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(57) ABSTRACT 

A method of manufacturing a device having a ?rst elasto 
meric portion and a second elastomeric portion, the second 
elastomeric portion being formed into a nonplanar shape, 
i.e., a vaginal discharge collection device that is formed of 
an elastomeric rim and a ?exible ?lm reservoir, including the 
steps of loading a rim into a carrier plate, laying ?lm over 
the rim, heat sealing the ?lm to the rim, preheating the rim 
and ?lm, draWing the ?lm into a chamber by creating a 
vacuum to form the collector, and removing the collector 
from the carrier plate. 
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METHOD AND SYSTEM FOR MANUFACTURING 
ELASTOMERIC ARTICLES 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/021,236, ?led Jul. 3, 1996. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to a method 
and system for manufacturing elastomeric articles and more 
speci?cally to a method and system for manufacturing a 
device having a plurality of elastomeric portions, one of 
Which is a relatively thin nonplanar portion and the other of 
Which is a relatively thick portion, such as the devices of the 
types described in US. Pat. No. 5,295,984 for collecting 
vaginal discharge and/or vaginal delivery of substances such 
as medication, the entire disclosure of Which is incorporated 
herein by reference. 

[0003] The system may be used, for eXample, to produce 
a particular product Whose relatively thick portion may be an 
elastomeric rim and Whose relatively thin portion may be a 
nonplanar thin elastomeric reservoir. In manufacturing 
methods of the prior art, devices of this type may be 
injection molded in one piece. For some devices, hoWever, 
injection molding is inappropriate because the reservoir 
component must be a very thin ?lm. In order to achieve this 
thinness, the reservoir may be vacuum-formed from a sheet 
of elastomeric material. A common method of producing a 
device Whose reservoir is a very thin ?lm is simply to attach 
a pre-formed reservoir to a separately formed rim. HoWever, 
the pre-formed reservoir is dif?cult to manage because the 
very thin elastomeric ?lm is fragile, sticks to itself and fails 
to retain its shape after it has been vacuum-formed. 

SUMMARY OF THE INVENTION 

[0004] In one aspect of the invention, a plurality of ?rst 
elastomeric portions is heat sealed to a second elastomeric 
portion having a planar form to create intermediate compo 
nents that are subsequently placed in a vacuum mold in 
Which the planar second elastomeric portion is formed to 
create a nonplanar thin portion. 

[0005] In one application of the present invention, a sheet 
of elastomeric ?lm is heat sealed to a batch of elastomeric 
rims to create drumheads that are subsequently placed in a 
vacuum mold in Which the ?lm portion is vacuum formed 
from the drumheads to form reservoirs. 

[0006] It is an object of the present invention to provide a 
method of manufacturing a device having an elastomeric rim 
and a thin, ?exible ?lm reservoir attached to the rim. 

[0007] It is a further object of the present invention to 
provide a method of manufacturing a vaginal device. 

[0008] It is another object of the present invention to 
provide a method of manufacturing a device that is capable 
of delivering substances or other agents Within the vagina. 

[0009] It is a further object of the present invention to 
provide a method of manufacturing a vaginal discharge 
collector. 

[0010] It is another object of the present invention to 
provide a method of mass producing a device having an 
elastomeric rim and a thin, vacuum-formed, ?lm reservoir 
attached to the rim. 

Feb. 21, 2002 

[0011] It is still a further object of the present invention to 
provide a method of manufacturing a device having an 
elastomeric rim and a thin, vacuum-formed, ?lm reservoir 
attached to the rim in Which a ?lm is ?rst heat sealed to the 
rim before the vacuum-forming occurs. 

[0012] It is another object of the present invention to 
provide a method of manufacturing a device having an 
elastomeric rim and a thin, vacuum-formed, ?lm reservoir 
attached to the rim that monitors Whether an appropriate 
vacuum Was formed during the vacuum-forming step and 
applies this information to separate rejected devices from 
acceptable ones. 

[0013] It is an object of the present invention to provide a 
method for orienting the rims from the molding process such 
that each molded rim is identically positioned prior to the 
heat sealing and vacuum molding processes. 

[0014] It is another object of the present invention to 
provide a method for automatically testing the devices to 
determine the presence of manufacturing or material defects 
Within the ?nished device. 

[0015] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description and draWings Which illustrate preferred embodi 
ments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a plan vieW of a preferred embodiment of 
a system for manufacturing a device having an elastomeric 
rim and a thin, vacuum-formed, ?lm reservoir attached to 
the rim according to the present invention. 

[0017] FIG. 2 is an elevation vieW of a second preferred 
embodiment of a system for manufacturing a device having 
an elastomeric rim and a thin, vacuum-formed, ?lm reser 
voir attached to the rim according to the present invention. 

[0018] FIG. 3 is a perspective vieW of part of a carrier 
plate used in the system of FIG. 1. 

[0019] FIG. 4 is a cross-sectional vieW taken along sec 
tion line IV-IV of FIG. 3. 

[0020] FIG. 5 is a perspective vieW of the load station of 
the system of FIG. 1. 

[0021] FIG. 6 is a perspective vieW of the heat seal station 
of the system of FIG. 1. 

[0022] FIG. 7 is a bloWn-up perspective vieW of the heat 
seal station of FIG. 4. 

[0023] FIG. 8 is a cross-sectional vieW taken along sec 
tion line VIII-VIII of FIG. 7. 

[0024] FIG. 9 is a vieW like FIG. 8 shoWing the heat seal 
tools Welding the ?lm to the rims. 

[0025] FIG. 10 is an elevation cross-sectional vieW taken 
along section line X-X of FIG. 1 of the pre-heat station of 
the system of FIG. 1. 

[0026] FIG. 11 is an elevation cross-sectional vieW taken 
along section line XI-XI of FIG. 1 of the vacuum forming 
station of the system of FIG. 1. 

[0027] FIG. 12 is a cross-sectional vieW of the vacuum 
cavity of the vacuum forming station of FIG. 11. 
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[0028] FIG. 13 is an elevation vieW of the unload station 
of the system of FIG. 1. 

[0029] FIG. 14 is a perspective vieW of a device produced 
by the system of FIG. 1. 

[0030] FIG. 15 is a perspective vieW of a preferred system 
for determining the orientation of the rims prior to being 
inserted into the carriers. 

[0031] 
15. 

[0032] FIG. 17 is a top vieW of the system of FIG. 15. 

[0033] FIG. 18 is top vieW of a preferred system for 
determining the roundness-and ?atness of the rims prior to 
being inserted into the carriers. 

[0034] FIG. 19 is an elevation sectional vieW of an 
apparatus for testing the ?nished devices for defects. 

FIG. 16 is an elevation vieW of the system of FIG. 

[0035] FIG. 20 is a top vieW of a second embodiment of 
a system for manufacturing a device having an elastomeric 
rim and a thin, vacuum-formed, ?lm reservoir attached to 
the rim according to the present invention. 

[0036] FIG. 21 is a plan vieW of another embodiment of 
a system for manufacturing a device having an elastomeric 
rim and a thin, vacuum-formed, ?lm reservoir attached to 
the rim according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0037] The method of manufacturing a device 214 (see 
FIG. 14) having an elastomeric rim 200 and a thin, vacuum 
formed, ?lm reservoir 202 attached to the rim 200 Will noW 
be described. The embodiment shoWn in the ?gures is 
especially adaptable for menstrual ?uid collection. For other 
types of applications, it may be desirable to use appropriate 
materials and appropriately shaped vacuum forming appa 
ratus so as to shape the devices to desirable forms, such as, 
for eXample those described in US. Pat. No. 5,295,984, 
depending upon the desired application, such as substance 
delivery. 

[0038] The rim 200 is injection molded in a siXteen cavity 
injection mold With a hot runner system and small heated 
gates that leave vestiges 218 (see FIGS. 8 and 9) formed on 
one side of the rim 200, Which give the rim 200 an 
orientation. The molding operation may leave betWeen 2 and 
8 gate vestiges on the molded rim 200 (2 gate vestiges being 
shoWn in FIGS. 8 and 9). The reservoir 202 is made from 
a sheet of elastomeric ?lm 204. The ?lm 204 is manufac 
tured by a ?at die processor and delivered to the manufac 
turing facility of the present invention in rolls 42. 

[0039] Refer noW to FIGS. 1 and 2, there being shoWn a 
preferred embodiment of a manufacturing system according 
to the present invention. The manufacturing system of FIG. 
1 includes ?ve stations: the load station 20, the heat seal 
station 40, the pre-heat station 60, the vacuum forming 
station 80 and the unload station 100. The manufacturing 
system is controlled by tWo programmable logic controllers 
(PLC) 10 Which sequence the actions of the equipment. 
These activities may be automated or actuated at various 
points by operator controls. 
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[0040] A carrier plate 16 containing the devices travels 
through each station. FIG. 1 shoWs the stations being 
arranged in a carousel connected by a conveyor 12 having a 
pair of chain assemblies 14 that carry the carrier plate 16. 
FIG. 2 shoWs the station being arranged in a line in Which 
a Walking beam system 317 carries the carrier plate 16 to 
each station: the heat seal station 340, the pre-heat station 
360, the vacuum forming station 380, and the unload station 
400. Elevators 320 are located at each ends of the line of 
FIG. 2, Which raise and loWer the carrier plate 16. The 
elevators 320 enable some of the stations to be stacked 
above others, Which conserves ?oor space in the factory. 
FIG. 20 shoWs a top vieW of the station of FIG. 2. 

[0041] FIG. 21 shoWs a plan vieW of another embodiment 
of the invention Where the rims 200 are fed onto the carrier 
plates 16 by loading the rims 200 onto tWo separate carrier 
plates 16 at one time before the carrier plate 16 proceeds to 
each station. The rims 200 are poured into a trough shaped 
pre-feeder 522 before traveling to a pair of centrifugal 
feeders 524. The centrifugal feeders 524 discharge the rims 
200 into a pair of lanes 526 in a ?at orientation for insertion 
into the carrier plates 16. The assembly may include a device 
(not shoWn) for inspecting the rims 200 prior to insertion 
into the carrier plates 16 to determine the roundness, ?atness 
and orientation of the rims 200. 

[0042] The carrier plate 16 may be conveyed to each of the 
manufacturing stations by the conveying arrangement of 
either FIG. 1 or FIG. 2, as Well as by others knoWn in the 
art. 

[0043] FIG. 1 shoWs that the carrier plate 16 of the present 
invention is square, and siZed to accommodate a plurality of 
devices. In a preferred embodiment, the carrier plate 16 is 
approximately 36 inches by 36 inches and approximately 
0.3125 inches thick. One hundred holes 18 are formed in the 
carrier plate in ten roWs of ten. The diameter of the holes 18 
is designed to produce a friction ?t betWeen the rims 200 and 
the holes 18 When the rims 200 are inserted into the holes 18. 
As seen in FIGS. 3 and 4, the holes 18 eXtend through the 
entire carrier plate 16. The carrier plate 16 includes annular 
ridges 19 around each hole 18. A recess 15 is de?ned 
betWeen the annular ridges 19. The depth of the recess and 
the height of the ridges are dimensioned such that a loWer 
stripper plate 58 ?ts Within the recess and the ridges 19 lend 
support to the rims 200 during the heat sealing process. 

[0044] The rims 200 are poured into a trough-shaped 
pre-feeder 22 at the load station 20. The rims 200 then travel 
to a pair of centrifugal feeders 24 Which discharge the rims 
200 into a pair of lanes 26 in a ?at orientation. The assembly 
may include a module 240 (shoWn in FIGS. 15-18) that 
inspects the rims 200 and diverts them such that they fall 
With the side including the vestige oriented upWards. The 
lanes 26 carry the rims 200 over to the carrier plate 16 Which 
has been placed in position. 

[0045] Refer noW to FIG. 15. This ?gure shoWs a pre 
ferred embodiment Where the assembly includes a module 
240 that inspects the rims 200 and diverts them such that 
they fall With the vestige 218 oriented upWards. The rim 200 
is molded With a series of protrusion 222 on the inside 
surface of the rim 200. The protrusions 222 are not in the 
center of the inside surface, but are offset and aligned closer 
to one edge of the inside of the rim 200. In the illustrated 
embodiment, the protrusions 222 are located opposite the 
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vestiges 218. The protrusions 222 are sized and spaced to be 
sufficiently distinct to be detected by a vision detection 
system as discussed below. In the illustrated embodiment, 
the protrusions 222 are spaced around the inside circumfer 
ence of the rim 200 and are about 0.25 inches in length, 
about 0.0625 inches Wide and have a height of from about 
0.005 inches to about 0.010 inches. The rim 200 may include 
as many protrusions 222 as are required for efficient opera 
tion. Preferably, the rim 200 includes about 10 protrusions 
222 located along the interior circumference of the rim 200. 

[0046] The protrusions 222 serve at lease tWo different 
purposes. The protrusions 222 facilitate the extraction of the 
molded rim 200 from the cavity in the molding operation to 
the core side to enhance ef?cient cycling of the molding 
operation of the rim 200. The offset protrusions 222 are also 
recogniZable by the video camera 241 and serve to differ 
entiate one edge of the rim 200 from the other. Only one 
edge of the rim 200 has vestiges 218 and through this 
process all of the rims 200 Will be oriented With the vestiges 
218 facing the same direction. Detecting the protrusions 222 
on the inside circumference of the rim 200 is important so 
that the rim 200 may be oriented such that the ?lm 204 is 
Welded onto the rim 200 Where the vestiges 218 are present. 
This ensures that the vestiges 218 are not left eXposed, 
Which in some cases, if the vestiges 218 are present, may 
irritate the user. 

[0047] To ensure that the rims 200 are properly oriented, 
reference is made to FIG. 15. The rims 200 are stood up on 
their edge in the elevating conveyors 242 and moved toWard 
the camera 241. As they move toWard the camera 241, the 
rims 200 are compressed to produce a ?attened segment 243 
Which in the illustrated embodiment is about one and 
one-half inches long alloWing the camera 241 to vieW the 
protrusions 222 on the interior circumference of the rims 
200. The camera 241 recogniZes the position of the protru 
sions 222 on the inside circumference of the rim 200 and 
signals an orienting device 244 farther doWn the track Which 
orients the rims 200 With the vestiges 218 pointed upWard. 
The camera 241 preferably uses AcuytyTM softWare from 
IVS Express Vision to recogniZe the presence of the pro 
trusions 222, and therefore the orientation of the rim 200 and 
to contact the rotating vane 246 to orient the rims before 
placing them in the carrier plate 16. 

[0048] Further reference is made to FIGS. 16 and 17. 
These ?gures shoW the rim 200 moving through the elevat 
ing conveyors 242 to a preferred orienting device 244 for 
orientating the rims 200. The orienting device 244 prefer 
ably comprises a stationary vane 245 and a rotating vane 246 
Which is in contact With a rotary solenoid 248. The rotary 
solenoid 248 senses the signal from the camera 241 and 
signals the rotating vane 246 to tip the rim 200 in a direction 
247 so that the vestiges 218 are facing upWard on the 
discharge conveyor 26. The discharge conveyor 26 may 
include a Wall 249 that maintains the rims 200 oriented in 
tWo roWs for insertion in the carrier plate 16. 

[0049] In a preferred embodiment, the module 240 
includes an additional rim inspection device 260 (FIG. 18) 
to determine Whether the rim 200 is Within predetermined 
tolerances for both roundness and ?atness., The rim inspec 
tion device 260 is preferably located after-the rim orienting 
device 244. The rim inspection device 260 has a machine 
vision system 265 Which vieWs the rim 200 as the rim 200 
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moves along a conveyor 26 and a ?atness detection device 
267. Preferably, the rims 200 pass the rim inspection device 
260 at a rate of about 300 to 400 per minute. 

[0050] The rim inspection device 260 inspects the rims 
200 for both roundness and ?atness. To inspect the rims 200 
for roundness, each rim 200 is inspected by the machine 
vision system 265. The machine vision system 265 includes 
a camera 261 Which takes an electronic image of the rim 
200. The machine vision system 265 evaluates the rim 200 
at several points to determine Whether the rim 200 meets 
predetermined physical characteristics so that the rim 200 
has sufficient roundness for use in the device 214 by 
comparing the electronic image obtained from the rim 200 
to a predetermined range of acceptable images. If the rim 
200 is determined to be insuf?ciently round for use in the 
device 214, the rim 200 is discarded by an actuated air jet 
(not shoWn). The machine vision system 265 may use the 
AcuytyTM Intelligent Vision softWare as described above. 

[0051] The ?atness detection device 267 includes a plu 
rality of photocells 263 Which scan across the top of the rim 
200 as they move along the conveyor 26. The photocell 
beam 262 is set at a predetermined height above the con 
veyor 26. The photocells 263 scan across the conveyor 26 to 
a photocell receptor 264. If a photocell beam 262 is broken, 
the rim inspection system 260 discards the rim 200 through 
the use of an actuated air jet (not shoWn). 

[0052] At this point the rims 200 are singulated, or 
removed individually, either by a robotic arm 30, as seen in 
FIG. 5, or by some other escapement device. The rims 200 
are then inserted into the holes 18 of the carrier plate 16. A 
robotic hand 34 may be used to take the rims 200 from the 
lanes 26 and insert them into the carrier plate 16. When a 
robotic arm 30 is used With a conveyor 12, stops 13 are 
formed on the conveyor 12 that indeX the carrier plate 16 
tWo roWs at a time so that the robotic arm 30 may insert tWo 
roWs of rims 200 into the carrier plate 16 before the carrier 
plate 16 is moved to the neXt stop 13. In the alternative, 
rather than using a robotic arm arrangement, the rims 200 
could be scooped from a singulated roW and put into a coin 
changer type escapement Which Would manually place each 
rim 200 into a funnel that is aligned With the holes 18 in the 
carrier plate 16 and insertion rams may travel through the 
insertion chute to push the rims 200 into the holes 18. 

[0053] In either case, the rims 200 are held in the carrier 
plate 16 by a friction ?t, Which prevents the rims 200 from 
falling out of the carrier plate 16 during the balance of the 
manufacturing process until the devices are formed and 
unloaded from the carrier plate 16. The friction ?t enables 
the rims 200 to be loaded into the carrier plate 16 from the 
top and unloaded through the bottom because it eliminates 
the need for a ledge formed Within the hole 18 that could 
support the rims 200. Because the holes 18 do not contain a 
ledge or any other protrusion, the rims 200 may be pushed 
all the Way through the holes 18. When the rims 200 are 
Within the carrier plate 16, their motion in the X-Y direction 
(see FIG. 6) is completely restricted. 

[0054] In the embodiment shoWn, after one hundred rims 
200 are inserted into the carrier plate 16 so that all of the 
holes 18 contain a rim 200, the plate 16 is conveyed to the 
heat seal station 40. Refer noW to FIGS. 6-9. The heat seal 
station 40 includes a support table 59, Which supports the 
carrier plate 16, a feeder mechanism 46 Which advances the 
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?lm 204 though the heat seal station 40, and tWo ?lm rolls 
42. The ?lm is thin, approximately 0.011 inches, and is 
threaded through several cylinders 45 to create a slack loop 
44. Then, the ?lm 204 is threaded betWeen an upper stripper 
plate 56 and a loWer stripper plate 58, Which are spaced apart 
a sufficient distance to alloW the ?lm 204 to be threaded 
betWeen them. In a preferred embodiment, this distance is 
about 0.25 inches. The ?lm 204 is ?nally grasped by the 
feeder mechanism 46. The ?lm 204 that remains after the 
heat seal process, i.e., the scrim 206, is discarded into a scrap 
box 48. 

[0055] When the carrier plate 16 is positioned on the 
support table 59, the feeder mechanism 46 advances the ?lm 
204 such that a fresh portion of the ?lm 204 is located above 
the carrier plate 16. A loWer stripper plate 58, having holes 
formed in it that are aligned With the position of the rims 200 
Within the annular ridges 19, is then loWered to rest Within 
the recess 15 of the carrier plate 16, as seen in FIG. 8. 
Gravity pulls the ?lm 204 doWnWard so that the ?lm 204 
touches the loWer stripper plate 58 and contacts the top of 
the rims 200. The ?lm 204 lies on the tops of the rims 200 
such that it is essentially ?at. An upper stripper plate 56 
assists in keeping the ?lm 204 in position. 

[0056] An array of heat seal tools 50, also referred to as 
Weld tools, is then loWered though the upper stripper plate 
56 to touch the ?lm 204, as seen in FIG. 9. Each heat seal 
tool 50 is dimensioned to position the pressure point of the 
tool 50 precisely on the rim shoulder 216 Where there is 
relief for the edge of the tool 50 such that no vestige is 
formed by the Weld. The ?exibility and resiliency of the 
elastomeric rim 200 alloWs for Wider tolerances in the 
alignment of the rims 200 With the Weld tools 50. The force 
from the heat seal tool transfers through the carrier plate 16 
to the support table 59, Which supports the load. In a 
preferred embodiment, the carrier plate 16 does not support 
the load produced by the heat seal tool 50. 

[0057] As seen in FIG. 7, the heat seal tool 50 is heated 
by a cal rod style heater 52 With ?ve heat seal tools 50 per 
bar. The heated bars are mounted to a Water-cooler platen 54. 
The heat seal tools 50 are maintained at approximately 360 
degrees F. When the heat seal tools 50 are loWered to extend 
through both the upper and loWer stripper plates 56, 58, they 
touch the ?lm 204 (FIG. 9) for about four seconds to Weld 
the ?lm 204 to the rims 200. The Welded combination of a 
rim 200 and the ?lm 204 Within the rim 200 is referred to as 
a drumhead 208. When the vestige 218 formed on the rim 
200 is oriented upWard, as seen in FIGS. 8 and 9, the ?lm 
204 is sealed over it so that the vestige 218 is not visible and 
does not protrude from the rim 200 of the device 214 to 
irritate the vaginal canal. Thus, Welding the ?lm 204 to the 
vestige 218 side of the rim 200 produces a more comfort 
able, and thus, superior device 214. 

[0058] After the Weld is formed, the heat seal tools 50 
remain in position While the stripper plates 56, 58 are lifted 
together such that the ?lm 204 not part of the drumheads 208 
is severed from the rims 200. This severing occurs because 
the ?lm 204 around each heat seal tool 50 becomes molten 
as the tool 50 Welds the ?lm directly under the tool 50 to the 
rims 200. In addition, the edges of the heat seal tools 50 are 
sharpened slightly. The heat seal tools 50 are then lifted up 
to retract the tools 50 through the stripper plates 56, 58. The 
upper stripper plate 56 removes any remaining ?lm 204 
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from the heat seal tools 50. The carrier plate 16 containing 
the neWly formed drumheads 208 is then conveyed to the 
pre-heat station 60. 

[0059] Refer noW to FIG. 10 shoWing the pre-heating 
station 60. A pre-heating station is needed in order to raise 
the temperature of the drumheads 208 to the temperature 
necessary for effective vacuum extrusion. In a preferred 
embodiment, the drumheads should be about 250 degrees F. 
When they arrive at the vacuum forming station. The ?lm 
204 is knoWn to cool very rapidly after removal from a heat 
source. As a result, the pre-heat station must be close to the 
vacuum forming station in order to minimiZe the transfer 
time betWeen these stations. LoW transfer time enables the 
pre-heating station to be maintained at a loWer temperature, 
reduces the amount of time required in the pre-heating 
station and thus, the over all time of the manufacturing 
process, reduces the capacity of heater needed, and produces 
less heat Waste. 

[0060] The pre-heat station 60 includes an infrared heater 
62 Which includes several heating elements encased by 
ceramic insulating material. The heating elements are 
spaced closely together to prevent uneven heating. A quartZ 
radiating panel extends across the heating elements parallel 
to the carrier plate 16. This panel diffuses the heat produced 
by the heating elements and reduces the chance of uneven 
heating. Uneven heating may hinder the formation of the 
reservoir during the vacuum forming step 80 because the 
temperature of the drumheads 208 should be uniform in 
order for the ?lm 204 to be extruded properly. The tempera 
ture of the radiating panel is monitored With a thermocouple 
and is maintained in a preferred embodiment at about 1450 
degrees F. The temperature of the drumheads 208 is regu 
lated by the amount of time spent in the pre-heat station 60 
and the distance betWeen the radiating panel and the drum 
heads 208. Heater mounts 64 are used to adjust the height of 
the radiating panel. 

[0061] The carrier plate 16 remains in the pre-heat station 
for approximately eight seconds. When the drumheads leave 
the pre-heat station 60, they should be Warm enough to be 
able to enter the vacuum forming station 80 at a temperature 
appropriate for proper vacuum formation. In a preferred 
embodiment, this temperature is approximately 270 degrees 
F. The carrier plate 16 is then conveyed to the vacuum 
forming station 80 rapidly in order to reduce the amount of 
heat loss. 

[0062] The pre-heat station 60 could be eliminated if a 
heated surface Were placed inside the heat seal tool 50 Which 
Would touch both the ?lm 204 and raise its temperature to 
the proper thermoforming temperature. 

[0063] Refer noW to FIGS. 11 and 12. The vacuum form 
station 80 includes one hundred vacuum form cavities 82 
mounted to a stationary upper platen 84 in an arrangement 
of ten roWs of ten to correspond to the hundred drumheads 
208. Each vacuum cavity 82 has vacuum holes 94 through 
Which air is draWn to create a vacuum. In a preferred 
embodiment, each cavity 82 has ?ve 0.015 inch diameter 
holes 94. The holes 94 join together in an internal plenum 98 
Within the vacuum cavity 82 from Which a single vacuum 
line (not shoWn) runs out of the individual cavity 82. The 
vacuum line includes a sensor (not shoWn) that monitors 
Whether a proper vacuum has been draWn Within the indi 
vidual cavity 82 and relays this information to the PLC’s that 








