disposed at the loop
second end. The drive sprocket 608 engages the roller chain 612, Thus, the drive
assembly support member 684, and in this embodiment the roller chain 612 moves in
a generally horizontal direction. The dnive assembly support member 604, and in this
embodiment the roller chain 612 1s disposed adjacent to the domer 300, More
specifically, the drive assembly support member 604 is disposed adjacent the gap
between the tool pack 16 and the domer 500, Thug, the drive assembly support
member 604 is disposed adjacent to the location wherein a cup body is gjected from
the ram assembly 250, Further, the drive assembly support member 604 travels over
a path 620 (or path of travel) that corresponds to generally borizontal loop 614, That
is, the drive assembly support member path is also a horizontal loop including a first
end 622 and a second end 624,

The drive assembly 600 further includes g tension member support 630, That
is, 8 tension member 610 may sag and the tension member support 630 is structured o
support and guide the tension member 610, The tension member support 630
includes a lower support element 632 and an upper support element 634, The lower
support element 632 and upper support element 634 each mclode a distal surface 636,
638 which defines a generally planar track 640. The track 640 defines the path the
tension member 610 follows. As shown, in an exemplary embodiment, the track 640
is generally oval.

The tenston member 610, 10 an exemplary embodiment, includes a number of
tower support blocks 650 and upper support blocks 652, The lower support blocks

650 and upper support blocks 632 are structured to be movably coupled to the lower
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support element 632 and the upper support element 634, respectively, The lower
support blocks 650 and npper support blocks 632 are coupled to, and in an exemplary
embodiment fixed to, the tension member 610, In an exemplary embodiment, the
lower support blocks 650 and upper suppornt blocks 632 are relatively small compared
to the length of the tension member 610 and are spaced out over the length of the
tension member 610, The lower support blocks 650 are disposed on the lower side of
tension member 610, and more specifically the lower side of roller cham 612, The
upper support blocks 652 are disposed on the upper side of tension member 610, and
ntore specifically the upper side of roller chain 612,

Each lower support block 630 and upper support block 052 includes a track
engagement surface 654, 656, respectively. The track engagement surfaces 654, 656
correspond to the shape of the lower and upper support element distal surfaces 636,
638, That is, as shown in Figure 16, in an exemplary embodiment the lower and
upper support element distal surfaces 636, 638 are rounded and the track engagement
surfaces 634, 636 are an arcuate groove 63§, 660, The lower support block and
upper support block track engagement surfaces 654, 636 are movably coupled, and
maove specifically movably directly coupled, to the lower support element 632 or
upper support element 634, respectively. In this configuration the tension member
610 travels between the lower support element 632 and the upper support element
634, In another embodiment, the tension member support 630 mcludes only a lower
support efement 632, in such an embodiment, the tension member 610 travels over
the lower support glement 632,

As shown in Figures 13 and 18-19, the can body transport assembly 670
includes a number of gnipping assemblies 672 and a reorienting chute 750, The
gripping asserabhies 672 are substantially similar and onlv a single gripping assembly
672 will be described, Bach gripping assembly 672, shown in Figures 18 and 19, 18
structured to travel across the path of the ram and to selectively grip a can body 2.
Each gripping assembly 672 includes a first base member 674 and a second base
member 676, Each first base member 674 and second base member 676 mcloades a
body 677 having an cuter side 678 and an mner sude 679, The first and second base
onter side 678 and inner side 679 extend in a generally vertical plane. Each fivst base
member 674 and seeond base member 676 includes a number of resilient elongated
gripping members 680, Each resihent elongated gripping member 680 extends

generally horizontally from the first and second base outer side 678, The gripping
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members 680 extending from the first base member 674 and second base member 676
are generally disposed m the same horizontal plane and, as such, are opposed to cach
other. That is, the gripping members 630 are opposed gripping members 680 which
are opposed across a gripping space vertical axis 712 {discussed below).

Each first base member 674 and second base member 676 1s coupled 1o the
deive asserbly support member 604 and, more speeifically on the outer side of loop
614, In an exemplary embodiment, second base member 676 is fixed to tension
member 610, Each first base member 674 movably and selectively coupled to the
drive assembly support member 604, That is, each first base member 674 i3
adiustably coupled to the drive assembly support member 604 and may be shifted
horizontally toward or away from the second base member 676,

Inn an exemplary embodunent, each first base member 674 and second base
member 676 includes a rigid mounting plate 690, Each mounting plate 690 is
disposed on the base member body inner side 679, Each second base member 676
includes circular openings {not shown) through the body 677, Fasteners 692
corresponding to the size of the circular openings extend through the body 677 and fix
the second base member 676 to the mounting plate 690. The mounting plate 690 15
coupled, and in an exemplary embodiment fixed, to the drive assembly sapport
member 604. Each first base member 674 includes a horizontally elongated opening,
Le astot 694 through the body 677, Fasteners 692 extend through the slot and
coupled the first base member 674 to the mounting plate 690. The fasteners 692 on
the first base member 674 may be loosened so as to allow the first base member 674
1o be adjusted horvizontally relative to the fixed second base member 676, Thus, each
first base member 674 18 selectively positioned in one of a first position, wherein the
irst base member 674 has a first spacing from the second base member 676 ora
second position, wheretn the first base member 674 has a second spacing from the
second base member 676,

It 15 noted that each lower support block 630 and upper support block 632 may
be coupled, and in an exemplary embodiment fixed, to a mounting plate 690

As noted above, each first base member 674 and second base member 676
imcludes a number of resilient clongated members 680, Iu an exemplary
embodiment, cach first base mernber 674 and second base metnber 676 includes a
plucality of elongated members 680, As shown i Figores 18 and 19 one

embodiment each first base member 674 and second base member 676 mcludes three
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elongated members 680, Thus, each there is a fivst set of elongated members 700
disposed on cach first base member 674, and, a second set of elongated members 702
disposed on each second base member 676. The first and second sets of elongated
members 700, 702 are further disposed in opposing pairs. That is, as used herein,
“opposing pairs” of elongated members 680 means that two elongated members 680
are in the same general horizontal plane and extend from different base members 674,
676, Further, the first base member 674 and second base member 676 are spaced
from each other. Further, the elongated members 680 in a set 700, 702 are aligned
vertically, That is, each elongated member 680 has a proximal end 682 and a distal
end 684, Each elongated member proximal end 682 is directly coupled to one of the
first or second base member bodies 677, Further, each elongated member proximal
end 082 is positioned on the first or second base mentber bodies 677 so that a vertical
axis passes through each elongated member 680 that is coupled to that first or second
base member bodies 677.

In this configuration, each gripping assembly 672 defines an elongated
gripping space 710, The gripping space 710 has a generally vertical axis 712, That
is, the gripping space 710 is defined by the vertically aligned first set of elongated
niembers 700 disposed to one side of the vertical axis 712 and the vertically aligned
second set of elongated members 702 disposed on the opposing side of the vertical
axis 712, Alternatively stated, each grpping assembly 672 includes a nwnber of pairs
of opposed, restlient elongated members 680 that are disposed in opposition across a
gripping space vertical axis 712

The pairs of opposed, resilient elongated members 680 are horizontally
separated by a distance snuggly corresponding to the horizontal cross-sectional areg
of can body 2. 1o this configuration, each gripping assembly 672 is sized to grip a can
body 2. As used herein, “grip” means the bias created when the gripping space 710 i3
slightly smaller than the size of the can body 2 and the resilient elongated members
680 are flexed outwardly when the can body 2 15 moved into the gnpping space 710,
“Omp” does not mean that the resilient elongated members 680 are flexed or
otherwise biased tnwardly in a manner similar to hwman fingers closing about an
abiect,

As shown in Figures 18 gnd 19, the resilient elongated members 680 are
ndividually structured to allow a can body 2 to move wto the gripping space 710

The individual restlient elongated members 680 are substantially similar, with the
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resilient elongated members 680 disposed on the first and second base members 676,
678 being generally mirror images, $o0 & single resiliens elonpated member 680 will be
described. As noted above, each elongated member 680 has a proxunal end 682 and a
distal end 684, Further, each elongated member 680 has a generally rectangular
cross-section including an inner side 686 and a lower side 688, Each elongated
member inner side 686 is substantially concave and has a curvature substantially
corresponding to the perimeter of a can body 2. Each elongated member lower side
688 includes an angled inner edge 689, That is, as used herein, the “inner edge™ is an
angled surface created by truncating the vertex of the elongated member inner side
686 and elongated member lower side 688,
The reortenting chute 750 is structured to reorient a can body 2 from a vertical
orientation to a generally horizontal orientation. The reorienting chute 750 includes a
vertical can body portion 752, an grcuate transition portion 754, and a horizontal can
body portion 756. The terms “vertical can body portion” and “horizontal can body
portion” relate to the ortentation of the can body 2 in the identified portion. The
vertical can body portion 732 is elongated and extends generally honzontally. The
vertical can body portion 752 includes a top guide 760, a bottom guide 762, an inner
guide 764, and an outer guide 766, The vertical can body portion goides 760, 762,
764, 766 define a passage 768 having a cross-sectional area shaped to correspond 1o a
vertical cross-section of the can hody 2. The proxamal ends, Ze. the end closest to the
ram assembly, of the vertical can body portion guides 760, 762, 764, 766 may be
flared outwardly. The vertical can body portion 732 15 disposed adjacent to the drive
assembly sapport member path 620 and, more specifically, adjacent the drive
assembly support member path first end 622, The vertical can body portion 752 is
sufficiently close to the drive assembly support member path first end 622 that, when
a pripping assembly 672 1s at the drive assembly support member path fust end 622,
the resilient elongated members 680 extend into the vertical can body portion 732
The vertical can body portion nner guide 764, which 1s disposed smmediately
adjacent the drive assembly support member path 620, inchudes a nomber of generally
horizontally extending slots 770, The vertical can body portion inner guide slots 770
are sized to correspond to the resihient elongated members 680, Farther, the vertical
can body portion tnner guide slots 770 are positioned to align with the resilient
elongated members 680, Thus, as each first base member 674 and second base

member 676 moves over the drve assembly support member path 620, the resihent
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elongated members 680 on each first base member 674 and second base member 676
move mto, a vertical can body portion inner guide slots 770, Thus, at the proximal
end of the vertical can body portien 752 and can body 2 being moved by a gripping
assembly 672 is surrounded by the vertical can body portion 752 as well as the
gripping assembly 672,

As the gripping assembly 672 moves over the drive assembly suppeort member
path first end 622 which is arcuate, the first base member 674 travels over the arcaate
drive assembly support member path first end 622 and swings away from the vertical
can body portion 752, During this motion, the resilient elongated members 680 on a
first base member 674 swing, L move over an are, out of the vertical can body
portion 752, Thus, as the gripping assembly 672 moves about the drive assembly
support member path first end 622, the frst set of elongated members 700 and the
second set of elongated members 702 spread apart as the first base member 674
travels over the drive assembly support member path first end 622 prior to the second
base member 676. This action releases the can body 2 from the gripping assembly
672,

As the second base member 676 continues to move over the drive assembly
support member path 620, the second set of elongated members 702 push the can
body toward the arcuate transition portion 754, As the can bady moves through the
arcuate transition portion 754, the can body 18 reoriented from a vertical orientation 1o
a horizontal orfentation. The can body 2 them moves mto the horizontal can body
portion 756, The can body may then be picked up by conventional can track (not
shown).

Thus, as noted above, the take-away assembly 18 s structured o lahtly goip g
can body 2 as the ram assembly 250 completes its forward stroke and to move the can
body 2 away from the path of travel of the ram assembly 250 doring the ram asserubly
return stroke.  This process may be assisted by a take-away assembly control system
780, which 1s part of a vertical bodymaker control system 800, discussed below.
Take-away assembly control system 780 inclndes a controller 782, a nomber of
sensors 784, and a number of targets 786, As used herein, a “target” 1s an object
structured to be detected by a sensor 784, A “target” wmay be, but s not himited to a
ferromagnetic material, a pattern, and a signal producing device. For example,
sensors 784 may be structured to detect when a ferromagnetic matenial 13 near. The

controtler 782 Is in electronic communication with the take-away assembly motor 602
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and the number of sensors 784, The controller 782 13 sirsctured to produce command
signals. As noted above, the take-gway assembly motor 602 may respond to such
comumand signals, e.g. the take-away assembly motor 602 may move into the first
configuration in response to one command signal and move into the second
configuration in response to another command signal. The sensors 784, wpon
detecting a target 786, provide a signal to the controller 782 which then generates the
command signal. In an alternative embodiment, the sensors 784 are m electronic
communication with the take-away assembly motor 602 and the sensors 784 produce
the command signal.

In an exemplary embodiment, each sensor 784 s structured to detect 8 target
786 and to provide a command signal in response to detecting a target 786, The drive
assembly sensor 784 disposed adjacent the drive assembly support member 604,

b d
;
¥

Further, each gripping assembly 672 inclndes a target 786, As shown, a target 786
may be a ferromagnetic material, such as, but not {imited to a nut, disposed on a
fastener 692, Thus, each time a gripping assembly 672 moves adjacent the sensor
784, a command signal 1s generated and proviaded to the take-away assembly motor
602, The command signal 1s generated and provided to the take-away assembly
motor 602, Another sensor (not shows, hereinafter the “lower sensor™) may be
disposed adjacent 1o an element of the operating mechanism 14, such as, but not
timited to, a redraw cam 274, I this configuration, the element of the operating
mechanism 14, such as, but not imited to, a redraw cam 274, is & "target.” As the
element of the operating mechanism 14 rotates or moves generally vertically, as
described above, the lower sensor detects the element and provides a signal to the
controller 782 or a command signal to the take-away assembly motor 602,

T this configuration, the comtroller 782 or the sensors 784 may control the
take-away assembly motor 602, For example, if the take-away assembly motor 602 15
in the actuated, first configuration, the drive assembly support member 604 15 in
motion along with the gripping assemblies 672, As a gripping assembly 672 moves
into postiion over the ram path of travel, a sensor 784 detects a target 786 on a
gripping assembly 672, That i, the sensor is positioned s0 as to detect a target 786
when a gripping assembly 672 moves nto position over the ram path of travel. When
this target 786 15 detected, a command signal 15 provided to the take-away assembly
motor 602 causing the take-gway assembly motor 602 {o move 1t the stationary,

second configuration. Thus, the gripping assembly 672 is positiongd over the ram
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path of travel. Ag described above, the ram assembly 250 moves a can body 2 into
the space between the tool pack 16 and the domer 300, which s also where the
gripping assembly 672 is positioned.

As the can body 2 is gjected from the ram assembly 250, as deseribed above,
the can body 2 is gripped by the gripping assembly 672, As the operating mechanism
14 rotates, the redvaw cam 274 moves past the lower sensor and a command signal is
provided 1o the take-away assembly motor 602 and the take-away assembly motor
602 returns to the actuated, first configuration causing the drive assembly suppornt
member 604 to move and transfer the can body 2 to the reorienting chute 750 as
described above. That iy, the lower sensor is positioned to detect the redraw cam
274 when the ram assembly 250 18 not 1n the second extended position. This cycle
then repeats with each gripping assembly 672 stopping over the ram path of travel
and picking up a can body 2.

Put another way, when the ram assembly 230 s m the first position, the take-
away assembly motor 602 is in the first configuration, and, when the ram assembly
250 15 in the second posttion, the take-away assembly motor 602 1s in the second
configuration. Further, when the ram assembly 250 is in the second position, the
gripping space vertical axis 712 is generally aligned with the ram assembly 250
fongitudinal axis. [n this configuration, the ram assembly 250 deposits a can body 2
in gach gripping assembly 672 duning a cycle,

Operation of the vertical bodymaker 10 may be directed by a vertical
bodymaker control svstem 800, shown schematically in Figure 2. The vertical
bodymaker conirol svstem 800 includes a master control unit 302, a mumber of sensor
assemblics (3 motor sensor assembly 804 is shown schematically in Figure 9), and a
namber of component control units 806, The various elements of the vertical
bodymaker control system 800 are in electronic commumication with each other vie
hard line ov wireless communication systems (neither shown). The sensor assemblies
804 are disposed on vanious elements of the vertical bodymaker 10 and are structured
to generate data related to the various components.  The sensor assemblies 804
further generate a signal incorporating the data which 1s communicated to the master
control unit 802, Such data s identified heremafter as sensor data.

The master control unit 802, 11 one embodiment, includes 8 progranmumable
togic controller {not shown) as well as a memory device {not shown). The memory

device mcludes executable logic, such as, but not limited to, computer code. The
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executable logic is processed by the programmable logic controller. That s, the
programmable logic controller receives sensor data that is processed according to the
executable logic. Based on the sensor data, as well as other input such as but not
Himited to a timer, the executable logic generates control unit data. The control unit
data 1s then commuicated o the various component control units 806,

The component control units 806 are structured to control selected elements of
the vertical bodymaker 10, For example, the take-away assermnbly control svstem 780
discussed above is one component controf unit 806, Other component control units
R06 juctude, but ave not limited 1o, a cup feed assembly coutrol unit, & motor control
unit, and 3 preumatic systent control uait (none shown). Each componant control unit
806 also includes a progranuuable logic controller (not shown) as well as a memory
device {not shown). As described above, each component control unit 806
programmable logic conroller processes executable logic or commands from the
master control unit 802, It is understood that each compoenent control unit 306 is in
electronic communication with a component that is electronically controlled.

For example, the motor control wnit 1s electronically coupled to and structured
to control operating mechanism motor 152, A motor sensor assembly 804 (shown
schematically in Figure 9) mcludes a rotary timing device 810 (Figore 9) such as, but
not Himited to, a resolver or encoder, that is structored to detect the position of the
crankshaft 150, The motor sensor assembly 804 generates crankshaft position data
that is communicated to the master control unit 392,

Further, the cup feed assembly control unit is electronically coupled to, and
structured to control, the rotatable feeder disk assembly motor (not shown). The cup
feed assembly control unit receives data from the master contrel unit 802 such as
crankshaft position data. The cop feed assembly control unit processes the crankshaft
posttion data to determine when to actuate the rotatable feeder disk assembly motor
{not shown}. In an alternate embodiment, a cup feed assembly sensor assembly (not
shown) deternmnes and provides feeder disk position data the master control wut 802,
The master control unit 802 processes the crankshaft position data and the feeder disk
position data and sends a command signal to the cup feed assembly control unit to
actuate the rotatable feeder disk assembly motor at the proper time,

As a further example, the pneamatic systen control unit is structured to
control the preunatic system (not shown). For example, the master control oot 802

processes the crankshaft position data and sends a command to the preumatic system
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control unit actuating the pneamatic system to eject a can body 2 at the proper time as
described above.

it s understood that the vertical bodymaker control system 800 is structured
to ensure proper timing of the various components and the timing of the actions
described above so that the actions vecuy at the proper time and to ensure the
components do not interfere with each other.

While specific embodiments of the disclosed concept have been described in
detail, it will be appreciated by those skilied in the art that various modifications and
alternatives to those details could be developed tn light of the overall teachings of the
disclosure. Accordingly, the particular arrangements disclosed are meant to be
dlustrative only and not inuiting as to the scope of the disclosed concept which is to

be given the full breadth of the claims appended and any and all equivalents thereof.
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What is Claamed is:

i A cup feed assembly (12) comprising:

a chute assembly (20} mcluding a generally arcuate, generally horizontal
transfer chute (40), said transfer chute (40) including an outer second side member
{56), a first end (42) and a second end {(44), said transter chute first end (42) in
communication with saxd feeder chute outlet end {32), said outer second side member
{56) at said transfer chute second end {(44) including a first biasing device (100},

a rotatable feeder disk assembly (80) including a body {82) with
circumicrential surface (84), said circumferential surface (84} including a first portion
(80), a second portion {88}, and a third portion (90}, sard disk body first portion (86)
having a generally constant radius, said disk body second portion {88} haviag a
reducing radius, said disk body third portion {90) being a pocket (94);

said feeder disk body (82} disposed in a generally horizontal plane and
partially disposed in said transfer chute (40},

a cup locator (70} defining a holding space (76}, said holding space {76} n
commaunication with said transfer chute second end {$4);

wherein said feeder disk assembly (80) 15 structured to move a cup (1)
disposed at feeder chute outlet end (32} through said transfer chute (40) into saxd cup
tocator {70); and

wherein said first biasing device (100} 1s structared to maintain a cup (1) in

said holding space {76).

2. The cup feed assembly {12) of Claim 1 wherein said transfer chute
second end {44} is defined only by generally vertical surfaces.

3. The cup feed assembly (12) of Claim 1 wherein said transfer chute
second end (44} mcludes an inner guide rail (64) and an outer guide razl (66} with no

horizontal member therebetween.

4, The cup feed assembly (12) of Clamm 1 wherein

satd transtor chute (40) includes a medial portion {43) and a generally planar
horizontal member (32);

saud transfer chute first end (42) defined by an inner wunde ranl {64) and an

outer guide ratl {(66);
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said transfer chute medial portion (43} defined by an inver goide rail {64 and
an outer puide rail (66); and
satd transfer chute second end (44) defined by an mner guide rail {64) and an

outer guide rail (60).

3. The cup feed assembly (12} of Claim 1 wherein:
said first biasing device (100} includes a number of resihent members (104);
and

said resilient members (104} extending partially mto sad transfer chute (40).

6, The cup feed assembly (12) of Claim 1 wherein said first biasing

device {100} s a brush assembly (112) including a number of bristles {(114).

7. The cup feed assembly {12} of Claim 1 wherein:

said wansfer chute (40} includes a medial portion (43) and 2 generally planar
horizontal member {(32);

said transfer chute first end {42} defined by an inner guide rail (64) and an
outer gwde rail (66);

said transfer chute medial portion (433 defined by an inner guide rail {(64) and
an outer gude rail (66);

satd transfer chute second end (44) defined by an inner guide rail (64) and said
Trst blasing device (100);

said first biasing device (100} includes a namber of resilient members (104);

wherein said resitlient members (104) have a distal end (110); and

wherein a plurality of said resilient member distal ends (110} define a venical
surface (111), said resthent member vertical surface {111) extending substantially

paraliel to said inner guide rail (64).

8. The cup feed assembly (12) of Claim 1 whereln said disk body first

portion (86} includes a second biasing device (102}

9, The cup feed assembly (12) of Clanu 8 wherein:
saud second biasing device {(102) includes an arcuate guide rail (120) and a

number of biasing devices (122
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said disk body first portion (86} meludes a cotout {92) having a redaced

radius;
satd arcuate guide rail {120) disposed in said disk body first portion cutout
(92),

said biasing devices (102} disposed between said arcuate guide vail (120} and
said feeder disk body (82); and

wherein said arcuate goide rail (120) is biased generally radially ontwardly.

10, The cup feed assembly (12) of Claim 9 wherein said arcuate guide vail

{120} is movably coupled to said disk body {82}

P, The cop feed assembly (12) of Claim § wherein;

said second biasing device {(102) includes an arcugte goide rail (120);

said disk bedy first portion (86} includes a cutout {92) having a reduced
radius:

sawd arcuate guide rail (120) disposed in said disk body furst portion eatout
{92} and

wheremn sawd arcuate guide rail (120) 1s a resihent body (121).

12, The cup feed assembly (12) of Claim 1 wherein said chate asserubly
{20} mcludes a feeder chute {22 having an outlet end (32}, said feeder chute outlet
end (32} including support surface (34, wherein said support surface (34) is generally

horizontal at said feeder chute outlet end (32).

13, The cup feed assembly (12) of Claim 12 wherein;
said feeder chute (22} includes an tnlet eud (28) and a medial portion (30},
said feeder chute inlet end (QR) extending generally vertically; and

said feeder chute medial portion (30) being generally arcuate.
14, The cup feed assembly (12) of Claim 1 wherein the exclusive force
moving said cup (1) through said transfer chute (40} 1s the force provided by said

rotatable feeder disk assembly (80}

15, A bodymaker (10) comprising:
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a housing assembly (11) inchuding an upper end {19);

a cup feed assembly (12), said cup feed assembly (12 coupled to satd housing
assembly upper end (19};

a ram assembly (250) coupled to said housing assembly (11} and disposed
generally below said cop feed assembly (12);

a vertical tool pack (16), said tool pack (16} coupled 10 said housing assembly
upper end {19},

a take-away assembly (18} coupled to said housing assembly upper end {19);

said cup feed assembly {12) including a chote asserably (20), a rotatable
feader disk assembly (30), and a cup locator (70);

said chute assembly (20) including a generally arcuate, generally horizontal
transfer chute {(40), said transfer chute (40) including a first end (42) and a second end
{44), said wansfer chute first end (42) in commuynication with said feeder chute outlet
end {32}, said outer sidewall at said transfer chute second end {44) including a first
biasing device {100};

said rotatable feeder disk assembly (80) including a body (82} with
circumiferential surface {84), said circumferential surface (84} including a first portion
{6}, a second portion {(88), and a third portion (90}, said disk body first portion {86}
having a generally constant radius, said disk body second portion {88} having a
reducing radius, said disk body third portion (90) being g pocket (94);

said feeder disk body (82) disposed 1 a generally horizontal plane and
partially disposed in said transfer chute (40),

said cup locator (70) defining a holding space {76), said holding space (76} in
communication with said wransfer chute second end {44);

wherein said feeder disk assembly (80} 1s structured 1o propel a cup (1)
disposed at foeder chute outlet end (32} through said transfer chute (40 to sad cup
locator (70); and

wherein said first biasing device {100} 15 structored to mamtain a cup (1) in

said holding space {76).

16, The bodymaker (10) of Claim 15 wherenn:
said transfer chute (40} includes a medial portion {43) and a generally planar

horizontal member (32);
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said transfer chute first end {42) defined by an inner gaide rail {643 and an
outer gutde ratl (66},

satd transfer chute medial portion (43} defined by au inner guide rail (64) and
an outer guide rail (66); and

said transfer chute second end (44 defined by an inner guide rail (64) and an

outer gwmde ral (66).

17, The bodymaker (10} of Claim 15 wherem:
said first biasing device (100} includes a number of resilient mernbers (104);
angd

said resiliont members (104} extending partially into said transfer chute (40).

18 The bodymaker (10) of Claim 15 wherein said disk body first portion

(86} includes a second biasing device (102}

19, The bodymalker (10} of Claim 18 wherein:

said second biasing device {102} includes an arcuate guide rail (120) and a
number of biasing devices {100, 102);

said disk body first portion (86) includes a cutout {92) having a reduced
radins;

satd arcuate guide rail (120) disposed in said disk body first portion catout
{92

said biasing devices {102) disposed between said arcuate guide vail (120} and
said feeder disk body (82); and

wherein said arcuate guide rail {120} s biased generally radially outwardly.

20. The bodymaker {10} of Claim 14 wherein said chute assembly (20}
includes a feeder chute (22) having an outlet end (32}, said feeder chute outlet end
{32} inchuding support surface {34}, wherein said support surface is generally

horizontal at said feeder chute outlet end (32),



WO 2014/164949 PCT/US2014/023884

1/15

<22

10 12
\ \@

754~ o e . 16

756 L Tl
E O olk ° 2
11—l 230 \\_; 17 -0 Z ;
Q . E 0 s || UL
230 LT | e B
76, N1 R ok
=\\‘\\o o :O 1:\-0 1B
\'/ 0 2 0=L NG | »
R

on
[l
©
)
{
0@
3 Q
@
<

n
ey
%)
/
()
g
L)

RO

° <))

8- g FIG.1



PCT/US2014/023884

WO 2014/164949




WO 2014/164949 PCT/US2014/023884

R
=
2N NN
o) E T
S A) K
L5
ez
7,

270
-



PCT/US2014/023884

WO 2014/164949

4/15

O




PCT/US2014/023884

WO 2014/164949

5/15




PCT/US2014/023884

WO 2014/164949




PCT/US2014/023884

WO 2014/164949

7 /15




WO 2014/164949 PCT/US2014/023884

8 /15
Vm
3

P S 154
e -
v 1250
< 258

2508~ | 1230
!L 51 L0
|
|

256\|

s\

ok

0

[ann)

I
[
T




WO 2014/164949 PCT/US2014/023884

FIG.10

346 |

. Ndfe

3808 380

306




WO 2014/164949 PCT/US2014/023884

10 /15

i IS
i

RS )

. // i / -+

¥ / LS
"y




/ 488

/
|

486

\\\\@mw

<

16

312

WO 2014/164949 PCT/US2014/023884
11/15 314
302 NS SESSIaEL7 Se o
N SN a7t /
300;; % /“/ | / X
g — N | NN
3 |
\ 7 | \
! \ ' [ |
| e
} SN\ B
i \Nﬂami \\ =
i \ | 498_496 :
| ,
jij| ===
480\;i 7 L
| N7 |
AN\
484\% | ;
| i
| AN
2% ‘
7O 4n |
\ [ |
B N-370 {372 | 216
W f/ 490




WO 2014/164949 PCT/US2014/023884

’
782
|
|

O O @]

)’/51
602~
|

502 TH
|

r_
2]
2}

500
i

j
FIG.13

]

©

@l s

T _I_'__I_I__'_| -_/
—
I = o e |

@] o o pP—

LSy

[l aden el ke |

CHOH 1L

o0

200

7184

T

FG.14




WO 2014/164949 PCT/US2014/023884

FIG.16



PCT/US2014/023884

14 /15

WO 2014/164949

4 101A

®;
6L, 191 )
S \
| = ]
1 u CHINO -3 CHIO ﬁuu
ol @ [[ao)! [0 i[O ]
T i OO 2t OO ﬁm-w
_ar - ar _
m |
_ il | 09/
8 m |
| [
l _ L Hy [
009— _
—
_
|




PCT/US2014/023884

WO 2014/164949

680

676

680

680

688

' ‘\7

682

lox)
|
(¥'eg




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2014/023884

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - B21D 43/14 (2014.01)
USPC - 413/69

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) - B21D 43/04, 43/14, 51/26 (2014.01)

Minimum documentation searched (classification system followed by classification symbols)

USPC - 72/361, 420, 424, 428; 414/749.1, 795.4, 797.7; 413/4, 69, 73, 78

CPC - B21D 43/14, 51/26, 51/2692 (2014.02)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PatBase, Google Patents, Google

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5,566,567 A (MAIN) 22 October 1986 (22.10.1996) entire document 1-20
A US 5,431,038 A (CHEERS et al) 11 July 1995 (11.07.1995) entire document 1-20
A US 4,928,511 A (SIRVET) 29 May 1990 (29.05.1990) entire document 1-20
A US 5,572,891 A (KLEIN et al) 12 November 1996 (12.11.1996) entire document 1-20
A US 5,121,620 A (HAULSEE) 16 June 1992 (16.06.1992) entire document 1-20

l:l Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apglication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

24 June 2014

Date of mailing of the international search report

18 JUL 7014

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §71-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - wo-search-report

