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FOLDING WING ASSEMBLY FOR CUP FORMING 
MACHINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. Not Applicable. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

0002) Not Applicable. 

TECHNICAL FIELD 

0003. The present invention relates generally to a folding 
wing assembly for a cup forming machine, and more spe 
cifically to a computer controlled folding wing assembly 
having individual controls for the left and right folding 
wings. 

BACKGROUND OF THE INVENTION 

0004 Cup forming machines and folding wing assem 
blies therefor are well known in the art. Such folding wing 
assemblies are generally used to fold a sidewall for a paper 
cup around a mandrel during the cup forming process. While 
Such folding wing assemblies according to the prior art 
provide a number of advantageous features, they neverthe 
less have certain limitations. The present invention seeks to 
overcome certain of these limitations and other drawbacks 
of the prior art, and to provide new features not heretofore 
available. A full discussion of the features and advantages of 
the present invention is deferred to the following detailed 
description, which proceeds with reference to the accompa 
nying drawings. 

SUMMARY OF THE INVENTION 

0005 The present invention generally provides a folding 
wing assembly for folding a sidewall for a paper cup around 
a mandrel on a paper cup forming machine. In one embodi 
ment, the folding wing assembly has a left folding wing 
apparatus having a left folding wing and a first motor to 
drive the left folding wing, and a right folding wing appa 
ratus having a right folding wing and a second motor to drive 
the right folding wing. 
0006. According to another embodiment, the folding 
wing apparatus also has a controller electrically connected to 
the folding wing motors. The controller has a memory to 
store separate drive profiles for the first and second motors. 
In one embodiment the controller has an input station to 
allow an operator to enter parameters for electronically 
controlling the first and second motors. 
0007 According to another embodiment, a folding wing 
assembly is provided for folding a sidewall for a paper cup 
around a mandrel of a cup forming machine. The folding 
wing assembly has a left folding wing member, a right 
folding wing member, and independent controls for the left 
and right folding wing members. 
0008 According to another embodiment, the folding 
wing assembly has a left folding wing, a right folding wing, 
a drive mechanism mechanically connected to the left and 
right folding wings, and a controller electrically connected 
to the drive mechanism to independently control movement 
of the left and right folding wings. 
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0009. According to another embodiment, the folding 
wing assembly has a left folding wing that moves according 
to a left folding wing drive profile, a right folding wing that 
moves according to a right folding wing drive profile, and a 
controller operably connected to the folding wings. In one 
embodiment the controller adjusts the left and right folding 
wing drive profiles, and in another embodiment the control 
ler adjusts the left and right folding wing drive parameters. 
0010. Other features and advantages of the invention will 
be apparent from the following specification taken in con 
junction with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 To understand the present invention, it will now be 
described by way of example, with reference to the accom 
panying drawings in which: 
0012 FIG. 1 is a top view of one embodiment of a cup 
forming machine; 
0013 FIG. 2 is a front elevation view of the cup forming 
machine of FIG. 1; 
0014 FIG. 3 is a perspective view of a cup manufactured 
on the cup forming machine of FIG. 1; 
0015 FIG. 4 is a top plan view of the sidewall blank and 
bottom wall blank of the paper cup of FIG. 3; 
0016 
FIG. 3; 
0017 FIG. 6 is a cross-sectional view about line 6-6 of 
the cup of FIG. 3: 
0018 FIG. 7 is a cross-sectional view of a partially 
formed cup; 
0019 FIG. 8 is a schematic drive layout of one embodi 
ment of the paper cup forming machine; 
0020 FIG. 9A is a top plan view of the transfer turret 
assembly; 

0021 FIG.9B is a top plan view of the transfer turret 
assembly with the heaters removed; 

FIG. 5 is an exploded view of the paper cup of 

0022 FIG. 10 is an elevation view of the folding wing 
workstation in a disengaged position; 
0023 FIG. 11 is an elevation view of the folding wing 
workstation in an engaged position; 
0024 FIG. 12 is a motion profile for a folding wing 
workstation; 
0025 FIG. 13 is a perspective view of a bottom heating 
workstation; 

0026 FIG. 14 is a perspective view of the first bottom 
forming workstation; 
0027 FIG. 15 is a perspective view of the second bottom 
forming workstation; 
0028 FIG. 16 is a perspective view of the mounting 
assembly of the second bottom forming workstation of FIG. 
15: 

0029 FIG. 17 is a perspective view of the linear motion 
assembly of the second bottom forming workstation of FIG. 
15: 
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0030 FIG. 18 is a partial exploded view of the second 
bottom forming workstation of FIG. 15: 
0031 FIG. 19 is an end schematic view of the offsets of 
the second bottom forming workstation; 
0032 FIG. 20 is a perspective view of the barrel of the 
second bottom forming workstation; 
0033 FIG. 21 is a motion profile for the second bottom 
forming workstation; 
0034 FIG. 22 is a perspective view of the tamper and 
lube workstation; 
0035 FIG. 23 is a perspective view of one of the curl 
stations; 
0.036 FIG. 24 is an example of a bottom punch work 
station setup screen; 
0037 FIG. 25 is an example of a sidewall die/feed setup 
Screen; 

0038 FIG. 26 is an example of a transfer turret setup 
Screen; 

0.039 FIG. 27 is an example of a folding wing setup 
Screen; 

0040 FIG. 28 is an example of a bottom heater setup 
Screen; 

0041 FIG. 29 is an example of a first bottom forming 
Setup Screen; 

0.042 FIG. 30 is an example of a second bottom forming 
setup screen; 

0.043 FIG. 31 is an example of a horizontal rimming 
turret setup screen; 

0044) 
Screen; 

FIG. 32 is an example of a tamper and lube setup 

0045 FIG. 33 is an example of a pre-curl setup screen; 
and, 
0046 FIG. 34 is an example of a finish curl setup screen. 

DETAILED DESCRIPTION 

0047 While this invention is susceptible of embodiments 
in many different forms, there is shown in the drawings and 
will herein be described in detail preferred embodiments of 
the invention with the understanding that the present dis 
closure is to be considered as an exemplification of the 
principles of the invention and is not intended to limit the 
broad aspect of the invention to the embodiments illustrated. 
0.048 Referring now to the Figures, and specifically to 
FIGS. 1 and 2, there is shown a cup forming machine 10. 
The cup forming machine 10 in the present example gen 
erally comprises a main or mandrel turret 12, a transfer turret 
14, and a rimming turret 16 mounted on a frame 18, 
however, the cup forming machine may be comprised of a 
variety of turrets and workstations in a variety of configu 
rations. In the exemplar embodiment, each of the turrets 14, 
16, 18 are horizontal-type turrets. 
0049 Turning again to FIGS. 1 and 2, a plurality of 
workstations surround the mandrel turret 12, transfer turret 
14 and rimming turret 16. Specifically, in this example some 
of the workstations include, but are not limited to: a sidewall 

Jun. 15, 2006 

feeder workstation 20, a sidewall die cutter workstation 22, 
a bottom punch workstation 24, a folding wing workstation 
26, a first bottom heater workstation 28, a second bottom 
heater workstation 30, a first bottom forming workstation 
32, a second bottom forming workstation 34, a tamper and 
lube workstation 36, a pre-curl workstation 38, a finish curl 
workstation 40, a production discharge workstation 42 and 
a reject discharge workstation 44. Each of the workstations 
is typically mounted to the frame 18 of the cup forming 
machine 10. During continuous operation of the cup forming 
machine 10, each partially formed cup 46 generally engages 
each workstation once. Hence, one finished cup 90 is 
produced per each cycle of the cup forming machine 10. It 
is understood that while a cup forming machine having a 
particular configuration with various workstations is 
described herein for purpose of example, one of ordinary 
skill in the art would readily understand that the teachings 
herein have broad applicability and apply to numerous other 
types of cup forming machines and configurations thereof. 

0050. In a conventional cup forming machine, a single 
main drive motor connected to a single main drive shaft 
rotating at a constant angular Velocity is utilized to provide 
the drive for each of the turrets and workstations. Typically, 
one drive shaft revolution constitutes one machine cycle, 
during which each workstation performs a particular task on 
the cup or component thereof associated with a particular 
mandrel. To ensure that each workstation engages and 
performs its task on each cup at the appropriate time, the 
myriad of mechanical apparatuses and the turrets with which 
they cooperate are driven by the single main drive shaft. 
Having a single main drive shaft, however, detrimentally 
affects the machine performance and capabilities. For 
example, horsepower is transmitted from the drive shaft at 
various points along its length by belts, pulleys, chains, 
gears, cams, etc. which in turn Supply power to each of the 
turrets and workstations. As many of the mechanisms of the 
turrets and workstations move, they extract horsepower 
from the main drive shaft during some portion of each 
machine cycle. Further, in order to modify the drive char 
acteristics of each turret and workstation, various compo 
nents must be changed and/or re-machined. Additionally, 
accelerations of mechanisms on the conventional cup form 
ing machine are slower, thereby allowing a lesser amount of 
dwell time for each mechanism to perform its function. 

0051 Conversely, in a preferred embodiment of the 
present invention, a plurality of drive motors are utilized to 
drive the different turrets and workstations. The drive motors 
receive signals from various controllers and are controlled 
thereby. Further, the drive parameters and profiles may be 
independently modified electronically and substantially in 
real time, and the profiles may be created to allow for 
increased dwell time of each workstation. In one example of 
the paper cup forming machine 10, approximately 18 dif 
ferent servo axes (17 axes with servo motors, 4 axis for the 
encoder for the virtual motor 52, and / axis for the digital 
encoder 296 for the second bottom forming workstation 34) 
and 22 different motors (21 physical motors and 1 virtual 
electronic motor) are provided and controlled by the main 
controller 49. As explained in detail herein, the main con 
troller 49 has a memory that stores a plurality of drive or 
motion profiles, and the main controller 49 is electrically 
connected to a plurality of drives of various motors and 
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sends signals of the drive profiles to those motors via their 
respective drives. Referring to FIG. 8, in this embodiment 
there exists: 

Motor Axis Reference 
Number Number Motor Description Number 

1 1 Main Turret Drive Motor 50 
2 Virtual Motor 52 
3 4 Transfer Turret Motor S4 
4 14 Horizontal Turret Motor 56 
5 2 Sidewall Feeder Motor 58 
6 3 Sidewall Paper Die Motor 60 
7 5 Left Folding Wing Motor 62 
8 6 Right Folding Wing Motor 64 
9 7 Bottom Paper Feed Motor 66 
10 8 Bottom Paper Punch Motor 68 
11 9 First Heater Motor 70 
12 10 Second Heater Motor 72 
13 11 First Bottom Forming 74 

Linear Motor 
14 First Bottom Forming 75 

Rotary AC Motor 
15 13 Second Bottom Forming 76 

Phase Adjustment Motor 
16 12 Second Bottom Forming 78 

Linear Motor 
17 Second Bottom Forming 8O 

AC Rotary Motor 
18 15 Tamper Lube Motor 82 
19 16 Pre-Curl Motor 84 
2O 17 Finish Curl Motor 86 
21 Sidewall Paper Loop (Not 

Control AC Motor Shown) 
22 Bottom Paper Loop (Not 

Control AC Motor Shown) 

0.052 The controls and drive arrangements for each of the 
motors and workstations are described herein. 

0053. The paper cup forming machine 10 creates a fin 
ished paper cup 90 such as shown in FIGS. 3-7. This paper 
cup 90 is formed from a sidewall blank 92 wrapped around 
a bottom blank 94 that is disposed generally transverse 
thereto. The sidewall blank 92 is cut or punched from a 
continuous roll of paper at the sidewall die cutter worksta 
tion 22, and the bottom bank 94 is cut or punched from a 
continuous roll of paper at the bottom punch workstation 24. 
Alternatively, sidewall blanks 92 and bottom blanks 94 may 
be fed by blank feeders into the cup forming machine 10. In 
one embodiment, the sidewall blank 92 has a leading edge 
91, adjacent the distal portion 112 of the blank 92, a trailing 
edge 93, which is rolled to form the overturned rim 106 of 
the cup 90, a first longitudinal edge 95 and an opposing 
second longitudinal edge 97. 

0054 When formed, the paper cup 90 has a overlapping 
longitudinal sidewall seam or seal 96 at the joint between the 
first and second opposing longitudinal edges 95, 97, a 
bottom seal 98 at the joint between the skirt 100 of the 
bottom blank 94 and the bent lip 102 at the lower region 104 
of the sidewall blank 94, and a curled overturned rim 106 at 
the upper region 108 of the sidewall 92 leading into the 
cavity 110 of the cup 90. The longitudinal sidewall seam 96 
is formed by overlapping one of the first or second longi 
tudinal edges 95, 97 over the other edge 95, 97. The bottom 
seal 98 is formed by bending the distal most portion 112 of 
the sidewall 92 to form the bent lip 102. The bent lip 102 is 
folded over the skirt 100 portion of the bottom blank94 such 
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that the skirt 100 is squeezed between the distal portion 112 
of the sidewall 92 and the bent lip 102 of the sidewall 92. As 
such, the bottom seal 98 is formed of three plies of paper. A 
recessed area 116 is created adjacent the side of the bottom 
blank 94 opposing the cavity 110 of the cup 90. 
0055. The typical cup 90 is made from paperboard blanks 
having a thermoplastic coating, such as a polyethylene, on at 
least one side of the blank. The thermoplastic material 
permits heating and sealing of adjacent components. It is 
understood that alternative types of coatings, including 
environmental friendly coatings, may be utilized with the 
present invention. In one embodiment of the cup 90, the 
sidewall blank 92 is a 185 lb. board and has a 0.75 mil. 
thermoplastic coating on one surface of the blank 92 (i.e., 
the surface which becomes the inside surface 118 of the 
formed cup 90). Athermoplastic coating may also be applied 
to the other surface of the blank 92 in different embodi 
ments. The bottom blank 94, however, is made of a 126 lb. 
board and has a thermoplastic coating on both of it surfaces. 
One surface of the bottom blank 94 has a 0.75 mill. thermo 
plastic coating and the other surface of the bottom blank 94 
has a 0.75 mil. thermoplastic coating. Accordingly, in the 
example of the bottom seal 98 described above, when the 
sidewall blank 92 is wrapped around the bottom blank 94, 
the adjacent heated thermoplastic coated Surfaces of the 
distal portion 112 of the sidewall 92, the skirt 100 of the 
bottom blank 94, and the bent lip 102 of the sidewall blank 
92 are pressed together at the second bottom forming 
workstation 34 to form a strong, leak-proof bottom seal 98. 
While this disclosure provides an example of a paper cup 
formed with paper having a thermoplastic coating, it is 
readily understood by one of ordinary skill in the art that the 
cup forming machine of the present invention can manufac 
ture different types of cups as well, including plain paper, 
waxed paper, etc., and those cups utilizing adhesive seals 
instead of poly Seals. Further, if a thermoplastic coating is 
utilized, it may be applied to one or both surfaces, and it may 
be applied in differing thicknesses. The paper types and 
thicknesses may vary also. Additionally, it is readily under 
stood by one of ordinary skill in the art that the scope of the 
present invention is not limited to cup forming machines 
having the identified workstations, and instead the broad 
aspect of the present invention is applicable to a variety of 
cup forming machines and configurations thereof. 
0056. The mandrel turret 12 is positioned about a vertical 
axis, and is driven by the main turret drive motor 50 as 
explained above. The mandrel turret 12 has a plurality of 
mandrels 48 extending radially outward from the mandrel 
turret 12. The mandrels 48 are typically frusto-conically 
shaped, like the cup 90, and provide a surface on which the 
cups 90 are formed. If the cup or container 90 that is being 
formed has a straight wall, however, the mandrel 48 will also 
have a straight wall. In a preferred embodiment, the mandrel 
turret 12 has eight equally spaced mandrels 48, i.e., spaced 
approximately every 45° about the mandrel turret 12. Fur 
ther, in a preferred embodiment the main turret motor 50 is 
a servo motor that has a servo drive component to receive 
command signals from the main controller 49, and send 
signals back to the controller 49 and to various drives for 
other workstations. 

0057. In a preferred embodiment, as explained above, the 
main turret motor 50 is a servo motor. In general, servo 
motors are electric motors that are designed for high dynam 
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ics. The servo motor operates with a servo drive (or ampli 
fier) to control the motor current. The servo drive controls 
the current of the motor phases in order to supply the servo 
motor with exactly the current required for the desired 
torque and the desired speed. Further, the servo motor is 
equipped with a position sensor, Such as an encoder, which 
provides the servo drive with position and speed feedback. 
As opposed to conventional AC motors which are generally 
operated at a constant speed (open loop control), a servo 
drive often operates at highly variable speeds, and often has 
to accelerate to the rated speed within milliseconds only to 
decelerate a short time later just as quickly. With servo 
motors the target position often must be reached exactly with 
an error of a few millimeters depending on the rating of the 
motor and drive. To accomplish this function, the servo 
controller typically has three control loops (torque, Velocity, 
position) that drive the power circuit of the motor by 
constantly comparing a desired position with actual values 
to ensure that the motor keeps exactly to the desired motions 
even under varying load and rapid accelerations and decel 
erations. Generally, feedback information for the motor is 
derived from an encoder attached to the motor shaft of the 
servo motor. The encoder generates a pulse stream from 
which the processor can determine the distance traveled, and 
by calculating the pulse frequency it is possible to measure 
velocity. The drives firmware is programmed with a math 
ematical model (also referred to as an algorithm or profile). 
The algorithm or profile predicts the behavior of the motor 
in response to a given input command and output position. 
The drive profile also takes into account additional infor 
mation like the output velocity, the rate of change of the 
input and the various tuning settings. 
0058. The main turret motor 50 is electrically connected 

to a plurality of workstations spaced about the periphery of 
the main turret assembly. Such electrical connection may be 
director indirect. In a preferred embodiment, the servo drive 
of the main turret motor 50 has three programmable limit 
switch outputs. These outputs allow the drive of the main 
turret motor 50 to send out electronic signals when pre 
programmed positions are reached by the main turret motor 
50. Accordingly, the main turret motor 50 develops electrical 
signals of the position of the main motor 50 and sends the 
electrical signals to the workstations electronically con 
nected thereto to initiate action of the workstations. In a 
preferred embodiment as shown in FIG. 8, the three pro 
grammable limit switch output signals of the drive of the 
main turret motor 50 are provided to: (1) the left and right 
folding wing motors 62, 64; (2) the first and second bottom 
heater motors 70, 72; and, (3) the first bottom forming motor 
74. The main turret motor 50 also sends a motion data 
(positional information) signals 61 directly to the sidewall 
paper die motor 60 through the sidewall paper die motors 
drive. The drive of the sidewall paper die motor 60 then 
sends two output signals from its programmable limit Switch 
to (1) the sidewall feeder motor 58 and (2) the transfer turret 
motor 54. The motion data signal 61 is also transferred to the 
drive of the bottom paper punch motor 68. The bottom paper 
punch motor 68, and in one embodiment more specifically 
the drive of the bottom paper punch motor 68, then sends an 
output signal from its programmable limit Switch to the 
bottom paper feed motor 66. 
0059 Because additional motors require signals of the 
main turret motor 50 for initiating their programmed drive 
profiles, the preferred embodiment of the cup forming 
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machine 10 utilizes an electronic virtual motor 52 to mirror 
the position of the main turret motor 50 in order to provide 
output signals. The electronic virtual motor 52 is not a 
mechanical drive motor, but rather is an electronic comput 
erized motor which operates on an electronic one to one ratio 
with the main turret drive motor 50 to provide additional 
programmable limit Switch output signals. In a preferred 
embodiment the three programmable limit switch output 
signals of the virtual motor 52 are provided to: (1) the 
second bottom forming linear motor 78; (2) the horizontal 
rimming turret motor 56; and, (3) a gate programmable limit 
switch 87. In turn the gate programmable limit switch 87 
provides electronic signals for the controller 49 to create 
electronic windows to determine when sensor inputs should 
be evaluated. For example, the gate programmable limit 
switch 87 provides electronic windows for receiving signals 
the bottom paper detect sensor 126, etc. 
0060 Additionally, the servo drive of the horizontal 
turret motor 56, which receives its motion trigger signal 
from the virtual motor 52 that operates on an electronic one 
to one ration with the main turret drive motor 50, provides 
three programmable limit Switch output signals to: (1) the 
tamper lube motor 82; (2) the pre-curl motor 84; and, (3) the 
finish curl motor 86. More specifically, however, the output 
signals from the programmable limit switch of the drive of 
the horizontal turret motor 56 are provided to the respective 
drives of the tamper lube motor, pre-curl motor and finish 
curl motor. Because a variety of axes and servo motors are 
utilized to independently control the various workstations, 
the individual workstations and the motors thereof may be 
Substantially independently operated. 
0061. In a preferred embodiment, the main turret motor 
50 has no specific drive profile. Instead, the main turret 
motor 50 is commanded by the main controller 49 to rotate 
at a constant Velocity. A cam box between the main turret 
motor 50 and the mandrel turret 12 converts the constant 
rotational velocity of the main turret motor 50 into inter 
mittent motion for the mandrel turret 12. With the use of the 
cam box the resultant motion of the mandrel turret 12 is 50% 
motion index and 50% dwell. 

0062) When the main turret drive motor 50 rotates one of 
the mandrels 48 into position with the bottom punch work 
station 24, a bottom blank 94 is positioned on the end of the 
mandrel 48. In operation, the bottom punch workstation 24 
and the sidewall die cutter workstation 22 operate to form 
the bottom blanks 94 and sidewall blanks 92, respectively. 
Specifically, in one embodiment the bottom punch worksta 
tion 24 has a bottom paper feed motor 66 and a bottom paper 
punch motor 68. In a preferred embodiment the bottom 
paper feed motor 66 and the bottom paper punch motor 68 
are servo motors. As explained above and shown in FIG. 8, 
the bottom paper feed motor 66 receives a signal of a 
commanded drive or motion profile from the main controller 
49 and an electronic signal to begin the drive profile directly 
from drive of the main turret motor 50. Alternatively, the 
main controller 49 may send both signals to the bottom 
paper feed motor 66. After receiving the appropriate signal, 
the bottom paper feed motor 66 advances the bottom paper 
roll at the appropriate Velocity and distance Such that a 
required amount of paper is available to be punched to form 
the bottom blank 94. 

0063. In a preferred embodiment, to create the bottom 
blank 94 the bottom punch motor 68 is commanded to drive 
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a dual-stage bottom paper punch at a one to one ratio to the 
main turret 12. Therefore, like the mandrel turret motor 50, 
the bottom punch motor 68 rotates at a constant velocity. The 
dual-stage bottom paper punch operates to both shear the 
bottom blank from the roll of paper, and then to form the 
skirt of the bottom blank. First, one component of the bottom 
punch workstation 24 punches the paper to shear the bottom 
blank 94 from the continuous roll of bottom wall paper. For 
one size cup, at this stage the bottom blank 94 is shaped as 
a disc having approximately a 3" diameter. A second stage 
of the bottom punch workstation 24 operates to push the 
disc-shaped bottom blank 94 through the forming ring. The 
forming ring has approximately a 2.25" diameter opening. 
Thus, by pushing the 3" diameter disc-shaped bottom blank 
through the forming ring having approximately 2.25" diam 
eter opening, the bottom blank 94 is reformed to have a 
substantially even 0.375" skirt portion 100 around the cir 
cumference of the bottom blank 94. Finally, an air cylinder 
pushes the formed bottom blank 94 into the opening 120 at 
the radial end 122 of the adjacent mandrel 48, and againstan 
outward end wall 124 of the mandrel 48. Because the 
outward end wall 124 of the mandrel 48 in this position is 
located approximately 0.375" inside the radial end 122 of the 
mandrel 48, the edge of the skirt 100, which is approxi 
mately 0.375" long, is adjacent the radial end 122 of the 
mandrel 48. It is understood that the specific dimensions for 
the bottom blank 94 are provided for one exemplar cup 
shape, and a variety of different shapes, configurations and 
mechanisms to create the bottom blank 94 are possible 
without departing from the scope of the present invention. 
0064. Because the bottom punch workstation 24 has its 
own paper feed motor 66 and bottom paper punch motor 68, 
and because the drive profile and parameters for the bottom 
paper feed motor 66 can be independently modified, the 
operation and efficiency of this workstation is greatly 
enhanced. For example, as shown in the bottom punch/feed 
setup screen 67 in FIG. 24, the machine operator may retard 
69 or advance 71 the phase of the bottom feed motor 66 
relative to the bottom punch motor 68. This allows the 
operator to either delay the index of the bottom paper into 
the punch, or to cause the bottom paper to be fed into the 
punch Sooner. Additionally, the bottom feed length can also 
be adjusted. Further, the drive profile for the bottom paper 
feed motor 66 stored in the main controller 49 may also be 
electronically modified. 
0065. The end wall 124 of the mandrel 48 has a vacuum 
which operates to retain the formed bottom blank 94 secure 
in position. After the bottom blank 94 is inserted onto the 
outward end of the mandrel 48, the mandrel turret 12 is 
rotated two indexes such that the mandrel 48 with the bottom 
blank 94 is provided at the folding wing workstation 26. As 
the mandrel turret 12 is indexed to the folding wing work 
station 26 a photo eye 126 operates to verify that a bottom 
blank 94 is provided in the mandrel 48. 
0066. At generally the same time that the bottom punch 
workstation 24 is creating and inserting the bottom blank 94 
onto the mandrel 48, the sidewall feeder workstation 20 and 
sidewall die cutter workstation 22 are operating to create a 
sidewall blank 92 for the cup 46. In a preferred embodiment 
the sidewall feeder motor 58 and sidewall paper die motor 
60 are servo motors. 

0067. In a preferred embodiment, the sidewall paper die 
motor 60 is commanded to drive the sidewall paper die at a 
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one to one ratio to the main turret 12. Therefore, like the 
mandrel turret 12 and the bottom punch motor 68, the 
sidewall paper die motor 60 generally runs at a constant 
velocity. Accordingly, in a preferred embodiment, the drive 
of the sidewall paper die motor 60 is hard wired to the drive 
of the main turret motor 50. Additionally, like the bottom 
paper feed motor 66 that receives a signal from the drive of 
the main turret drive motor 50, the drive for the sidewall 
feeder motor 58 receives signals from the main controller 49 
and the drive of the main turret drive motor 50 (through the 
drive of the sidewall paper die motor 60) such that the feeder 
motor 58 operates to feed the sidewall blank 94, and then the 
sidewall die motor 60 drives the die to cut the sidewall blank 
94. More specifically, in a preferred embodiment, a drive or 
motion profile for the sidewall feeder motor 58 resides in the 
main controller 49 and this drive profile is transmitted to the 
drive for the sidewall feeder motor 58 from the main 
controller 49. The drive or motion profile sent to the drive of 
the sidewall feeder motor 58 is initiated based on an initia 
tion signal received from the programmable limit Switch of 
the drive of sidewall paper die motor 60. 
0068. In sum, based on the signals received, the sidewall 
feeder motor 58 operates to advance the sidewall paper roll 
at the appropriate time, position and Velocity to the sidewall 
die cutter workstation 22. Similarly, the sidewall paper die 
motor 60 operates to reciprocate the sidewall die 130 at the 
appropriate time, position and Velocity (based on its one to 
one gearing ratio with the main turret) to create the sidewall 
blanks 92 as described below. For example, as the die 130 
gets into the proper position (i.e., as soon as it shears the 
paper and begins to raise up from the paper) an electronic 
signal is sent from the drive of the sidewall paper die motor 
60 directly to the drive of the sidewall feeder motor 58 to 
have the sidewall feeder motor 58 begin to feed additional 
paper to the die 130. 
0069. In the preferred embodiment, the sidewall die cut 
ter workstation 22 employs a progressive reciprocating die 
130 that is driven by the sidewall paper die motor 60. The 
term progressive in reference to the sidewall die means that 
the trailing edge of one sidewall blank 92 and the leading 
edge of the following sidewall blank 92 are die cut at the 
same time. Additionally, the die 130 is reciprocating in that 
the die moves in an alternating up and down motion to cut 
the paper that becomes the sidewall blank 92. In a preferred 
embodiment, the rotary motion of the sidewall paper die 
motor 60 is converted into reciprocating motion for the die 
cutter 22. Additionally, in a preferred embodiment the shape 
of the die 130 for the sidewall die cutter workstation 22 is 
substantially U-shaped to conform with the shape of the 
sidewall blank 92 (see FIG. 4). More specifically, for each 
sidewall blank 92 the die 130 cuts the trailing edge 93 and 
the two longitudinal edges 95, 97. Additionally, during the 
same stroke the die 130 also cuts the leading edge 91 of the 
next sidewall blank 92. 

0070. As with the other workstations and drives on the 
cup forming machine 10, the sidewall feeder workstation 20 
and sidewall die cutter workstation each have their own 
motors identified above, and the drive profile and operating 
parameters for the sidewall feeder motor 58 can be inde 
pendently modified. In general the operating parameters 
may be quantitatively modified at an input station electri 
cally connected to the main controller 49. For example, as 
shown in the sidewall die/feed setup screen 81 shown in 
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FIG. 25, at the input station the machine operator may retard 
77 or advance 79 the phase of the sidewall feeder motor 58 
relative to the sidewall paper die motor 60. This allows the 
operator to either delay the feeding of the sidewall blank 
paper into the die, or to cause the sidewall blank paper to be 
fed into the die sooner. Additionally, the machine operator 
may retard 83 or advance 85 the phase of the sidewall die 
motor 60 relative to the main turret motor 50. This allows the 
operator to either delay when the die cuts the blank 92, or to 
cause the blank 92 to be cut sooner. Further, since the drive 
profile for the sidewall feeder motor 58 is stored in the main 
controller 49 and can be electronically modified. 
0071 Referring to FIGS. 9A and 9B, as the roll of paper 
which is cut to form the sidewall blank 92 is fed into position 
by the sidewall feeder motor 58, a pair of fingers 128 on the 
transfer turret 14 grasps the sidewall blank 92 at the leading 
edge 91 thereof. The fingers 128 are operated (i.e., opened 
and closed) by a cam follower that is manipulated by a cam 
driven by the sidewall die motor 60, which operates on a one 
to one drive ratio with the main turret 12. Accordingly, in 
one embodiment at a specific position of rotation of the 
transfer turret 14 the fingers 128 are opened and closed to 
fixedly accept the sidewall blank 92, and at another specific 
position of rotation of the transfer turret 14 the fingers 128 
are opened to release the sidewall blank 92 to the folding 
wing workstation 26. The fingers 128 provide to ensure that 
the roll of paper is positively held and the position is 
accurately known both prior to cutting the paper and after 
the blank 92 is cut. In a preferred embodiment, the transfer 
turret 14 has five stations on the transfer turret 14, each 
station spaced approximately 72°. Each of the stations has a 
set of fingers 128 which can be adjusted to selectively retain 
and release a sidewall blank 92. Generally immediately after 
the fingers 128 grasp the roll of paper at the leading edge 91. 
the die 130 of the sidewall die cutter workstation 22 per 
forms the task of cutting the three remaining sides of the 
sidewall blank 92. 

0072. In a preferred embodiment, the transfer turret 
motor 54 is a servo motor. As explained above and shown in 
FIG. 8, the drive of the transfer turret motor 54 receives a 
drive or motion profile signal from the main controller 49 
and another signal, a command signal, to begin the drive 
profile via the programmable limit switch output from the 
drive of the sidewall paper die motor 60. Because the 
transfer turret 14 has its own motor 54, and because the drive 
profile and parameters for this motor 54 can be indepen 
dently modified, the operation and efficiency of this turret is 
greatly enhanced. For example, as shown in the transfer 
turret setup screen 103 in FIG. 26, the machine operator 
may retard 105 or advance 107 the phase of the transfer 
turret motor 54 relative to the main turret motor 50. This 
allows the operator to either delay the index of the transfer 
turret, or to cause the transfer turret to index Sooner. Also, 
the drive or motion profile for the transfer turret motor 54 
that is stored in the main controller 49 may also be elec 
tronically modified. 

0073. After the sidewallblank 92 is cut, the transfer turret 
14 is rotationally advanced by the transfer turret motor 54 to 
Subsequent radial locations to heat the polyethylene coating 
on the sidewall blank 92 for forming the longitudinal 
sidewall seam 96 at the folding wing workstation 26, and to 
pre-heat the lower region 104 of the sidewall blank 92 for 
forming the bottom seal 98 at the second bottom forming 
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workstation 34. At the first heating location 132, heat in the 
form of hot air is blown on the lower region 104 of the inner 
surface 118 of the sidewall blank 92 adjacent the leading 
edge 91 thereof. In one example, the first heating location 
132 has one heater 134. The transfer turret 14 is then 
rotationally advanced to move the sidewall blank 92 to the 
second heating location 136. The second heating location 
136 has 3 heaters. The first heater 138 at the second heating 
location 136 is utilized to provide heat, in the form of hot air, 
to the longitudinal edges 95, 97 of the inner surface 118 of 
the sidewall blank 92; the second heater 140 at the second 
heating location 136 is utilized to provide heat, in the form 
of hot air, to the lower region 104 of the inner surface 118 
of the sidewall blank 92 adjacent the leading edge 91 
thereof; and, the third heater 142 is utilized to provide heat, 
in the form of hot air, to the longitudinal edges 95.97, but 
at the outer surface of the sidewall blank 92. Thus, the heater 
134 at the first heating location 132, and the first and second 
heaters 138, 140 at the second heating location 136 are 
provided on the top or upper side of the transfer turret 14, 
while the third heater 142 at the second heating location 136 
is provided on the under side of the transfer turret 14. In a 
preferred embodiment, each of the heaters 134, 138, 140, 
142 comprise a stainless steel cylinder housing an electric 
cartridge heater. The heater is energized and air is blown past 
the heater to heat the air. The heated air is then expelled from 
the heater at a manifold to diffuse the heated air on the 
appropriate locations on the sidewall blank 92. It is under 
stood that additional means for heating the polyethylene 
coating are possible, such as electric or gas radiant heat. 
0074 Finally, the transfer turret 14 is rotationally 
advanced to move the sidewall blank 92 to the folding wing 
workstation 26. At the folding wing workstation 26 the 
sidewall blank 92 is transferred from the transfer turret 14 to 
the main or mandrel turret 12. For each advance or index 
rotation of the main turret 12 another mandrel 48 with a 
bottom blank 94 is provided at the folding wing workstation 
26 and adapted to receive a sidewall blank 92. 
0075) Referring to FIG. 10, the folding wing workstation 
26 comprises a mounting bracket 143, a left folding wing 
motor 62, a right folding wing motor 64, a left crank arm 
144, a left connector 146, a left folding wing 148, a right 
crank arm 150, a right connector 152, a right folding wing 
154 and a foot clamp 156. The left crank arm 144 is 
connected to the left folding wing motor 62, and the left 
connector 146 is connected at one end to the left crank arm 
144 and at the other end to the left folding wing 148. 
Similarly, the right crank arm 150 is connected to the right 
folding wing motor 64, and the right connector 152 is 
connected at one end to the right crank arm 150 and at the 
other end to the right folding wing 154. The left and right 
folding wing motors 62, 64 are mounted to the mounting 
bracket 143, and the left and right folding wings 148, 154 are 
pivotally connected to a common pivot member of the 
mounting bracket 143. Accordingly, both the left and right 
folding wings 148, 154 pivot about the same point. The 
folding wing workstation 26 generally operates to wrap the 
sidewall blank 92 around the mandrel 48 and form the 
frustoconically shaped sidewall of the formed cup 90. 
0076. In a preferred embodiment, the left and right fold 
ing wing motors 62, 64 are servo motors. Each of the 
respective drives of the folding wing motors 62, 64 receive 
a drive profile signal, which as with all the drive profile 
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signals contains the appropriate drive profile for the drive of 
the servo motor, from the main controller 49. Additionally, 
as explained above and shown in FIG. 8, each of the drives 
of the folding wing motors 62, 64 receives a signal directly 
or indirectly from the drive of the main turret drive motor 50 
to begin their respective drive profiles. 
0077. In operation, after the transfer turret 14 having a 
sidewall blank 92 and the main turret 12 having a mandrel 
48 with a bottom blank 94 are advanced into an aligned 
position, the sidewall blank 92 is located directly under the 
mandrel 48. In the disengaged position (FIG. 10), the 
folding wings 148, 154 are in a lowered position to allow the 
transfer turret 14 to advance the sidewall blank 92 into 
position, and to allow the mandrel turret 14 to advance into 
the aligned position with the folding wing workstation 26. 
After the sidewall blank 92 is in the aligned position under 
the mandrel 48, the foot clamp 156 of the folding wing 
workstation 26 is raised to positively clamp the sidewall 
blank 92 to the bottom of the mandrel 48. Once the foot 
clamp 156 secures the sidewall blank 92 to the bottom of the 
mandrel 48, the fingers 128 of the transfer turret 14 are lifted 
to release the sidewall blank 92 from the transfer turret 14, 
and the folding wings 148, 154, are raised to fold the 
sidewall blank 92 around the mandrel 48. The raising of the 
foot clamp 156 to engage the sidewall blank 92 and the 
releasing of the sidewall blank 92 by the fingers 128 is 
initiated by cam action driven by the main turret 12. Each of 
the folding wings 148, 154 are manipulated by separate 
folding wing motors 62, 64. Accordingly, as the left folding 
wing motor 62 is driven the left crank arm 144 is rotated. 
When the left crank arm rotates 144 the left connector 146 
moves up and down. Subsequently, since the left connector 
146 is rotatably connected to the left folding wing 148 that 
is pivotally connected to the mounting bracket 143, when the 
left connector 146 moves up and down the left folding wing 
148 is manipulated to wrap the left folding wing 148, and the 
side of the sidewall blank 92 positioned thereover about the 
mandrel 48. The same operation occurs with the right 
folding wing 154 and the other side of the sidewall blank 92. 
This is referred to as the engaged position of the folding 
wing workstation 26, and is shown in FIG. 11. 
0078. As explained above, the longitudinal sidewall seam 
96 is created by an overlapping joint between the first and 
second opposing longitudinal edges 95, 97 of the sidewall 
blank 92. To create this overlapping joint 96, one of the 
folding wings must complete its folding of the sidewall 
blank 92 around the mandrel 48 prior to the opposing side 
of the sidewall blank 92. In a preferred embodiment both 
folding wings 148, 154 start their movement at the same 
time, however, one of the folding wings (typically the left 
folding wing 148) is commanded to complete its motion in 
slightly less time than the right folding wing 154. By having 
one folding wing complete its motion before the other 
folding wing an overlap is created at the side seam joint 96. 
After both of the folding wings 148,154 are wrapped around 
the mandrel 48, thereby forming the frustoconical sidewall 
blank 92 of the cup 90 with an overlapping longitudinal side 
seam 96, a seal clamp 158 from the mandrel turret 12 clamps 
down on the seam 96 to sealingly join the opposing longi 
tudinal edges 95, 97 of the sidewall blank 92. The seal clamp 
158 is a component of the mandrel turret 12 and rotates with 
the mandrel turret 12. The seal clamp 158 maintains a 
clamping pressure on the sidewall 92 of the cup until the seal 
clamp 158 is released, explained later herein, when the 
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mandrel 48 of the main turret 12 is associated with a mating 
cup receiver 300 of the horizontal pocket or rimming turret 
16. The longitudinal seal 96 is created by the adherence of 
the heated polyethylene on the interior surface 118 of the 
outer overlapping edge 95 or 97 of the sidewall blank 92 
against the outer Surface of the opposing inner overlapping 
edge 95 or 97 of the sidewall blank 92. After the seal clamp 
158 clamps the formed sidewall blank 92 to the mandrel 48, 
the foot clamp 156 releases the bottom of the sidewall blank 
92 and the folding wings 148, 154 are rotated away from the 
mandrel 48 and back to the lowered or disengaged position 
as shown in FIG. 10. 

0079 Because this embodiment of the folding wing 
workstation 26 for the cup forming machine 10 has separate 
motors 62, 64 for each of the left and right folding wings 
148, 154, both of which are separately controllable, the cup 
machine 10 can control which folding wing 148, 154 fin 
ishes the folding of the sidewall blank 92 prior to the other 
folding wing 148, 154. The ability to control this feature 
electronically allows the cup forming machine 10 to create 
cups 90 with either a left-over-right longitudinal seal 96 or 
a right-over-left longitudinal seal 96. Additionally, the 
motion profile (i.e., the timing, distance, Velocity) of each of 
the folding wings 148, 154 can be independently controlled 
and manipulated merely by adjusting the drive parameters 
and/or drive profile. For instance, different paperboard may 
require the folding arms to fold the paper at a lower 
acceleration than other paperboard to avoid disturbing the 
paperboard. An example of one motion profile for the 
folding wing workstation 26 is shown in FIG. 12. In that 
example, the left and right folding wings 148, 154 begin to 
fold the sidewall blank 92 at approximately the same time, 
but the left wing 148 finishes folding its side of the sidewall 
blank 92 prior to the right wing 154 to create the overlap for 
the longitudinal seal 96. 

0080 Further, because the folding wing workstation 14 
has its own motors 62, 64, and because the drive profile and 
parameters for these motors 62, 64 can be independently 
modified, the operation and efficiency of this workstation is 
greatly enhanced. For example, as shown in the folding wing 
setup screen 145 in FIG. 27, the machine operator may 
manipulate the stop position 147 of the left folding wing, as 
well as the stop position 149 of the right folding wing. This 
allows you to adjust the tightness of the wrap based on 
various thicknesses of paper being run. 

0081. After the sidewall blank 92 is wrapped around the 
mandrel 48 and the folding wing assembly 26 has returned 
to the disengaged position (i.e., FIG. 10), the main turret 12 
is advanced to the next workStation for further processing of 
the partially formed cup 46. In one embodiment, as shown 
in FIG. 1, the next workstation is the first bottom heater 
workstation 28, which is shown in FIG. 13. The first bottom 
heater workstation 28 operates to heat the polyethylene on 
the inside surface 118 of the distal end portion 112 of the 
sidewall blank 92. As explained above with respect to the 
heaters downstream of the sidewall die cutter workstation 
22, the heater 160 for the first bottom heater workstation 28 
comprises a stainless Steel cylinder housing an electric 
cartridge heater. The heater is energized and air is blown past 
the heater to heat the air. The heated air is then expelled from 
the heater at a manifold to diffuse the heated air on the 
appropriate locations on the sidewall blank 92. 
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0082) As shown in FIG. 13, the first bottom heater 
workstation 28 generally comprises a mounting fixture 162, 
a first heater motor 70, a heater 160, a heater tool/diffuser 
166, and a drive fork and cam assembly to convert the 
rotational motion of the first heater motor 70 to linear motion 
of the heater tool 166. In a preferred embodiment the first 
heater motor 70 is a servo motor. 

0083) In general a drive of the first heater motor 70 
receives a signal from at least one of the main controller 49 
and a controller for the main turret motor 50, and in response 
to that signal the first heater motor 70 moves the heater tool 
166 into and out of the recessed area 116 of the bottom of 
the cup 90 according to a specific drive profile. In a preferred 
embodiment the drive profile for the first heater motor 70 
resides in the main controller 49. The drive profile is 
transmitted to the drive of the first heater motor 70 from the 
main controller 49. Further, in a preferred embodiment the 
drive of the first heater motor 70 receives an electronic 
command signal to begin its motions. As explained above, 
when the main motor 50 cycles its drive sends out signals to 
the various components at different positions of its cycle. At 
a specific instance in its cycle the drive of the main turret 
motor 50 sends out a signal to the drive of the first heater 
motor 70 to have that motor initiate its programmed drive 
profile. 

0084. The end of the heater tool 166 is cylindrically 
shaped and has a plurality of apertures 168 about its cir 
cumference. Heated air is forced into a central cavity of the 
heater tool 166 and is then forced out of the apertures 168 
to heat the polyethylene on the inside surface 118 of the 
sidewall blank 92. More specifically, in a preferred embodi 
ment for one size cup 90, when the sidewall blank 92 is 
wrapped around the mandrel 48 the distal end portion 112 of 
the sidewall blank 92 extends approximately 0.750" past the 
end 122 of the mandrel 48 and this portion of the sidewall 
blank 92 is heated. The profile for the first heater motor 70 
is designed such that heater tool/diffuser 166 is inserted into 
the recessed area 116 immediately as the mandrel 48 is 
properly positioned. Further, because the first bottom heater 
workstation 28 has its own drive motor 70, and because the 
drive profile for the first heater motor 70 can be indepen 
dently modified, the heater tool 166 can be inserted and 
removed from the recessed area 116 at a faster rate, thereby 
allowing more dwell time for the heater tool 166 to provide 
increased heat to the sidewall blank 92 for an excellent 
bottom seal. Providing increased dwell time for each work 
station of the cup forming machine 10 is one feature of the 
present invention. It is understood that the dwell for sub 
stantially each of the workstations of the cup forming 
machine 10 may be adjusted at the input station 51 and set 
independent of the machine speed of the cup forming 
machine 10. Additionally, it is understood that the input 
station 51 is electrically connected to the main controller 49. 
and various parameters for the motors can be quantitatively 
controlled and adjusted at the input station 51 of the main 
controller 49. 

0085. An example of a bottom heater setup screen 161 is 
shown in FIG. 28. As shown, the machine operator may 
retard 163 or advance 165 the phase of the bottom heater 
motor 70 relative to the main turret motor 50 to either delay 
the heater tool/diffuser 166 from moving into the recessed 
area 116 or cause the heater tool 166 to move into the 
recessed area 116 more quickly. Further, the setup screen 
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161 allows the operator to adjust the retracted position 167 
and extended position 169 of the heater tool 166, as well as 
to adjust the dwell time 171 (i.e., the time the heater tool 166 
remains inside the recessed area 116 to heat the cup). 
Additionally, the drive profile for the first heater motor 70 
that is stored in the main controller 49 may also be elec 
tronically modified. 
0086) Next, the main turret 12 advances the mandrel 48 
and partially formed cup 46 to the second bottom heater 
workstation 30. As the main turret 12 is advanced to the 
second bottom heater workstation 30, the end wall 124 of the 
mandrel 48 is advanced radially outward 0.375". Thus, the 
edge of the skirt portion 100 of the bottom blank 94 is 
positioned 0.375" outside the mandrel 48 opening, and is 
adjacent the inside surface 118 of the distal end portion 112 
of the sidewall blank 92. At the second bottom heater 
workstation 30 the polyethylene of the surface of the skirt 
100 facing the recessed area 116 is heated. The second 
bottom heater workstation 30 has a similar components and 
operation to the first bottom heater workstation 28, and as 
such reference to FIG. 13, and the disclosure above relating 
to the first bottom heater workstation 28 is appropriate. As 
explained above, like the operation of the first heater motor 
70, the drive of the second heater motor 72 receives a signal 
from at least one of the main controller 49 and a drive for the 
main turret motor 50, and in response to the one or more 
signals the second heater motor 72 moves the heater tool 166 
into and out of the recessed area 116 of the bottom of the cup 
90 according to a specific drive profile. In a preferred 
embodiment, the drive for the second heater motor 72 
receives a command drive profile from the main controller 
49. Additionally, the drive of the main turret motor 50 sends 
an electronic signal from its programmable logic Switch as 
a pre-programmed position is reached to the drive for the 
second heater motor 72 to have the drive profile initiated at 
the second heater motor 72. Accordingly, like the first 
bottom heater workstation 28, the second bottom heater 
workstation 30 has its own drive motor 72 and drive profile 
therefore to allow for nearly complete control and manipu 
lation of the second bottom heater workstation 30. 

0087. After the inner surface 118 of the sidewall blank 92 
and the inner surface of the skirt 100 have been heated at the 
first and second heater workstations 28, 30, respectively, the 
main or mandrel turret 12 is advanced to the first bottom 
forming workstation 32 (See FIG. 1). The first bottom 
forming workstation 32 is shown separately in FIG. 14. The 
first bottom forming workstation 32 generally comprises a 
workstation that bends a portion of the distal end portion 112 
of the sidewall blank 92 over the skirt 100 of the bottom 
blank 94 to prepare the cup for sealing of the sidewall blank 
92 to the bottom blank 94 to form the bottom Seal 98 of the 
cup 90. 
0088 Referring to FIG. 14, the first bottom forming 
workstation 32 generally comprises a mounting fixture 170, 
a first bottom forming linear motor 74, a reformer tool 172, 
a drive fork 174 to assist in converting the rotational motion 
of the first bottom forming motor 74 to linear motion for the 
reformer tool 172, a constant rotation motor 75 to rotate the 
reforming tool 172, and a slide mechanism 178 to allow the 
reforming tool 172 to move inward and outward. In general, 
the constant rotation motor 75 is a conventional AC motor 
that continually rotates the reformer tool 172 at a constant 
rate of revolution. The constant rotation motor 75 is con 
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nected to the reforming tool 172 via a ball/spline mecha 
nism, and the reforming tool 172 is connected to the slide 
mechanism 178. Alternatively, the constant rotation motor 
75 may be fixed to the slide mechanism 178. The ball/spline 
mechanism allows the reforming tool 172 to move in and out 
while still being rotated by the constant rotation motor 75. 
The first bottom forming motor 74 provides the drive to 
move the slide mechanism 178, including the rotating 
reforming tool 172, inward and outward. More specifically, 
the drive fork 174 that is connected to the drive shaft driven 
by the bottom forming motor 74 manipulates a cam follower 
extending from the slide mechanism 178. 
0089. In a preferred embodiment the first bottom forming 
motor 74 is a servo motor. In general, the drive of the first 
bottom forming motor 74 receives a drive or motion profile 
in the form of a drive profile signal from the main controller 
49, and an electronic signal to trigger the motion from the 
main turret motor 50. In response to the signal from the main 
turret motor 50 the first bottom forming motor 74 initiates its 
drive profile and moves the slide mechanism 178 having the 
reforming tool 172 inward to engage the sidewall 92 of the 
partially formed cup 46. In a preferred embodiment the drive 
or motion profile for the first bottom forming motor 74 
resides in the main controller 49. The drive profile is 
transmitted to the drive of the first bottom forming motor 74 
from the main controller 49. Further, in a preferred embodi 
ment the drive of the first bottom forming motor 74 receives 
a hard-wired signal from the drive of the main turret motor 
50, and more specifically from the programmable limit 
switch of the drive of the main turret motor 50. As the main 
motor 50 cycles its drive sends out signals to the various 
components at different positions of its cycle. At a specific 
position in its cycle the drive of the main motor 50 sends out 
a signal to the drive of the first bottom forming motor 74 to 
have that motor initiate its programmed drive or motion 
profile, which generally moves the reforming tool 172 
inward toward the mandrel 48 at a rapid velocity and for a 
specific distance to engage the sidewall 92, then it slows to 
a lower speed as it completes approximately the last 0.375" 
of movement (which provides to curl or bend the paper), and 
then dwells for a period of time to eliminate the jerk effect 
of reversing motions. Finally, the first bottom forming motor 
74 reverses backward at a rapid Velocity to disengage the 
sidewall 92. In general, the function of the first bottom 
forming workstation 32 is to bend the distal end portion 112 
of the sidewall blank 92 radially inwardly to create the bent 
lip 102 of the sidewall blank 92. The bent lip 102 of the 
sidewall blank 92 is positioned over the skirt 100 of the 
bottom blank 94, as shown in FIG. 7, such that the second 
bottom forming workstation 34 can seal the distal end 
portion 112 of the sidewall blank 92 to the skirt 100 of the 
bottom blank 94 to form the bottom seal 98, as shown in 
FIG. 6. 

0090 An example of a first bottom forming setup screen 
175 is shown in FIG. 29. As shown, the machine operator 
may adjust the extended position 179 of the reforming tool 
172, which automatically adjusts the retracted position 177 
based on an internal calculation by the main controller 49. 
0091 After the distal end portion 112 of the sidewall 
blank 92 has been bent over the skirt 100 at the first bottom 
forming workstation 32, the mandrel turret 12 is advanced to 
the second bottom forming workstation 34 (See FIG. 1). The 
second bottom forming workStation 34 is shown separately 
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in FIGS. 15-21. The second bottom forming workstation 34 
generally irons or seals the distal end portion 112 of the 
sidewall blank 92 around the skirt 100 of the bottom blank 
94 to form the bottom seal 98 of the cup 90 (see FIGS. 6 and 
7). To perform this function a bottom seal tool 210 having 
a patterned circumference applies a Substantially uniform 
pressure over the entire circumference of the distal end 
portion 112 of the cup after the bent lip 102 of the sidewall 
blank 92 is positioned over the skirt 100 of the bottom blank 
94. This function, however, is complicated by the fact that 
a typical cup 90 is formed at an approximate 5' taper angle 
to the central longitudinal axis of the cup 90. Thus, engaging 
the bottom seal tool 210 to the cup 90 is made more difficult. 
To perform this function the bottom seal tool 210 must first 
be moved linearly into the recessed area 116 at the bottom 
of the cup 90, and then moved laterally or radially outward 
toward the bent lip 102 over the skirt 100 to engage these 
components for applying the pressure necessary to create the 
bottom seal 98. As is explained in detail below, to achieve 
this motion one embodiment of the present invention utilizes 
offset bores in a rotating barrel and an eccentric shaft, in 
combination with a phase adjustment motor 76, to change 
the center of rotation of the bottom seal tool 210 relative to 
the center of the cup 90. 
0092 Referring to FIGS. 15-21, the second bottom form 
ing workstation 34 generally comprises a linear motion 
assembly 200 to assist the bottom sealing tool 210 in moving 
linearly into and out of the recessed area 116 of the cup 90, 
a constant rotation assembly 202 to move the bottom seal 
tool 210 in a circle, a phase change assembly 204 to adjust 
the radius of the circle in which the bottom seal tool 210 
moves (i.e., to move the bottom seal tool 210 outward to 
engage the bent lip 102 and skirt 100 and then back inward 
after the bottom seal 98 is created), and a tracking assembly 
206 for monitoring the rotation of the various components of 
the phase change assembly 204, each of which are mounted 
to a mounting assembly 208. These assemblies of the second 
bottom forming workstation 34 work together to manipulate 
the bottom seal tool 210 such that it seals the skirt 100 to the 
distal end portion 112 and bent lip portion 102 of the 
sidewall blank 92 to create the bottom seal 98 for the cup 90 
as shown in FIG. 6. 

0093. One example of the mounting assembly 208 of the 
second bottom forming workstation 34 is shown in FIG. 16, 
and includes a mounting plate 212, a two opposing risers 
214, a main plate 216, a first support bracket 218 for 
Supporting the second bottom forming lateral motor 78, a 
second opposing Support bracket 220, a first motor mount 
plate 222 for Supporting the second bottom forming rotary 
motor 80, and a second motor mount plate 224 for Support 
ing the second bottom forming phase adjustment motor 76. 
The mounting plate 212 and the main plate 216 are located 
in Substantially parallel spaced relation, and the two risers 
214 are secured between the mounting plate 212 and the 
main plate 216 to maintain the spaced relation therebetween. 
As such, the risers 214 operate to raise the main plate 216 
up from the machine table. The first support bracket 218 
extends transverse, and Substantially perpendicular to the 
main plate 216 and the mounting plate 212, and the first 
support bracket 218 is secured at its bottom end to one of the 
risers 214. The second support bracket 220 also extends 
transverse and Substantially perpendicular to the main plate 
216 and the mounting plate 212 in an opposing spaced 
relation to the first support bracket 218. The second support 
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bracket 220 is secured at its bottom end to the other of the 
risers 214. The first motor mount plate 222 is positioned at 
the front and toward a top of the first and second support 
brackets 218, 220, and is further fixedly connected to the 
first and second support brackets 218, 220. When assembled, 
the first motor mount plate 222 is located in a plane 
substantially parallel to a plane at the front face of the 
bottom seal forming tool 210. The second bottom forming 
rotary motor 80 is connected to a rear face 223 of the first 
motor mount plate 222, and the drive shaft 274 of the second 
bottom forming rotary motor 80 extends through an aperture 
in the first motor mount plate 222 for driving the constant 
rotation assembly 202 as explained below. The first motor 
mount plate 222 also aids in adding rigidity to the first and 
second support brackets 218, 220, and to the overall mount 
ing assembly 208. Finally, the second motor mount plate 224 
is provided at a generally rear portion of the mounting 
assembly 208 to support the second bottom forming phase 
adjustment motor 76. The second motor mount plate 224 is 
located in substantially parallel spaced relation to the first 
motor mount plate 222, and as Such is extends transversely 
upward from the main plate 216 and Substantially perpen 
dicular to the first and second support brackets 218, 220. 
0094. The linear motion assembly 200 of one embodi 
ment of the second bottom forming workstation 34 is shown 
in FIG. 17, and in a preferred embodiment generally 
includes a motor (the second bottom forming linear motor 
78), a right angle gear box 226, a drive fork 228 and a slide 
assembly 230. The linear motion assembly 200 is at least 
partially moveably connected to the mounting assembly 
208. The right angle gear box 226 and motor 78 are 
connected to the first support bracket 218. A drive shaft 232 
extending from the gear box 226 extends through an aper 
ture in the first support bracket 218, and the drive fork 228 
is connected to the portion of the gear box drive shaft 232 
extending through the first support bracket 218. A cam 
follower 234 extends from the slide assembly 230 and is 
positioned between fork arms of the drive fork 228 to 
laterally move the slide assembly 230 in response to rotation 
of the second bottom forming linear motor 78. In a preferred 
embodiment the second bottom forming linear motor 78 is 
a ServO motor. 

0.095. In general the slide assembly 230 slides back and 
forth (i.e., toward and away from the mandrel 48 on the main 
turret 12) on a pair of slide rails 236 that are mounted to the 
main plate 216 in response to the rotation of the second 
bottom forming linear motor 78. Thus, as the second bottom 
forming linear motor 78 and drive fork 228 rotate, the cam 
follower 234, which is connected to one of the side plates 
238 of the slide assembly 230, is manipulated by the drive 
fork 228 and moves the slide assembly 230 back and forth 
on the slide rails 236. 

0096. The slide assembly 230 generally comprises a drive 
plate 240 at the bottom of the slide assembly 230, two 
opposing side plates 238 extending upward from the drive 
plate 240, a front plate 242 onto which the forming collar 
244 is connected, a front bearing plate 246 connected 
between the side plates 238, and a rear bearing plate 248 
connected between the side plates 238. The front plate 242 
has an aperture therein concentric with the opening 243 of 
the forming collar 244 to allow the forming tool 210 to 
reside and move within the opening 243 of the forming 
collar 244. Bearings 250 extend from the side plates 238 to 
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engage the slide rails 236 and to positively secure the slide 
assembly 230 in sliding engagement with the slide rails 236. 
Further, the front and rear bearing plates 246, 248 house 
bearings to support a portion of the rotating barrel 254 
between the front and rear bearing plates 246, 248. As 
explained in detail below, a rotatable tool shaft 256 is 
rotatably contained within an offset bore 258 in the barrel 
254. The tool shaft 256 and barrel 254 move inward and 
outward with the slide assembly 230. 

0097. The rotatable tool shaft 256 is also a component of 
the phase change assembly 204. As shown in FIG. 18, in one 
embodiment the phase change assembly 204 generally com 
prises the second bottom forming phase adjustment motor 
76, an external ring gear 260 driven by the second bottom 
forming phase adjustment motor 76, and an internal plan 
etary gear 262 connected to the tool shaft. The phase change 
assembly 204 is operably connected to the tool shaft 256. 

0.098 As shown in FIGS. 18 and 19, the tool shaft 256 
has a first end 264 at which the internal gear 262 is 
connected thereto. The shaft 256 also has central portion 266 
that is housed in bearings 268 in the offset bore 258 in the 
barrel 254. Finally, the shaft 256 has an eccentric stub shaft 
portion 270 that extends from a second end 272 of the shaft 
256. The bottom seal finishing tool 210 is connected to the 
eccentric stub shaft 270 at the second end 272 of the shaft 
256. In one embodiment of the tool shaft 256, the shaft 256 
has a centerline or central longitudinal axis 257. The eccen 
tric stub shaft portion 270, however, has a centerline or 
central longitudinal axis 271 that is offset from the central 
longitudinal axis 257 of the shaft. In a preferred embodi 
ment, the central longitudinal axis 271 of the eccentric stub 
shaft 270 is offset 0.125" from the central longitudinal axis 
257 of the shaft 256. Following the description of the 
constant rotation assembly 202 below, an explanation of the 
cooperation of the components will be provided to detail 
how the bottom seal finishing tool 210 is adapted to engage 
the cup 90 to form the bottom seal 98. 

0099. The constant rotation assembly 202 of the second 
bottom forming workstation 34 is best shown in FIGS. 15 
and 18. In a preferred embodiment, the constant rotation 
assembly 202 includes a constant rotation motor 80 (i.e., the 
second bottom forming rotary motor 80) which drives the 
barrel 254. In one example the constant rotation motor 80 is 
an A.C. motor that continually rotates the barrel 254 at a 
constant rate of revolution, such as 1,725 revolutions per 
minute in one embodiment. The constant rotation motor 80 
is mounted to the rear face 223 of the first motor mount plate 
222, and the drive shaft 274 of the constant rotation motor 
80 extends through an aperture in the first motor mount plate 
222. A sheave 276 is connected to the drive shaft 274 of the 
constant rotation motor 80, and a V-belt 278 is provided 
between the sheave 276 and the barrel 254 to drive the barrel 
254. The barrel 254 has a V-groove 280 in the circumference 
thereof to accept the V-belt 278. 

0100. As explained above, in one embodiment the barrel 
254 is associated with each of the linear motion assembly 
200, the constant rotation assembly 202 and the phase 
change assembly 204 (as well as the tracking assembly 206 
as described below), however one of ordinary skill in the art 
would understand that a single component, such as the barrel 
254, need not be associated with each of these assemblies, 
and instead multiple components may be utilized to perform 
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the same functions as the barrel 254. Notwithstanding, in a 
preferred embodiment, as shown in FIGS. 19 and 20, the 
barrel 254 comprises a substantially cylindrical component 
having a first hub 282 extending from one end of the barrel 
254, and a concentric second hub 284 extending from the 
opposing end of the barrel 254. Additionally, while in the 
preferred embodiment the barrel is cylindrical, it is under 
stood that it could be any shape and is not limited to this 
configuration. The first hub 282 is positioned within the 
bearing in the front bearing plate 246, and the second hub 
284 is positioned within the bearing in the rear bearing plate 
248. As such, the barrel 254 is free to rotate within the slide 
assembly 230 of the linear motion assembly 200 of the 
second bottom forming workstation 34, and on the same 
longitudinal axis as the mandrel 48. 
0101 Referring to FIGS. 19 and 20, the barrel 254 has 
a central axis 255 extending from the first end 286 of the 
barrel 254 to the Second end 288 of the barrel 254. The barrel 
254 rotates about its central axis 255 (on the first and second 
hubs 282,284). The barrel 254 further has an offset bore 258 
extending from the first end 286 to the second end 288 of the 
barrel 254. The central axis 290 of the offset bore 258 is not 
concentric with the central axis 255 of the barrel 254, and 
rather is offset from or eccentric to the central axis 255 of the 
barrel 254. In one embodiment, the central axis 290 of the 
offset bore 258 is offset 0.250" radially outward from the 
central axis 255 of the barrel 254. Accordingly, as the barrel 
254 is rotated by the constant rotation motor 80, the shaft 
256 in the barrel bore 258 will move in a circle about a 
0.250" radius to the center of the central axis 255 of the 
barrel 254 due to its being seated in the bore 258 offset from 
the central axis 255 of the barrel 254. 

0102 As explained above, the shaft 256 has a central 
portion 266 that is housed within the bearings 268 in the 
offset bore 258 of the barrel 254, and an eccentric stub shaft 
portion 270 that extends outside the first end 286 of the 
barrel 254. Further, in one embodiment the central longitu 
dinal axis 271 of the eccentric stub shaft 270 (on which the 
bottom seal finishing tool 210 is connected) is offset 0.125" 
from the central longitudinal axis 257 of the shaft 256. 
Accordingly, the offset relationship between the central axis 
255 of the barrel 254 (i.e., the center of rotation of the barrel 
254) and the central axis 271 of the bottom seal finishing 
tool 210 can be modified between 0.125" and 0.375". Thus, 
by changing the phase relationship between the barrel 254 
and the tool shaft 256, the finishing tool 210 can revolve 
about the center of the barrel 254 on a radius that can be 
modified between 0.125" and 0.375" in addition to the radius 
of the offset bore to the center of the barrel. Put another way, 
by changing the phase relationship between the barrel 254 
and the tool shaft 256 (or more importantly the eccentric 
stub shaft 270 portion of the tool shaft 256), the finishing 
tool 210 can be made to apply pressure to iron the skirt 100 
to the distal end portion 112 and bent lip portion 102 of the 
sidewall blank 92 to create the bottom seal 98 for the cup. 
Further, by varying the phase relationship between the barrel 
254 and the tool shaft 256, the amount of pressure applied 
by the finishing tool 210 on the cup 90 can be made to 
change or be varied. Accordingly, different types of seals and 
different pressures can be applied by merely modifying the 
phase relationship to increase or decrease the amount of 
offset through the rotation of the tool shaft 256. Further, tool 
wear can accommodated for electronically instead of having 
to re-machine or replace various components. 
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0103) The phase relationship between the barrel 254 and 
the tool shaft 256, or more pertinently the phase relationship 
between the barrel 254 and the finishing tool 210 is con 
trolled by the relationship of the velocity of the constant 
rotation motor 80 that rotates the barrel 254, and the velocity 
of the second bottom forming phase adjustment motor 76 
that rotates the external ring gear 260. If the velocities match 
the phase remains the same and the relative position of the 
two remains the same. If the velocities do not match, the 
phase will continue to change at a rate equal to the difference 
in velocity. As the constant rotation motor 80 rotates the 
barrel 254, the shaft 256 moves in a circle due to the shaft 
256 being seated in the offset bore 258 of the barrel 254. 
Further, as the shaft 256 moves in the circle the internal 
planetary gear 262 at the first end 264 of the shaft 256 
engages the external ring gear 260 driven by the second 
bottom forming phase adjustment motor 76. Referring to 
FIG. 21, the velocity of the constant rotation motor 80 is 
constant at approximately 1.725 revolutions per minute. 
Thus, the velocity of the barrel 254 is also approximately 
constant, and is monitored by the tracking assembly 206 
described below. The tracking assembly 206 tracks the 
velocity of the barrel 254 and provides position and velocity 
reference back to the drive for the second bottom forming 
phase adjustment motor 76. This information allows the 
second bottom forming phase adjustment motor 76, which 
controls the rotation of the tool shaft 256, to move in 
synchronization with the barrel 254 (i.e., at the same veloc 
ity). 

0104. When the forming tool 210 needs to move out to 
engage the cup for ironing of the bottom seal 98, the second 
bottom forming phase adjustment motor 76 advances the 
phase relationship between the tool shaft 256 and the barrel 
254 by increasing the velocity of the external ring gear 260 
which spins the internal planetary gear 262 to spin the shaft 
256. By spinning the shaft 256, the eccentric stub shaft 270 
portion of the tool shaft 256 is rotated. Thus, the tool 210 is 
rotated outward by adjusting the relationship of the radius of 
rotation of the tool 210 to the barrel 254 through spinning 
the tool shaft 256 having the eccentric stub shaft 270 
portion. 

0105. In a preferred embodiment the second bottom 
forming phase adjustment motor 76 is a servo motor. Fur 
ther, in a most preferred embodiment the servo motor of the 
second bottom forming phase adjustment motor 76 has a 
drive that is electrically connected to the drive (i.e., a 
programmable limit switch output) of the virtual motor 52. 

0.106) Once the forming tool 210 engages the cup 90 with 
an appropriate pressure the second bottom forming phase 
adjustment motor 76 ramps back down to a one to one 
velocity ratio with the barrel to maintain the same phase 
relationship between the forming tool 210 and the barrel 
254. At this time the tool 210 rotates in a radius such that the 
tool 210, which has been moved radially outward to engage 
the cup 90, rotates around the entire inner circumference of 
the cup to rotatedly iron the skirt 100 to the distal end portion 
112 and bent lip portion 102 of the sidewall blank 92 to 
create the bottom seal 98 for the cup. 

0107 After the tool 210 has moved at least 360° around 
the inner circumference of the cup and the bottom seal 98 is 
completely ironed, the second bottom forming phase adjust 
ment motor 76 retards the phase relationship between the 
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tool shaft 256 and the barrel 254 (i.e., it decreases the 
Velocity of the external ring gear for a period of time and 
then returns to the same velocity to spin the tool shaft 256 
to move its eccentric stub portion 270 back to its original 
radial position), thereby returning the forming tool 210 back 
to its original Smaller-radius circle of rotation which is 
disengaged from the cup 90 so that the forming tool 210 can 
be removed from the recessed area 116 of the cup 90 (see 
FIG. 21). Once the phase change has been completed, the 
second bottom forming phase adjustment motor 76 returns 
to a one to one velocity ratio with the barrel 254 and the 
second bottom forming linear motor 78 retracts the slide 
assembly 230 to remove the tool 210 from the cup 90 and to 
allow the main turret 12 to advance the mandrel 48 to the 
next workstation. 

0108) As explained above, the tracking assembly 206, 
which is best shown in FIGS. 15 and 18, assists in providing 
a signal of the velocity and position of the barrel 254. The 
components for providing the signal for the tracking assem 
bly 206 comprise a first gear 292 connected to the outside of 
the barrel 254, a mating second gear 294 geared at a one to 
one ratio with the first gear 292, and an encoder 296 driven 
by the mating second gear 294. Since the encoder 296 is 
geared at a one to one ratio with the barrel 254, the encoder 
296 can track the speed of the barrel 254 to provide position 
and velocity reference data of the barrel 254 to the drive of 
the second bottom forming phase adjustment motor 76. This 
information is provided to the second bottom forming phase 
adjustment motor 76 to control the rotation of the shaft 256 
and to keep the phase relation of the shaft 256 synchronized 
with the barrel 254 according to the drive profile. 
0109. In summary, the second bottom forming worksta 
tion 34 operates through a series of interconnected assem 
blies. At some point immediately prior to or during the 
advancement of a mandrel 48 by the main turret 12 from the 
first bottom forming workstation 30 to the second bottom 
forming workstation 34, a signal is sent from the drive of the 
main turret motor 50 (via the virtual motor drive 52) to the 
second bottom forming workstation 34 to initiate linear 
movement. The actions that the motors of the second bottom 
forming workstation 34 are to initiate are based on drive or 
motion profiles stored in the main controller 49 and trans 
ferred to the respective drives of the second bottom forming 
linear motor 78 and second bottom forming phase adjust 
ment motor 76. Additionally, it is understood that the main 
controller 49 controls power to the second bottom forming 
rotary motor 80 (the constant rotation motor for the second 
bottom forming workStation 34) to maintain that motor 
rotating the barrel 254 at a constant rate of revolution. 
0110 Typically, in one embodiment the first action by the 
second bottom forming workstation 34 is to have the drive 
profile for the second bottom forming linear motor 78 
initiated. As such, the second bottom forming linear motor 
78 is energized and rotates the drive fork 228, which in turn 
engages the cam follower 234 to slide the slide assembly 230 
toward the mandrel 48 having the partially formed cup 
thereon. As the slide assembly 230 moves toward the 
mandrel 48, a portion of the slide assembly 230 is positioned 
around the distal portion of the sidewall 112, the skirt 100 
and the bent lip portion of the sidewall 102 of the partially 
formed cup. More specifically, the forming collar 244 is 
positioned about the periphery of the identified lower por 
tion of the partially formed cup 46 such that the cup is 
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positioned within the opening 243 in the forming collar 244. 
Further, as the slide assembly 230 is moved into its appro 
priate position the forming tool 210, which is rotating in a 
circle in a portion of the opening 243 in the forming collar 
244 based on the rotation of the barrel 254 from the constant 
rotation assembly 202, will be located within the recessed 
area 116 of the cup 90 and still rotating in the same circle. 
Thus, the distal end portion 112 of the sidewall blank 92 and 
the skirt 100 of the cup will be located between the inner 
circumference of the forming collar 244 and the forming 
tool 210. 

0111. As soon as the second bottom forming linear motor 
78 positions the forming collar 244 and forming tool 210 in 
the appropriate position through its movement of the slide 
assembly 230, or immediately prior thereto based on flag 
settings, a command signal is sent from the programmable 
limit switch of the drive of the second bottom forming linear 
motor 78 to the second bottom forming phase adjustment 
motor 76 to initiate its drive profile to change the phase 
relationship between the shaft 156 and the forming tool 210 
connected thereto and the barrel 254. It is understood that 
the second bottom forming phase adjustment motor 76 is 
generally constantly running to rotate the ring gear 260 to 
match the velocity of the barrel 254 and to keep the phase 
relationship between the shaft 256 and the barrel 254 
substantially identical. When the phase relationship between 
the shaft 256 and the barrel 254 are substantially identical 
the tool 210 will generally rotate in a constant radius circle, 
such radius being determined by the offset of the offset bore 
258 of the barrel 254 and the location of the offset Stub shaft 
portion 270 of the shaft 256 relative to the offset bore 258. 
As soon as the second bottom forming linear motor 78 
positions the forming collar 244 around the cup 90 and 
forming tool 210 within the recessed area 116 of the cup 90, 
the second bottom forming phase adjustment motor 76 will 
change the phase relationship between the barrel 254 and the 
tool shaft 256 to spin the offset stub shaft 270 and connected 
forming tool 210 outward toward the cup. After the forming 
tool 210 engages the cup with the appropriate pressure 
against the forming collar 244, the bottom forming phase 
adjustment motor 76 will again match the phase relationship 
between the barrel 254 and the tool shaft 256 to allow the 
tool shaft 256 to tractor-wheel or spin around the entire inner 
circumference against the bent lip portion 102 of the cup to 
form the three-layered bottom seal 98. Additionally, after the 
bottom seal 98 is formed the second bottom forming phase 
adjustment motor 76 retards the phase relationship between 
the tool shaft 256 and the barrel 254 to return the forming 
tool 210 back to its original smaller-radius circle of rotation, 
and then returns back to a one to one velocity ratio with the 
barrel 254 to maintain the tool 210 in that circle. Finally, the 
second bottom forming linear motor 78 retracts the slide 
assembly 230 to remove the tool 210 and forming collar 244 
from the cup 90 and to allow the main turret 12 to advance 
the mandrel 48 to the next workstation. 

0.112. As explained above with respect to one embodi 
ment of the bottom forming station 34, as the slide assembly 
230 moves inward and outward the barrel 254 moves with 
the slide assembly 230. The constant rotation motor 80 that 
drives the barrel 254, however, remains constant. Thus, it is 
understood that in this embodiment the drive belt 278 for the 
barrel 254 pivots at a slight angle with the barrel 254 to 
allow for the linear or lateral movement of the barrel 254. 
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0113 An example of a second bottom forming setup 
screen 201 is shown in FIG. 30. As shown, the machine 
operator may adjust the retracted position 203 and the 
extended position 205 of the slide assembly 230. Addition 
ally, the operator may adjust the paper compression gap 207 
(i.e., the distance between the perimeter of the forming tool 
210 and the inner circumference of the forming collar 244). 
Further, the drive profiles for the motors of the second 
bottom forming workstation 34 that are stored in the main 
controller 49 may also be electronically modified. 

0114) Next, as shown in FIG. 1, the main or mandrel 
turret 12 advances the mandrel 48 and partially formed cup 
from the second bottom forming workstation 34 into align 
ment with and for transfer to a cup receiver 300 on the 
rimming or horizontal pocket turret 16. Like the main turret 
12, the rimming turret 16 is positioned about a vertical axis. 
The rimming turret 16 is driven by a horizontal turret motor 
56. In a preferred embodiment the horizontal turret motor 56 
is a servo motor. 

0115 The horizontal turret motor 56 receives its drive 
signals from at least one of the main controller 49 and a drive 
or controller for the virtual motor 52 (operating on an 
electronic one to one ratio with the main turret drive motor 
50). In response to the at least one signal the horizontal turret 
motor 56 rotates the rimming turret 16 about the variety of 
workstations positioned about the rimming turret 16. More 
specifically, in one embodiment a drive or motion profile for 
the horizontal turret motor 56 resides in the main controller 
49. The drive profile is transmitted to the drive of the 
horizontal turret motor 56 from the main controller 49. 
Further, in a preferred embodiment the drive of the hori 
Zontal turret motor 56 is hard wired to the programmable 
limit switch output of the drive of the virtual motor 52. As 
the main motor 50 cycles its drive and the drive of the virtual 
motor 52 send out signals to the various components at 
different positions of the main motor's cycle. At a specific 
position in its cycle the drive of the virtual motor 52 sends 
out a command signal to the drive of the horizontal turret 
motor 56 to have the horizontal turret motor 56 initiate its 
programmed drive or motion profile (i.e., to index to the next 
workstation). 
0116. An example of a horizontal turret setup screen 211 

is shown in FIG. 31. As shown, the machine operator may 
retard 213 and advance 215 the phase of the horizontal turret 
motor 56 relative to the main turret motor 50. Retarding the 
phase will delay the indexing of the horizontal turret 16 
relative to the main turret 12. Conversely, advancing the 
phase will cause the horizontal turret 16 to index sooner 
relative to the main turret 12. Additionally, the operator may 
adjust the time it takes the horizontal turret 16 to complete 
one 45° index move 217. Further, the drive profile for the 
horizontal turret motor 56 that is stored in the main con 
troller 49 may also be electronically modified. 

0117 While the main turret 12 has eight equally spaced 
male mandrels 48, the rimming turret 16 has eight equally 
spaced female cup receivers 300 (i.e., spaced approximately 
every 45° about the rimming turret 16). Each of the female 
cup receivers 300 on the rimming turret 16 extend radially 
outward from the rimming turret 16. In general, the rimming 
turret 16 is rotated or advanced in unison with the main 
turret 12 so that during each dwell period (the time period 
when the main turret 12 is stopped and the various work 
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stations are performing tasks on the cup) one male mandrel 
48 is aligned with an associated cup receiver 300 as shown 
in FIG. 1. 

0118 When a male mandrel 48 becomes aligned with an 
associated cup receiver of the rimming mandrel 16, the 
associated seal clamp 158 from the mandrel turret 12 is 
raised by a cam track and releases the partially formed cup 
on the mandrel 48. Thereafter, compressed air is introduced 
through the mandrel 48 to the inside of the cup so that the 
cup is blown in a generally straight line to the awaiting cup 
receiver 300. After receiving the partially completed cup a 
vacuum may be applied in the cup receiver 300 to retain the 
cup. Additionally, after the cup has been delivered from the 
main turret 12 to the rimming turret 16, the main turret 12 
advances one index to the bottom punch workstation 24 
wherein the process described above begins again. 

0119) Similarly, the rimming turret 16 then advances two 
indexes to the tamper and lube workstation 36. The tamper 
and lube workstation 36 is shown in FIG. 22, and generally 
comprises a mounting fixture 302, a tamper and lube motor 
82, a tamper and lube tool 304, a drive fork 306 and a cam 
follower assembly 308. In a preferred embodiment the 
tamper and lube motor 82 is a servo motor. The drive fork 
306, which is driven by the drive shaft of the tamper and 
lube motor 82, and the cam assembly 308 connected to the 
tamper and lube tool 304, operate to convert the rotational 
motion of the tamper and lube motor 82 to linear motion of 
the tamper and lube tool 304. In general, during the dwell 
time when the rimming turret 16 comes to a stop at the 
tamper and lube workstation 36, the tamper and lube tool 
304 moves forward toward the cup receiver 300 to push the 
partially formed cup into a properly seated relationship with 
the receiver 300 and to lubricate the upper region 108 of the 
sidewall blank 92 for subsequent forming of the overturned 
rim 106 of the cup 90. 

0.120. In operation, the drive of the tamper and lube motor 
82 receives a drive profile signal from the main controller 
49, and a command signal from the drive of the horizontal 
turret motor 56. In one embodiment, the drive of the tamper 
and lube motor 82 is wired directly to the programmable 
limit switch output of the drive of the horizontal turret motor 
56 to receive a control/command signal therefrom. In 
response to the command signal the tamper and lube motor 
82 moves the tamper and lube tool 304 forward toward the 
cup receiver 300 to engage the cup according to a specific 
drive profile sent to the drive of the tamper and lube motor 
82 by the main controller 49. Because the tamper and lube 
workstation 36 has its own drive motor 82, and because the 
drive profile and parameters therefore can be independently 
modified, the operation and efficiency of this workstation is 
greatly enhanced. For example, as shown in the tamper and 
lube setup screen 309 in FIG. 32, the machine operator may 
adjust: the tamper lube retracted position 310; the tamper 
lube extended position 312; and the tamper lube dwell time 
314. Additionally, the tamper and lube drive profile stored in 
the main controller 49 may also be electronically modified. 

0121 Referring to FIG. 1, the rimming turret 16 then 
advances the partially formed cup seated in the cup receiver 
300 to the pre-curl workstation 38. As shown in FIG. 23, in 
one embodiment the pre-curl workstation 38 generally com 
prises a mounting fixture 320, a pre-curl motor 84, a rim 
rolling tool 322, a drive fork 324 and a cam follower 
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assembly 326. In a preferred embodiment the pre-curl motor 
84 is a servo motor. The drive fork 324, which is driven by 
the drive shaft of the pre-curl motor 84, and the cam follower 
assembly 326 connected to the rim rolling tool 322, operate 
to convert the rotational motion of the pre-curl motor 84 to 
linear motion of the rim rolling tool 322. In general, during 
the dwell time when the rimming turret 16 comes to a stop 
at the pre-curl workstation 38, the pre-curl tool 322 moves 
forward into engagement with the cup and operates to begin 
to roll the rim 106 at the upper region 108 of the sidewall 92. 
This tool is heated to approximately 2000 to facilitate 
forming the rim on the cup. 
0122) Next, the rimming turret 16 advances the cup 
receiver 300 to the finish curl workstation 40. The finish curl 
workstation 40 has similar components and operates similar 
to the pre-curl workstation 38, except that the extended 
position of the finish curl tool is further than the extended 
position of the pre-curl tool 322 to complete the rim rolling 
process and complete the manufacturing of the cup 90. Like 
the tool of the pre-curl workstation 38, the tool of the finish 
curl workstation 40 is heated to approximately 200° to 
facilitate forming the rim on the cup. 
0123. In operation, the drives of both the pre-curl motor 
84 and the finish curl motor 86 receive a drive profile signal 
from the main controller 49, and a command signal from the 
drive of the horizontal turret motor 56. In one embodiment, 
the drive of each of the pre-curl motor 84 and the finish curl 
motor 86 is hardwired directly to the drive of the horizontal 
turret motor 56. In response to the command signal sent 
from the drive of the horizontal turret motor 56, the pre-curl 
motor 84 and the finish curl motor 86, respectively, move 
their tools forward and engage the cup according to a 
specific drive or motion profile sent by the main controller 
49. Because each of these workstations has their own drive 
motor, and because the drive profile and parameters there 
fore can be independently modified, the operation and 
efficiency of these workstations are greatly enhanced. Fur 
ther, their usefulness with a variety of paper and cup types 
is greatly enhanced. For example, the amount of rolled rim 
106 desired, which affects the individual cup 90 height, can 
be manipulated by these workstations. As shown in the 
respective setup screens, see FIGS. 33 and 34, the machine 
operator may adjust: the pre-curl retracted position 330; the 
pre-curl extended position 332; the pre-curl dwell time 334; 
the finish curl retracted position 336; the finish curl extended 
position 338; and, the finish curl dwell time 340. Addition 
ally, the pre-curl and finish curl profiles stored in the main 
controller 49 may also be electronically modified. 
0.124. The finish curl operation is the last operation 
performed on the cup 90. After the cup 90 is completely 
formed, the rimming turret 16 again advances one worksta 
tion index and to a discharge workstation 42. At that 
workstation 42 the finished cup 90 is blown from the cup 
receiver 300 by a jet of compressed air into a discharge tube, 
see FIG. 1, which serves to guide the finished cup to a 
collecting device (not shown). If the finished cup 90 is 
defective for some reason, however, the cup receiver 300 
will not discharge the cup 90 into the discharge tube, but 
rather will wait until the rimming turret 16 advances to the 
next workstation, the reject discharge workstation 44, to 
discharge the cup 90. 
0125 While various drive and signal configurations for a 
preferred embodiment of the cup forming machine 10, and 
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for preferred embodiments of various workstations, have 
been illustrated and described herein, one of ordinary skill in 
the art would readily understand that a multitude of drive 
and signal configurations are possible without departing 
from the scope of the present invention. 
0.126 Additional features of the cup forming machine 10 
are also present. For example, one embodiment of the cup 
forming machine 10 embodies a stop feature wherein when 
a stop is initiated by the operator, the machine 10 tracks the 
last cup 90 through the machine and then stops each of the 
turrets and workstations. Another feature of this machine 10 
is that during an emergency stop all of the servo motors are 
disabled. Accordingly, all Subassemblies can be manually 
manipulated so that maintenance of any servo motor can be 
completed on any motor. When an emergency stop is 
removed all of the servo motors open completely and then 
cycle to the start position. 
0127. The above-described cup forming machine 10 is 
one example of many that may, or may not, incorporate a 
variety of workstations and turrets as described. Different 
arrangements of workstations may be used on other cup 
forming machines. For example, Some cup forming 
machines utilize a single turret with additional rimming 
stations disposed about the single turret. All are equally 
adaptable to incorporate any of the workstations, including 
the workstations to fold the sidewall and the workstation to 
perform the bottom finish technique of the present invention. 
0.128 Several alternative embodiments and examples 
have been described and illustrated herein. A person of 
ordinary skill in the art would appreciate the features of the 
individual embodiments, and the possible combinations and 
variations of the components. A person of ordinary skill in 
the art would further appreciate that any of the embodiments 
could be provided in any combination with the other 
embodiments disclosed herein. Additionally, the terms “first, 
'second,”“third,' and “fourth’ as used herein are intended 
for illustrative purposes only and do not limit the embodi 
ments in any way. Further, the term “plurality” as used 
herein indicates any number greater than one, either dis 
junctively or conjunctively, as necessary, up to an infinite 
number. 

0129. It will be understood that the invention may be 
embodied in other specific forms without departing from the 
spirit or central characteristics thereof. The present 
examples and embodiments, therefore, are to be considered 
in all respects as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein. 
Accordingly, while the specific embodiments have been 
illustrated and described, numerous modifications come to 
mind without significantly departing from the spirit of the 
invention and the scope of protection is only limited by the 
Scope of the accompanying Claims. 

What is claimed is: 
1. A folding wing assembly for folding a sidewall for a 

paper cup around a mandrel, comprising: 
a left folding wing apparatus having a left folding wing 

and a first motor to drive the left folding wing, and a 
right folding wing apparatus having a right folding 
wing and a second motor to drive the right folding 
wing. 
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2. The folding wing assembly of claim 1, further com 
prising a controller electrically connected to the motors to 
separately control drive profiles for the first and second 
motorS. 

3. The folding wing assembly of claim 1, further com 
prising a controller electrically connected to the motors to 
electronically control drive profiles for the first and second 
motorS. 

4. The folding wing assembly of claim 1, further com 
prising a controller electrically connected to the motors to 
electronically adjust drive parameters for the motors. 

5. The folding wing assembly of claim 1, further com 
prising a controller electrically connected to the motors to 
electronically adjust a stop position of the folding wings. 

6. The folding wing assembly of claim 1, further com 
prising a controller electrically connected to the motors, the 
controller having an input station to allow an operator to 
enter parameters for electronically controlling the first and 
second motors. 

7. The folding wing assembly of claim 1, further com 
prising a first connector between the first motor and the left 
folding wing, and a second connector between the second 
motor and the right folding wing. 

8. The folding wing assembly of claim 7, further com 
prising a first crank arm connected between the first motor 
and the first connector, and a second crank arm connected 
between the second motor and the second connector. 

9. A folding wing assembly for folding a sidewall for a 
paper cup around a mandrel of a cup forming machine, the 
folding wing assembly comprising: 

a left folding wing member, a right folding wing member, 
and independent controls for the left and right folding 
wing members. 

10. The folding wing assembly of claim 9, wherein the 
independent controls for the left and right folding wing 
members are separate motors for the left and right folding 
wing members. 

11. The folding wing assembly of claim 9, wherein the 
independent controls for the left and right folding wing 
members are separate drive profiles stored in a controller 
electrically connected to a drive for the left and right folding 
wing members. 

12. A folding wing assembly for folding a sidewall for a 
paper cup around a mandrel of a cup forming machine, the 
folding wing assembly comprising: 

a left folding wing, a right folding wing, a drive mecha 
nism mechanically connected to the left and right 
folding wings, and a controller electrically connected to 
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the drive mechanism to independently control move 
ment of the left and right folding wings. 

13. The folding wing assembly of claim 12, wherein the 
drive mechanism comprises a first motor connected to the 
left folding wing, and a second motor connected to the right 
folding wing. 

14. The folding wing assembly of claim 12, wherein the 
controller has an input station to allow an operator to enter 
parameters for electronically controlling the drive mecha 
1S. 

15. A folding wing assembly for folding a sidewall for a 
paper cup around a mandrel of a cup forming machine, the 
folding wing assembly comprising: 

a left folding wing that moves according to a left folding 
wing drive profile, a right folding wing that moves 
according to a right folding wing drive profile, and a 
controller operably connected to the folding wings, the 
controller electrically adjusting the left and right fold 
ing wing drive profiles. 

16. The folding wing assembly of claim 15, further 
comprising a left folding wing motor mechanically con 
nected to the left folding wing, and a right folding wing 
motor mechanically connected to the right folding wing, 
wherein the controller is electrically connected to the left 
folding wing motor and the right folding wing motor. 

17. A folding wing assembly for folding a sidewall for a 
paper cup around a mandrel of a cup forming machine, the 
folding wing assembly comprising: 

a left folding wing that moves according to a left folding 
wing drive parameters, a right folding wing that moves 
according to a right folding wing drive parameters, and 
a controller operably connected to the folding wings, 
the controller adjusting the left and right folding wing 
drive parameters. 

18. The folding wing assembly of claim 17, further 
comprising a left folding wing motor mechanically con 
nected to the left folding wing, and a right folding wing 
motor mechanically connected to the right folding wing, 
wherein the controller is electrically connected to the left 
folding wing motor and the right folding wing motor. 

19. The folding wing assembly of claim 17, further 
comprising an input station electronically connected to the 
controller, the input station accepting parameters from an 
operator for electronically controlling the first and second 
motorS. 


