G\I-' DEMAND FAST CYCLE MOLD BACKGROUND OF THE | NVENTI ON 1. %::I)'Qigé'. 3&

I nvention The present :invention relates generally to an on-, nd fast
.cycle nold, and nore part|cularly pertains to an on- denand ast cle
package nnld havi ng a hot runner-system which is both heaLg z ﬂm ﬁﬁled to
provide a short response time and optimal tenperature control. On- demand

I nj ection nDIdlng I's made possible by a pul se cooling system the cooling
desi gn of gate inserts, and gL [ + e ﬂ&e cool i ng channel s.
The programm ng of the soft been designed to
achi eve on-denmand i nj ectlon nDIdlno. The design of a closed | oop nold
cool i ng syst SaGRaieH: £ cool i ng

1. Field of the Invention

The present invention relates generally to
an on-demand fast cycle mold, and more particularly
pertains to an on-demand fast cycle package mold
having a hot runner system which is both heated and
cooled to pfovide a short response time and optimal
temperature control. On-demand injection molding is
made possible by a pulse cooling syétem, the coqling
design of gate inserts, and an effective iayout of the
cooling channels. The programming of the software and
hardware has also been designed to achieve on-demand
injection molding. The design of a closed loop mold
cooling system incorporates an advanced cooling
circuit layout and high thermal conductivity inserts,
and also provides easy maintenance and better quality
control of the coolant which significantly reduces
corrosion and scale buildup. Mold cooling is
controlled by sensors installed inside the mold which
are used in feedback control loops. The design of the
gate insert provides precise mold temperature control
and improved cosmetic appearance 6f the molded

- package. The use of a needle-valve nozzle results in
reduced cycle times and improved moldability.
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Ggircuit layout and high thermal conductivity inserts, and al so provides
easy mai ntenance and better quality control of the cool ant which
.significantly reduces corrosion and scalg_buil dup. Mdld cooling is
controlled by sensors installed inside tfie nold which are used in feedback
control |oops. The design of the gate insert provides precise nold

t enperature control

and i nproved cosnetic appearance of the nol ded package.

The use of a needl e-val ve nozzle results in reduced cycle tines and

i nproved nol debiMARY. OF THE ISVEMARYNOE THE | NVENTI ON

Accordingly, it is a primary object of the

present invention to provide an on-demand fast cycle
packaging mold.

A further objéction of the subject invention

is the provision of an on-demand fast cycle package
mold having the following advantages:

1. A high voltage (208-220V versus

24V) heated hot runner system provides a short
response time and optimal temperature control.

2. A brazed gate insert provides

precise mold temperature control ahd_improves the
cosmetic appearance of the package..

3. An optimal gate position improves

the integrity of the heat seal.

4. On-demand injection molding is made

possible by a pulse modulated cooling system, the
cooling design of the brazed gate insert, and an
effective layout of the cooling channels.

5. Mold cooling is controlled by

sensors installed inside the mold which are used in
feedback control loops.

6. A closed-loop cooling system

provides easier maintenance and better quality control
of the coolant to reduce corrosion and scale buildup.

7. The process variability is

minimized compared with conventional mold designs.

8. A needle-valve nozzle results in

reduced cycle times and improved moldability.



Accordingly, it.is a primary object of the present invention to provide an
on-denand fast cycle packaging nold. A further objection of the subject
.invention is the provision of an on-demanRd fast cycle package nold having
the follow ng advantages: 1. A high voltage (208-220V versus 24V) heated
hot runner system provides a short response tine and optinmal tenperature
control. 2.. A brazed gate insert provides precise nold tenperature contro
and i nproves the cosnetic appearance of the package. 3. An optimal gate

position inproves the integrigdy ahd perdgpamatay. of. the- defawdrienqad i on
molding is magz.%rdwa,re has been designed to achieve on-demand
injection molding.

10. The design of the mold cooling
system incorporates an advanced cooling circuit layout
and high thermal conductivity inserts, which
significantly reduce the cycle time and molding
defects.

In accordance with the teachings herein, the
present invention provides an on-demand fast cycle
mold system for producing injection molded products
such as polypropylene blister package bases. The mold
system comprises a hot runner system'for supplying
molten molding material, from any suitable
thermoplastic material, to at least one injection
nozzle, and the hot runner system is both heated and
cooled to provide a short response time and optimal
temperature control. The cooling system is a pulse
modulated cooling system, wherein in operation of the
pulse modulated cooling system, during each molding
cycle, after the mold is filled with molten plastic
the heat input of the molten plastic is matched by a
timed pulse of coolant, after which the mold is
allowed to dissipate heat gradients and seek
equilibrium such that the molten plastic is cooled
with greater uniformity which results in a molded part
with reduced stress and better surface appearance. An
electric heating system is provided for heating the
mold system. A plurality of temperature sensors
installed inside the mold system are used in feedback
control loops to contrel the flow of coolant through



possi bl e by a pul se nodul ated cooling system the cooling design of the
brazed gate insert, and an effective |ayout of the cooling channels. 5.

. Mol d cooling is controlled by sensors ingtalled inside the nold which are
used in feedback control |oops. 6. A closed-lIoop cooling system provi des
easi er mai-ntenance and better quality control of the coolant to reduce
corrosion and scal e buildup. 7. The process variability is mnimzed
conpared with conventional nold designs. 8. A needle-valve nozzle results
in reduced cyHes doosktngndystemyvedllvlofalbhei fpregoing features

result in reduced cycle time and improved moldability.

In greater detail, the electric heating
system includes a high voltage heater operated by
208-220V to provide a short response time and optimal
temperature control. The injection nozzle is heated
by an electrical heating coil which is positioned
around the injection nozzle. A high thermal
conductivity gate insert includes an annular coolant
flow passage around the injection nozzle to provide
precise mold temperature control and improved cosmetic
appearance of the molded product. The mold includes
an upper bowl insert defining an upper surface of a
bowl being molded which includes a central coolant
flow passage extending centrally therein for cooling
the upper bowl insert. The mold further includes a
lower bowl insert defining a lower surface of a bowl
being molded which includes an annular coolant flow
passage which is positioned around the lower bowl
insert for cooling thereof. The mold system produces
injection molded polypropylene blister package bases,
each of which defines a bowl portion which is adapted
to package a hydrogel contact lens immersed in a
saline packaging solution in the bowl, and also a tail
portion. Each mold cavity is monitored for temperature
by first and second thermocouples, a first
;thermocouple positioned to sense the temperature by
the tail portion of the blister package base and a
second thermocouple positioned to sense the
temperature by the bowl portion of the blister package
base.



:3 - 9. The programming of the software and hardware has been designed to
achi eve on-denmand injection nolding. 10. The design of the nold cooling
- systemincorporates an advanced cooling gircuit layout and high thermal
conductivity inserts, which significantly reduce the cycle tinme and nol di ng
defects. In accordance with the teachings herein, the present invention
provi des an on-demand fast cycle nold system for producing injection nolded
products such as pol ypropyl ene blister package bases. The nold system
conprises a hot runner estmild ofafURBpri®e a 16 cavity, hot

manifold design which includes a stationary mold side
and a moveable mold side which are clamped together
dﬁring an injection molding process, and after setting
of the molded product, the movable mold side is
released and displaced away from the stationary mold
side to enable the injection molded products to be
ejected from the mold cavities. The mold system
includes a hot runner system, with the initial flow of
the hot runner system being in the center of the hot
maniféld mold design, and branching left and right
and also forward and backward, and downwardly to a
symmetrical arrangement of 16 mold cavities, having 4
rows of 4 mold cavities.

The molded product is preferably injection
molded from polypropylene, and the polypropylene melt
temperature is controlled to within a narrow :
temperature range to avoid polypropylene melt freeze
off or drooling during injection mold operatioms.

The cooling system comprises a closed loop
cooling system for cooling the hot manifold mold,
which includes a coolant pump for supplying coolant to
a plurality of solenoid operated mold supply valves
for a plurality of cooling zones. The coolant flows
from the plurality of Supply valves to a plurality of
supply in-line manifolds, each having a plurality of
cooling paths. The coolant returns through return
lines to a plurality of manual return shutoff shaft
valves, each with a flow turbine and remote flow
sensor, and from there to a coolant tank to be
recycled by the coolant.pump.' The mold system



mol ten nol ding material, fromany suitable thernoplastic material, to at
| east one injection nozzle and the hot runner systemis both heated and
.cooled to provide a short response tine -ghd optinmal tenperature control.
The cooling systemis a pul se nodul ated cooling system wherein in
operation of the pul se nodul ated cooling system during each nol ding cycle,
after the nold is filled with nolten plastic the heat input of the nolten
|l astic is matched by a timed pul se of coolant, after which the nold is
P at ¢l . arter
allowed to di sacpmmeatplgxmﬂy a:ﬁaruéw@amlséﬁga%wah that the
nmol ten pl asti | eater, u | for which resylts jn a nol ded
art with redgggg’e?%r%é%ge\z;gn te? se[ﬁ’cf ‘éo% Gr 4RRE ﬂﬂgeFéE’E‘ric heati ng
P .
systemis protemaﬁnanuﬁﬁﬁﬂengpnfprov1des an input to a zone control
system for each solenoid operated valve. The coolant
flows through a shell and tube heat exchanger where it
is cooled to a selected proper temperature by a
chiller solution supplied and returned through a
temperature controller valve, which is controlled by a
temperature sensor mounted in the coolant tank.
BRIEF DESCRIPTION OF THE DRAWINGS |
The foregoing objects and advantages of the
present invention for an on-demand fast cycle mold may
be more readily understood by one skilled in the art
with reference being had to the following detailed
description of several preferred embodiments thereof,
taken in conjunction with the accompanying drawings
wherein like elements are designated by the identical
reference numerals throughout the several views, and *
in which:.

Figures 1 and 2 are respectively top plan
and side sectional views of a polypropylene blister
package base which can be molded pursuant to the
teachings of the present invention;

Figure 3 is a graph of the heat flow
characteristics of polypropylene as é function of
temperature, and illustrates a sharp melting point for
polypropylene and hence the need to control the
polypropylene melt temperature to within a narrow
temperature range to avoid polypropylene melt freeze
off or drooling during injection molding operations;



pol d system A plurality of tenperature sensors installed inside the nold
system are used in feedback control |oops to control the flow of cool ant

-t hrough -4- the cooling system Al of_the foregoing features result in
-teduced cycle time and inproved noldability. In greater detail, the
el-ectric heating systemincludes a high voltage heater operated by 208-220V
to provide a short response tinme and optinal tenperature control. The

i njection nozzle is heated by an electrical heating coil which is

posi tioned around the ipligaiie0d AQ2dserated ah falbRtM¥levational
view, partly in section, of one portion of an assembly
of a 16 cavity, hot manifold mold design, and .
illustrates 2 of the 16 mold cavities, details of 1
injection nozzle, and 2 thermocouples positioned to
sense the temperature at two locations in the hot
manifold mold; '

Figure 5 illustrates details of the hot
runner system of the hot manifold mold design;

Figure 6 illustrates the flow of coolant in
2 zones around each mold cavity and also the flow of
molten polypropylene therein; ‘

Figure 7 illustrates a closed loop cooling
system for cooling the hot manifold mold for‘a 16
cavity lens tray mold design;

Figure 8 illustrates further details of the
cooling system;

Figure 9 illustrates an assembly of the
upper and lower bowl inserts of each mold forming the
cavity of the blister package bowl, and illustrates
the flow of coolant therethrough;

Figures 10 and 11 are two separate views of
the upper and lower bowl inserts forming the cavity of
the blister package bowl, as illustrated in Figure 9;

Figure 12 is a detail view of each injection
nozzle, taken at detail circle 12 in Figure 5, and
illustrates the heating coils therein to maintain the
molten polypropylene heated to within a narrow '
temperature range;

Figure 13 is a separate view of the gate
insert;



.conductivity gate insert includes an annular cool ant fl ow passage around
the injection nozzle to provide precise nold tenperature control and

A nproved cosmetic appearance of the nol degl product. The nold includes an
upper bow insert defining an upper surface of a bow being nolded which
I ncludes a central cool ant fl ow passage extending centrally therein for
cooling the upper bow insert. The nmold further includes a | ower bow
insert defining a |l ower surface of a bow being nolded which includes an
annul ar cool ant fl ow pasBihgerahiehildupezatiesnedcabdsnd Ehew paRhdoow

pol ypr opyl ene PR et b e s EBrough: n” B ViR hrder B8 %0aRY port i on
whi ch is adaptabse ;a psephanate tpdlagel flowt pathl ehsougheaspedwiln a
inserts, and also the return of the coolant to the
main block; |

Figure 15 illustrates 4 coolant flow paths
through and around 4 cavity insert gate bushings and
also the return of the coolant to the main block; |

Figure 16 illustrates 4 coolant flow paths
from a main block through 4 core, inserts, and also a
separate coolant flow path through and around 4 bowl
inserts, and also the return of the coolant to the
main block;

Figure 17 illustrates a graph B of
temperature versus time for an interruption of a
molding cycle of operation for an injection molding
system having a conventional, continuous flow cooling
system, and a graph A of temperature versus time for
an interruption of a molding cycle of operation for
the injection molding system of the present invention
which has a pulse modulated cooling systém;

Figure 18 is a graph which illustrates the
principles of operation of a pulse modulated cooling
system as implemented by the present invention.
DETAILED DESCRIPTION OF THE DRAWINGS

Referring to the drawings in detail, Figures
1 and 2 are respéctively top plan and side sectional
views of a polypropylene blister package base 10 which
can be molded pursuant to the teachings of the present
invention. The polypropylene blister package base 10
defines a bowl section 12 which is adapted to package




sal i ne packaging solution in the bow, and also a tail portion. Each nold
cavity is nonitored for tenperature by first and second thernocouples, a
‘first thernocouple positioned to sense tige tenperature by the tail portion
of the blister package base and a second”thernocouple positioned to sense
the tenperature by the bow portion of the blister package base. The
nol d can conprise a 16 cavity, hot manifold design which includes a
stationary nold side and a noveabl e nold side which are cl anped toget her

during an inj gChivRrJgd1didkhtIACaThs AMheéddéd P84 881ine packaging
solution in the bowl, and a tail portion 14, and
includes a cover strip and label 16 adhered over the
top of the blister package base.

. As recognized generally in the prior art, .
polypropylene blister package bases can be produced in
a 16 cavity, hot manifold mold design which includes a
stationary mold side (A side) and a moveable mold side
(B side) which are clamped together during an
injection molding process. Thereafter, after setting
of the polypropylene, the movable mold side is
released and displaéed away from the stationary mold
to enable the 16 injection molded blister package
bases to be ejected from the mold cavities.

_ The blister package bases 10 are preferably
molded from polypropylene. Figure 3 is a graph of the
heat flow characteristics of polypropylene as a
function of temperature. Figure 3 illustrates a sharp
melting point at 30 for polypropylene, which
represents a desired temperature range in which to
injection mold the polyprolylene, within which the
polyprolylene does not freeze off or present problems
with drooling. This illustrates the need to control
the polypropylene melt temperature to within a narrow
temperature range to avoid polypropylene melt freeze
off or drooling during injection mold operations.

Figure 4 illustrates a front elevational
view, partly in section, of one portion of a 16
cavity, hot manifold mold design 40, and illustrates 2
of the 16 mold cavities 42 and 42’, details of 1
injection nozzle 44, and 2 thermocouples 46, 48



of the nol ded product, the novable nold side is rel eased and di spl aced away
fromthe stationary nold side to enable the injection nolded products to be
"ejected fromthe nold cavities. The nol-dgsystem includes a hot runner
system with the initial flow of the hot runner systembeing i.n the center
of the hot manifold nold design, and branching left and right and al so
forward and backward, and downwardly to a symmetrical arrangenent of 16
nold cavities, having 4 rows of 4 nold cavities. The nol ded product is
preferably irpexitbonedl tiodsense ey teoperatareamt ttwe dobypt dpysene nel t

temperature | GOILTRbE Cflah? (LW 1@ NATHAWS! I BldY G f@pde to avold
pol ypropyl ene nelt freeze o or drooling during’injection | d operati ons.
illustrated in Figure 4 are monitored for temperature
by 2 thermocouples, a first thermocouple 46 positioned
to sense the temperature by the tail portion of the
left blister_package base 42 and a second thermocouple
48 positioned to sense the temperature by the bowl
portion of the right blister package base 42'.

The details of several of the components
illustrated generally in Figure 4 such as the mold
cavities, mold inserts and nozzles, and the heating
and cooling of those components, will be explained in
greater detail hereinbelow with reference to the
remaining Figures which better illustrate those
components. However, Figure 4 illustrates a heating
coil 112, shown in further detail in Figure 12, placed
around the injection nozzle 44, and also illustrates
the placement of a cooled gate insert 118, shown in
further detail in Figure 13, around the injection
nozzle 44. The cooled gate insert 118 includes an
annular coolant flow passageway 120 therearound for
precise controlled cooling of the mold at that
location. Figure 4 also illustrates the placement of
upper and lower bowl inserts 94, 96, shown in further
detail in Figures 10 and 11, forming the cavity of the
bowl portion being molded.

Figure 5 illustrates details of the hot
runner system of the hot manifold mold design. A
polypropylene extruder at 50 extrudes molten
polypropylene through a hot runner system, with the
initial flow of the hot runner system being in the



The cooling system conprises a closed | oop cooling systemfor cooling the
hot mani fold nold, which includes a cool ant punp for supplying coolant to a
- plurality of solenoid operated nold supgly valves for a plurality of

cool ing zones. The coolant flows fromthe plurality of supply valves to a
plurality of supply in-line manifolds, each having a plurality of cooling
paths. The coolant returns through return lines to a plurality of manual
return shutoff shaft valves, each with a flow turbine and renote fl ow

sensor, and fégHRdP L e sh60Omant fbaak mol dAagsaeyclad sy arte cool ant
punp.  The m”éié%@ﬁfﬁ% left and right at 54 and 56 and also forward
and backward (not shown), and downwardly at 58, as
viewed in Figure 5, to a symmetrical arrangement of 16
mold cavities, having 4 rows of 4 mold cavities, each
of which is similar to the mold cavities shown in
Figure 4. Figure 5 also illustrates the placement of
a high voltage (220V) 450 watt heater element 59 to
heat the polypropylene hot runner system.

Figure 6 illustrates the flow 60 of molten
polypropylene, at an initial average melt temperature
of 198° (212.5°)C through the centers of two heated
injection nozzles 44, into two cooled blister package
base mold cavities 42, at an average mold temperature
of 45°C. Two cooling paths 120, 102 are illustrated,
a first annular coolant flown passageway 120 around
the gate insert 118 positioned around the injection
nozzle 44 at the tail portion of the blister package,
and a second coolant flow passageway 102 through the
top bowl insert portion of the mold. A third cooling
flow path through the bottom bowl insert'portion of
the mold is not illustrated in Figure 6. These
typical temperatures provide a cycle time of
approximately 7.0 seconds.

Figure 7 illustrates the closed loop cooling
system for cooling the hot manifold mold design.
Figure 7 illustrates the coolant circuit from a
stainless steel high temperature water pump 70 to a
first solenoid'operated mold supply valve 71 for zone
1, to a second solenocid operated mold supply valve 71’
for zone 2, circuit 1, and to a third solenoid



:6- includes a plurality of tenperature sensors, a tenperature sensor for
each cooling zone, and each tenperature sensor provides an input to a zone
- control systemfor each solenoid operatgg_valve. The coolant flows through

a shell and tube heat exchanger where it is cooled to a selected proper
tenperature by a chiller solution supplied and returned through a
tenperature controller valve; which is controlled by a tenperature sensor
nmounted in the cool ant tank. BRI EF DESCRI PTI ON OF THE DRAW NGS The

foregoi ng objesd xsau?emi wold ey ofalve pn.eseatr zbnentzl omfz@umn 2qn- denmand

et oree i TR P e ol Ly bhders 00 01, 00,50 Lodad e o
supply in-line manifold 72, and through 4 outputs to 4
cooling paths. The coolant flows from the second
valve 71’ to a zone 2, circuit 1 supply in line
manifold 72’ through 4 outputs to 4 cooling paths, and
likewise for zone 2, circuit 2, through a zone 2,
circuit 2 in-line manifold 72" through 4 outlets to 4
cooling paths. The -coolant returns through 12 return
lines to 12 manual return shutoff shaft valves 73,
each equipped with a flow turbine and remote flow
sensor, and from there to a staiﬁless steel coolant
tank 74 to be recycled by the water pump. Three
temperature sensors are provided, a first temperature
sensor 75 for zone 1, a second temperature sensor 75°
for zone 2, circuit 1, and a third temperature sensor
75" for zone 2, circuit 2. Each temperature sensor.
provides an input to a zone control system 76, 76',
76" for each solenoid operated valve 73. A flow
monitor 77 provides a gallon per minute (GPM) monitor
signal for zone 2, circuit 2.

The coolant returns from the solenoid
operated valves 73 and flows through a shell and tube
heat exchanger 78 where it is cooled to a selected
proper temperature by a chiller solution supplied and
returned through a full flow temperature controller
water saver valve 79, which is controlled by a
temperature sensor 80 mounted on a float safety switch
in the coolant tank.

G114



description of several preferred enbodinents thereof, taken in conjunction
w th the acconpanying draw ngs wherein |ike elenents are designated by the
i dentical reference numerals throughout-g3he several views, and in which:.
Figures 1 and 2 are respectively top plan and side sectional views of a
pol ypr opyl ene blister package.base which can be nol ded pursuant to the
teachi ngs of the present invention; Figure 3 is a graph of the heat flow
characteristics of polypropylene as a function of tenperature, and

i |l ustrates Thehagppessuriengipdihe domlamt yipr ahd erkosed hevseishe need to

C2oeh o' oo SPHEFSRIER By, SR bt Bl o e e
closed loop downstream of the coolant pump 70,
monitored by a pressure gauge 82, and the -cooling
system also includes a bypass filter 83 also having a
pressure gauge 84.

' Figure 8 illustrates further details of the
cooling system for the 16 cavity mold design. Figure
8 illustrates the coolant flow from a coolant console
86 to the stationary side 87 of the mold, and also to
the moveable side 88 of the mold. Two supply hoses
89, 89’ supply the coolant, the first supply hose 89
to a supply manifold 90 having six sﬁpply conduits for
supply zone 1, circuits 1 and 2, in the stationary
side 87 of the mold and the second supply hose 89’ to
a supply manifold 90’ having four supply conduits for
supply zone 2 in the moveable side of the mold. The
zone 1 coolant flows through separate coolant circuits
1 and 2 in zone 1, and returns from zone 1, circuit 1
and circuit 2, to return manifolds 91, 91a. The zone
2 coolant flows through zone 2 through 4 returns hoses
to the return manifold 91’ and then through return
hoses to the cooling console. The cooling console 86
includes equipment for monitoring and controlling the
flow of coolant in the three zones, and contains
therein the components 70, 71, 73, 74, 76, 77, 78, 79,
80, 81, 82 and 83 illustrated in Figure 7. Figure 9
also illustrates the cooling hoses with couplings
comprising male plugs and female sockets.

Figure 9 illustrates an assembly of the
upper and lower bowl inserts 94, 96 of the mold



af f or drooling during injection nolding operations; -7- Figure 4
illustrates a front elevational view, partly in section, of one portion of
-an assenbly of a 16 cavity, hot manifol.dgsmold design, and illustrates 2 of
t-he 16 nold cavities, details of 1 injection nozzle, and 2 thernocoupl es
positioned to sense the tenperature at two |locations in the hot manifold
nold; Figure 5 illustrates details of the hot runner system of the hot
mani fold nold design; Figure 6 illustrates the flow of coolant in

forming the cavity of' the bowl, and illustrates the

flow paths of coolant therethrough. Figures 10 and 11
are respectively two separate views of the upper and
lower bowl inserts 94, 96 forming the cavity of the
bowl, as illustrated in Figures 4 and 9.

The coolant for the upper bowl insert 94
flows through a coolant passage 98 on the right side
of the upper cavity mold 94, through a flow aperture
100 in the upper cavity mold, down and into a central
coolant passage 102 of the.upper cavity mold 94, and
then up and out through the left portion of the flow
aperture 100 and left portion of coolant passage 98.
The central coolant passageway 102 inéludes a central
.partition 103 between the inlet flow aperture 100 and
the ocutlet flow aperture 100 which extends almost to
the bottom of the central coolant passage 102, and
which forces the coolant to flow therearound down to
the bottom of the central passage 102.

Likewise, the coolant for the lower bowl
insert 96 flows through a coolant passage 106 on the
left side of the lower bowl cavity 96, and in and
around an annular cooling passageway 108 defined
around the lower bowl insert, and then out through the
right portion of the coolant passage 106.

Traditionally, brass in the form of Cu2n30
(an alloy of 70%Cu and 30% Zinc) has been used to
prepare optical quality inserts, such as inserts 94
and 96, by electroless Ni-plating and diamond turning.

The present invention, after extensive
research and development, has developed optical
quality inserts formed of the alloy Ampco 940 which



2 zones around each nold cavity and also the flow of nolten pol ypropyl ene
therein; Figure 7 illustrates a closed |oop cooling systemfor cooling the
hot manifold nold for a 16 cavity lens thgy nold design; Figure 8

i lustrates further details of the cooling system Figure 9 illustrates an
assenbly of the upper and | ower bowl inserts of each nold formng the
cavity of the blister package bowl, and illustrates the flow of cool ant

t heret hrough; Figures 10 and 11 are two separate views of the upper and

| oner bow i nseste ND+plagedhandavhen diaﬁ\bﬁdbltiu.?rh'wd jrac ipagdueeva  as

'ITustrated i g, 9U Sedre TheYiRg 4n' 8pf1881%Guat ity FinddH! | Hugdd O"
- . 940 is an alloy developed by Ampco Metal, Inc., which
is approximately 96.4% Cu. 02.5% Ni;, 00.7% Si, and
00.4% Cr. '
The following chart presents a comparison of
the thermal conductivities of Ampco 940 (AMPCO 940)
with materials which have been used most frequently to
produce mold inserts.

Thermal Conductivity

BTU/ft/hr/ft2/oF)
AMPCO 940 125
H-13 17
AISI 6150 27
STAVAX 14
VASCOMAX 14.6
BRASS (CuZn30) 70

. NO94 30

The Ampco 940 optical quality inserts reduce
injection molding cycle times, provide better
mechanical strength, improve the longevity of the
inserts, and provide an optical finish.

The Ampco 940 alloy provides ease of
machinability, good adhesion between the substrate
material and an electroless Ni layer, can be turned by
a diamond cutter to provide an optical finish, have
sufficient mechanical strength to withstand the
extreme high pressures (8000-14,000 psi) applied
during the injection molding process without
deformation, and provide high thermal conductivity.



nozzl e, taken at detail circle 12 in Figure 5, and illustrates the heating
“coils therein to maintain the molten polypropyl ene heated to within a
‘narrow tenperature range; Figure 13 is gjgeparate view of the gate insert;
8- Figure 14 illustrates 4 coolant flow paths froma main bl ock through 4
cavity insert mains and also a separate coolant flow path through 4 bow

I nserts, and also the return of the.coolant to the nmain bl ock;

Optical quality inserts of Ampco 940 were
produced by preparing a blank by diamond turning an
Ampco 940 rod to the specified insert geometry, then
electroless Ni-plating the Ampco 940 blanks to a
thickness of 120 to 200 um, and then diamond turning
the plated blanks to produce an optical quality finish
mold insert to the final dimensions (with a remaining
Ni thickness of around 80um).

Figure 12 is a detailed view of each .
injection nozzle 44, taken at detail circle 12 in
Figure 5, and illustrates the heating coils 112 .
therein to maintain the molten pélyp:opylene heated to
within a narrow temperature range. Each injection
nozzle 44 includes a central polypropylene flow
passage 114 which terminates in a needle-valve
injection passage 116 at its lower end. Each
injection nozzle 44 is positioned in and supported by
a housing 117.

Figure 13 is a separate view of the gate
insert 118 for each injection nozzle 44, and
illustrates the detailed construction of each brazed
gate insert 118, with an inlet coolant flow passage
119, an annular coolant flow passageway 120
therearound and an outlet coolant' flow passage 121.
The coolant enters through an inlet flow passage 119
and flows downwardly to and around the annular coolant
flow passageway 120 and then flows upwardly through an
outlet flow passage 121. _

Figure 14 illustrates a first cooling
circuit comprising 4 coolant flow paths from an
entrance to the main block at 140, through four



Figure 15 illustrates 4 coolant flow paths through and around 4 cavity

I nsert gate bushings and also the return of the coolant to the main bl ock;
-Figure 16 illustrates 4 coolant flow payhs froma main bl ock through 4
core, inserts, and also a separate coolant flow path through and around 4
bow ‘inserts, and also the return of the coolant to the main block; Figure
17 illustrates a graph B of tenperature versus tinme for an interruption of
a nolding cycle of operation for an injection nolding system having a
convent i onal ,p&yallelofitowl pathsollkagfeystenil iagd thegPapide adairenper at ure

e e IR RL B WA, BB P B R R U Y 7 e
Figure 14 also illustrates a second cooling circuit
comprising a coolant flow path from an inlet at 146
through 4 upper bowl inserts at 102 (as illustrated in
Figure 9), and then the return of the coolant to an
outlet at 149.

Figure 15 illustrates 4 coolant flow paths
from a coolant inlet passage 152 through 4 inlet flow
passages 119 to 4 annular cooling paths 120 around 4
cavity gate inserts 118, and also return coolant flow
passages at 121 to a coolant outlet passage 154.

Figure 16 illustrates a first cooling
circuit comprising 4 coolant flow paths from an
entrance to the main block at 160 through 4 parallel
flow paths 162 for cooling the B side main mold block,
and a coolant return from the main block at 164. _
Figure 16 also illustrates a second cooling circuit
comprising a coolant inlet paésage at 166, to 4
annular coolant channels at 108 around each of the 4
lower bowl insert 96, and to a return coolant passage
at 169.

The present invention provides an on-demand
fast cycle injecting molding system which uses a pulse
modulated cooling system for the mold.' Pulse
modulated cooling technoiogy has been applied to
control the temperature of injection molding machines
and molds, and uses different methods to pulse the
flow of the water coolant and control the mold.

The pulse modulated mold temperature control
system of the present invention uses a process



whi ch has a pul se nodul ated cooling system Figure 18 is a graph which
illustrates the principles of operation of a pulse nodul ated cooling system

‘as inplemented by the present invention,g)ETAI LED DESCRI PTI ON OF THE
DRAW NGS Referring to the drawings in detail, Figures 1 and 2 are

respectively top plan and side sectional views of a polypropyl ene blister
package base 10 which can be nol ded pursuant to the teachings of the

present invention. The pol ypropyl ene blister package base 10 defines a bow
section 12 whishti6lhdaptagablepatk pgeformithg feed forward or

feedback control. The accuracy of mold temperature
control achieved by pulse modulated cooling has proven
to be excellent. Figure 17 illustrates a graph B of
température versus time for an interruption of a
molding cycle of operation for an injection molding
system having a conventional, continucus flow cooling
system, and a graph A of temperatufe'versus time for
an interruption of a molding cycle of operation for
the injection molding system of the pfesent invention
which has a pulse modulated cooling system. When the
injection molding cycle is interfuptgd with
conventional mold cooling technology, a drop of 10°C
in temperature was experienced, while with the pulse
modulated mold cooling only a 1°C drop in mold
temperature was experienced. The capability of
precise control of mold temperature when the molding
cycle is interrupted or is stopped has proven to be a
key element of successful on-demand injectioﬁ molding.

In a pulse modulated cooling system, during
each molding cycle, the melt heat input is matched by
a timed, phase shifted (delayed) cooling pulse which
takes effect just after mold £illing to provide a
preferred state of thermal equilibrium.

During a molding cycle:

1. A hot melt (shot) is injected. into the
mold cavity and contacts a thermally relaxed mold
surface. There is no forced gradient caused by a
continuously flowing cooling medium. The molding
surface is allowed to “spike” upwardly in temperature
resulting in high gloss and good surface finish.



a hydrogel contact lens inmrersed in a saline packaging solution in the
bow, and a tail portion 14, and includes a cover strip and | abel 16
-adhered over the top of the blister pac ape base. As recogni zed generally
i-n the prior art, polypropylene blister ‘package bases can be produced in a
16 cavity, hot manifold nold design which includes a stationary nold side
(A side) and a noveable nold side (B side) which are cl anped together
during an injection nolding process. Thereafter, after setting of the

pol ypropyl ene, the novaple potdmpegdatuse Yetdzid AWELsP! BWEy f rom
the stationary nold_ to en%ble the 16 Eg%e tion nol ded blister package bases
to be ej ect edtBe® AP AeSHEFECEaY MERSUY R ENR (XS I GGRRETALRES 10 are
preferably jinduced by the melt.

3. A microprocessor based controller
analyzes the thermal profile of the mold/melt
temperature/volume relationship, and controls the
injection of a measured pulse of cooling medium into
the mold cooling channels. This cooling pulse matches
the amount of heat that has to be removed to maintain
thermal balance and produce a satisfactory molded
part.

' 4. The cavities are filled and the gate is
frozen.

. S. The pulse of cold water (from a high at
cooling chiller) controls the cooling of the part.

The surface is rapidly cooled, *“skinning” the part
surface. This reduces surface sinks and allows the
part to shrink internally eliminates (eliminates voids
in thick sections).

The pulse modulated coocling process results
in high quality molded parts with a reduced cycle time
(typically, 10 to 25%). The rapid, unrestricted rise
in the mold surface temperature produces a high
quality part surface appearance. The rapidly
declining temperature caused by the high at of the
cooling pulse causes rapid skinning of the part
surface and quickly removes the excess heaé.

Following the cooling pulse, a heat gradient
dissipation period follows which provides time for
heat gradients to dissipate, providing a uniform gate
and molding surface temperature for the next cycle.



mol ded from pol ypropyl ene. Figure 3 is a graph of the heat flow
characteristics of polypropylene as a function of tenperature. Figure 3
illustrates a sharp melting point at 30.4gt pol ypropyl ene, which represents
a desired tenperature range in which to injection nold the polyprolylene,

wi thin which the pol yprolyl ene does not freeze off or present problens with
drooling. This illustrates the need to control the pol ypropyl ene nelt
tenperature to within a narrow tenperature range to avoid pol ypropyl ene

melt freeze off or droolwttguchjrpmlgsenpodﬁlaﬂedbbdo(lﬁﬁgaby@ﬁém,F'tﬁ@r‘té 4n f
[ gstates S g B SobelAite PRI FE LGRS B, Sh130%eEC" L0
caviti es 42 ammrface jgeeay |thef“IN” and “OUT” water lines. Because
heat gradients are allowed to dissipate, molded parts
are produced with higher part uniformity and less
stress on the molded parts. The expanded process
window offers either improved part quality or reduced
molding cycle time or a combination of both. Since
the cyclic heat input (melt) is matched by the cyclic
cooling pulse, the mold is allowed to dissipate the
heat gradients and seek equilibrium. The melt is '
cooled with greater uniformity which results in parts
~with reduced stress and better surfaée appearance.

Mold temperature drift is eliminated because
the operation of the coolant control valve is
automatically timed to produce a modulated cooling
pulse matching the amount of excess heat. The cooling
pulse may be as short as .1 second or up to 100% of
the molding cycle.

Figure 18 is an exemplary graph which
illustrates the principles of operation of a pulse
modulated cooling systeﬁ. The peaks 180 indicate
points in the molding cycle when the mold is filled.
The rising temperature at slope 182 represents a -
rapid, unrestricted mold surface temperature rise
which produces a high quality part surface appearance.
The falling temperature at slope 184 represents a
rapidly. declinihg temperature from the high at of the
cooling pulse which causes rapid skinning-of the part
surface and quickly removes the excess heat.



I-nj ection nozzle 44, and 2 thernocouples 46, 48 -10- positioned to sense
the tenperature at two locations in the hot manifold nold. The 2 nold
cavities illustrated in Figure 4 are nonpjored for tenperature by 2

t-her nocoupl es, a first thernocouple 46 positioned to sense the tenperature
by the tail portion of the left blister package base 42 and a second

t her nocoupl e 48 positioned to sense the tenperature by the bow portion of
the right blister package base 42'. The details of several of the

conponents illustrated gemeFijhye i I8 fiQuUreegresehtasthemedbkbdheat,
Q2 represents the cooling pulse, tl represents the
valve reaction time, t2 represents the valve open
time, t3 represents the gradient dissipation time, and
t4 represents the overall cycle.

With on-demand molding, the ability to run'a
6 second, 10 minute, or 30 minute cycle time is
possible without any dimensional or mechanical '
property changes to the resultant molded package.

This is possible due to the concept of pulse cooling
(control of the mold temperature) and integration of
the gate cooling.

While several embodiments and variations of
the present invention for an on-demand fast cycle
packaging mold are described in detail herein, it
should be apparent that the disclosure and teachings
of the present invention will suggest many alternative
designs to those skilled in the art.



cavities,
conmponent s

nmol d i nserts and nozzl es,

and the heating and cooling of those

rence

, Will be explained in greater detail hg%g%ﬂgngﬂLMLLh_LeLe
to the remaining Figures which better iddaustrate € conmponents. However,

Figure 4 illustrates a heating coil 112, shown in f ﬂ“‘\m‘m\l\w F| gure
12, placed around the injection nozzle 44, and alsci

pl acenment of a cooled gate insert 118, shown in fur

erc det ai" fnfﬁgwe

13, around the injection nozzle 44. The cool ed gate insert 118 includes an
annul ar cool 28EAEIMBW passageway 120 therearound for precise controlled

cooling of the nold at Hhat IrCa- %ma'ficﬂlfr@%t‘lgdyﬁ%h nllcli@téfé ero’aet ai |

pl acenent of upper and | ower bhow inserts

own I n

in Figures 10PRAGUELINGs dnjiecs iome modded) ryodurts, comprising at

least one mold, a hot runner system for supplying
molten plastic to at least one injection nozzle, and
the mold system is both heated and cooled to provide a
short response time and optimal temperature control,
including a pulse modulated cooling system for cooling
the mold system, wherein in operation of the pulse
modulated cooling system, during each molding cycle,
after the mold is filled with molten plastic the heat
input of the molten plastic is matched by a timed
pulse of coolant, after which the mold is allowed to
dissipate heat gradients and seek equilibrium such
that the molten plastic is cooled with greater
uniformity which results in a molded part with reduced
stress, dimensional consistency and better surface
appearance, an electric heating system for heating the
mold system, a plurality of temperature sensors
installed inside the mold system, which are used in
control loops to control the flow of coolant through
the pulse modulated cooling system, which results in
reduced cycle time and improved moldability.

2. An on-demand fast cycle mold system as
claimed in claim 1, wherein the electric heating
system includes a high voltage electrical heater
operated by 208-220V to heat the hot runner system and
provide a short response time and optimal temperature
control. .

3. An on-demand fast cycle mold system as
claimed in claim 1, wherein the injection nozzle is

This Sheet Has Been Replaced




bow portion being nolded. Figure 5 illustrates details of the hot runner
system of the hot manifold nold design. A pol ypropyl ene extruder at 50
extrudes nolten pol ypropyl ene through a_pqt runner un m initia
f1 ow of the hot runner system being in tﬁg cent,m}'mm'llm " ﬁ' fold
nmol d design at 52 and branching left and right at 54 dnd‘'56"an¥l & so

forward and backward (not shown), and downwardly at 58, as viewed in Figure
5, to a symetrical arrangenent of 16 nold cavities, having 4 rows of 4

Mol d caviti es heditdy Py in (&1 &t #18a) dhehPih§CcBRL dwhith! 185 ndliaWy | N

surrounding the injection nozzle.

4. An on-demand fast cycle mold system as
claimed in claim 1, including a high thermal
conductivity gate insert surrouﬁding the injection
nozzle and having a coolant flow passage therein to
provide precise mold temperature control and improved
cosmetic appearance of the molded product.

5. An on-demand fast cycle mold system as
claimed in claim 4, wherein the gate insert includes
an aﬁnular coolant flow passage position around the
injection nozzle. | .

6. An on-demand fast cycle mold system as
claimed in claim 1, wherein the mold includes at least
one optical quality insert formed of an alloy which is
approximately 96.4% Cu, 02.5% Ni, 00.7% Si, and 00.4%
Cr, which is nickel plated and then diamond turned to
-produce a mold insert having an optical quality
finish.

7. An on-demand fast cycle mold system as
claimed in claim 1, wherein the mold includes an upper
bowl insert defining an upper surface of a bowl being
molded and a lower bowl inserted defining a lower
surface of a bowl being molded.

8. An on-demand fast cycle mold system as
claimed in claim 7, wherein the upper bowl insert and
the lower bowl insert are formed of an alloy which is
approximately 96.4% Cu, 02.5% Ni, 00.7% Si, and 00.4%
Cr, which is nickel plated and then diamond turned to
produce a mold insert having an optical quality
finish.
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Figure 4. Figure 5 also illustrates the placenment of a high voltage (220V)
450 watt heater elenent 59 to heat the pol ypropyl eéne hot runner system

Figure 6 illustrates the flow 60 of noligf_polypro le al
average nelt tenperature of 198[err] (212.5[err])C q ﬂlﬁm““ﬂﬂu rs of
two heated injection nozzles 44, into two cool ed blister pacRagg base nold
cavities 42, at an average nold tenperature of 45 err]C. Two cool ing paths
120, 102 are illustrated, a first annular cool ant flown passageway 120
around the gate insert JQiSrxxntonwdﬁh&mdntmbtmecheembldnsysﬁémlas44 at
the tail portiqgn.of ihe bI p e a.seco ol,ant _fl ow
passageway 105 1 e ?Jb'ﬁ %bv%?ﬁ%%‘?a{%%r??gﬁr n$OY 1%1‘*# Athird
cooling fl ow extlendirg grenteably tturebeinh fosecoobdngi bheofipper bowl
insert.

10. An on-demand fast cycle mold system as
claimed in claim 7, wherein the lower bowl insert
includes an annular coolant flow passage which
surrounds the lower bowl insert for cooling the lower
bowl insert. |

11. An on-demand fast cycle mold system as
claimed in claim 7, wherein the mold system produces
injection molded polypropylene blister package'bases,'
each of which defines a bowl portion-which is adapted
to package a product, and a tail portion.

12. An on-demand fast cycle mold system as
claimed in claim 1, wherein the mold system produces
injection molded polypropylene blister package bases,
each of which defines a bowl portion which is adapted
to package a product, and a tail portion.

13. An on-demand fast cycle mold system as
claimed in claim 12, wherein the mold system is
monitored for temperature by at least first and second
thermocouples, a first thermocouple positioned to \
sense the temperature by the tail portion of the
blister package base, and a second thermocouple
positioned to sense the temperature by the bowl
portion of the blister package base.

14. An on-demand fast cycle mold system as
claimed in claim 1, wherein the mold comprises a 16
cavity, hot manifold mold which includes a stationary
mold side and a moveable mold side which are clamped
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the nold is not illustrated in Figure 6. These typical eratures provide
-acycle tine of approximately 7.0 seconds. gUT——7——TTU§FP§F5§—?he cl osed
1oop cooling systemfor cooling the honganlfoI & gure 7
i*llustrates the coolant circuit froma stainl esg“mmwm‘lm erature
water punp 70 to a first sol enoid operated nold supplytvatve 71 for zone 1,
to a second sol enoid operated nold supply valve 71' for zone 2, circuit 1,

and to a third solenoid -12- operated nold supply valve 71" for zone 2,
circuit 2. together during an injection molding process, and

after setting of the molded product, the movable mold
side is released and displaced away from the
stationary mold side to enable the injection molded
products'to be ejected from the mold cavities.

15. An on-demand fast cycle mold system as
claimed in claim 14, wherein the initial flow of the
hot runner system is in the center of the mold system,
and branches left and right and also forward and
backward, and downwardly to a symmetrical arrangement
of 16 mold cavities, having 4 rows of 4 mold cavities.

16. An on-demand fast cycle mold system as
claimed in claim 1, wherein the molded product is
injection molded from polypropylene, and the
polypropylene melt temperature is controlled to within
a narrow temperature range to avoid polypropylene melt
freeze off or droollng during 1nject10n mold
operations.

17. An on-demand fast cycle mold system as
claimed in claim 1, wherein the pulse modulated
cooling system includes a coolant pump for supplying
coolant to a plurality of solenoid operated mold
supply valves for a plurality of cooling zones, and

'the coolant flows from the plurality of supply valves
to a plurality of supply in-line manifolds, each
having a plurality of coolant flow passages.

18. An on-demand fast cycle mold system as
claimed in claim 17, wherein the coolant returns
through return lines to a plurality of manual return
shutoff shaft wvalves, each with a flow turbine and
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The coolant flows fromthe first valve 71 to a zone 1 supply in-line
mani fold 72, and through 4 outputs to 4 cooling paths. The cool ant fl ows
fromthe second valve 71' to a zone 2, ojgcuit 1 sxﬂm! I fol d
72' through 4 outputs to 4 cooling paths, and |ike l“““llmmmml ircuit
-2, through a zone 2, circuit 2 in-line nanlfold 72' cough ¥ cutl'ets to 4
cooling paths. The cool ant returns through 12 return lines to 12 manual
return shutoff shaft val ves 73, each equipped with a flow turbine and
[) enot e - f : O\cljv Eeemte ENDdw rs@nstdte,r eartd) fron a&hémswtaeed:o@mhﬁntahngkdm to
e recycle the vater ure sensors are provide a
first tenpera¥8rges§ﬁ lﬁ§q§% zone ?ﬂBﬁ;éé tenperature sensor 75" for
zone 2, circuit 1, and a.9t hi A tamnsdemand ef ashsoycle mold system as
claimed in claim 17, including a plurality of

temperature sensors, a temperature sensor for each
cooling zone, énd each temperature sensor provides an
input to a zone control system for each solenoid
6perated valve.

20. An on-demand fast cycle mold system as
claimed in claim 17, wherein the coolant flows through
a shell and tube heat exchanger where it is cooled to
a selected temperature by a chiller solution supplied‘
and returned through a teﬁperature céntroller valve,
which is controlled by a temperature sensor.

21. An on-demand fast cycle mold system as
claimed in claim 1, wherein the pulse modulated
cooling system includes a microprocessor based _
controller which énalyzes the thermal profile of the
mold/melt temperature/volume relationship, and
controls the injection of a measured pulse of cooling
medium into mold cooling channels.
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75" for zone 2, circuit 2. Each tenperature sensor. provides an input to a
zone control systen176 76', 76" for each solenoid operated valve 73. A

flow nonitor 77 provides a gallon per nigypite (GPM nonitor signal for zone
2, circuit 2. The cool ant returnsg he sol enoi d operated val ves 73 and

fl ows through a shell and tube heﬂ%ﬁggﬁmgp%gg ere it is cooled to a
LARED, o

sel ected proper tenperature by ajchill upplied and returned
through a full flow tenperature cont+eld spver valve 79, which is

controlled by a tenperature DI SOLASURBat safety switch in
the coolant tank. Gl4 * an on-demand fast cycle mold for producing
injection molded products such as polypropylene
blister package bases. The on-demand fast cycle mold
has a heated and cooled hot runner system which

provides a short response time and optimal temperature
control. On-demand injection molding is made possible
by a pulse modulated closed loop mold cooling system,
the cooling design of brazed gate inserts, and an
effective layout of the cooling channels. The
programming of the software for a computer control
system has also been designed to achieve on-demand
injection molding. The design of the closed loop mold
cooling system incorporates an advanced cooling
circuit layout, and provides for easy maintenance and
better quality control of the coolant which
significantly reduces corrosion and scale buildup.
Mold cooling is controlled by sensors installed inside
the mold which are used in feedback control loops.

The brazed gate inserts provide precise mold
temperature control and improved cosmetic appearance
of the molded packages. The use of a needle-valve
injedtion nozzle results in reduced cycle time and
improved moldability.
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-13 - The pressure of the cool ant _
adj ust abl e pressure valve 81 in the cl osed | oop downstream of the cool ant
and the cooling system al so

punp 70, nonitored by a pressure gauge 82,

i hcl udes a bypass filter 83 al so having a pressure gauge 84.

illustrates further
Figure 8 illustrates
d® 83 of the

desi gn.

the stationary si

details

nol d. Two supply hoses 89,
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also illustrates the cooling hoses with cé.pllngs conprising nmale plugs and

femal e sockets.
bow

Figure 9 illustrates any
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of- t he upper cavity nold 94, through a flow aperture 100 in the upper
cavity nold, down and into a central cool ant passage 102 of the upper
cavity nold 94, and then up gnd_Q hrough the left portion of the flow
aperture 100 and left_portiod o2 Yge 98. The central cool ant
passaggway 102 inE udes a ce tion 103 between the inlet flow
aperturte 100 and fhe outlet fg-ew ure 10Q which extends alnost to the
bottom| 1 he- eenf+al—cool antjneaEGED :, Mnd which forces the coolant to
fl ow t hédrearound ¢o to the bottom=e ‘the central passage 102. Likew se,

t he cod”ant for the IﬂSEh 6 f f t hrough a cool ant passage
106 on ,he left s de o tmé e s cavi y 96, and in and around an
' annulad|coollng passfageway 1 flef 1 ne
t,
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around the [ower bow insert, and then out through the right portion of the
‘cool ant passage 106. Traditionally, brass in the formof CuZn[err]O (an
-alloy of 70%Cu and 30% Zi nc) has been used to prepare gptical quality
Jdnserts, such as inserts 94 and 96, by electroless N -p@ ating and di anond
turning. The present invention, after extensive reseafgh and devel oprment,
has devel opeg optical quali ty |nserts formed of the al'Boy Anpco 940 which
were Ni -pl ‘n1 7t o prodoce A no i nsert having an
optical quati 940 |_' an all oy develiope@ by Anpco Metal,

I nc., whi cb
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I.s approximately 96.4% Cu. 02.5% Ni;, 00.7% Si, and 00.4% Cr. The foll ow ng
chart presents aConparison of the thermal conductivities of Anpco

940( AMPCO 940 wE h materials which have been used nost frequently to

| S hermal Conductivity BTU ft/ hr /% 2/ oF) AMPCO 940

125 H 13 17 AI'SI 6150 27 STAVAX
14 VASC \6 BRASS( Cuzn30 7 9
: A N D s
| | . =
(Y J “l.
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........... =

- wease b S T Geen O S OB Sma—

<
M e e = m—

Fig. 7
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provi de bettersfrechanifcalN\strength, inprpve the longevity of the inserts,
and provide ap optic i $h, The Anpcod40 all oy provi des ease of
ﬂachlnablllty, good dhesion between t he ggbstrate mat eri al -and an

el ectrol ess | ayer/, turn by a; difanond cutter to provide an
optical finisn, hgvj sdf i ch- strength to withstand the

extrenme high/press res_ O 14‘900 psiN._applied during the injection
mol di ng process wYhou O%Sféfon
Y4

The Ampco 940 op,LgaI uQLg;y inserts reduce injection nDIding cycle tines,
fini

ovi de high thermal conductivity.
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-16- Optical quality inserts of Anmpco 940 were produced by preparing a

bl ank by di anond turning an Anpco 940 rod to the specified insert geonetry,
then electroless N -plating the Anpco 940 bl anks to a thickness of 120 to
200 [err]m and then dianond turning the plated bl anks to produce an

optical quality finish nold insert to the fina
remai ni ng Ni thickness of around 80[err]m.
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passage 114 which termnates in a needle-valve injection passage 1lé;a{21ts
| ower end. Each injection nozzle 44 is positioned in and supported by a
housing 117. Figure 13 is a separate view of the gate insert 118 for each
injection nozzle 44, and illustrates the detailed construction of each
brazed gate insert 118 with an inlet g gol ant flow passage 119, an annul ar
cool ant flow passageway 120 therearou nd an outl et cool ant .fl ow passage
121. The cool ant enters through an |nIet fIOM/passage 119 and fl ows
downwardly to and around t q 3T & 2

flows upwardly through an outlet fIOM/passage 121 Flgure 14 illustrates a
first cool i Bf ¥cROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to
an on-demand fast cycle mold, and more particularly
pertains to an on-demand fast cycle package mold
having a hot runner system which is both heated and
cooled to provide a short response time and optimal
temperature control. On-demand injection molding is
made possible by a pulse cooling system, the cooling
design of gate inserts, and an effective iayout of the
cooling channels. The programming of the software and
hardware has also been designed to achieve on-demand
injection molding. The design of a closed loop mold
cooling system incorporates an advanced cooling
circuit layout and high thermal conductivity inserts,
and also'provides easy maintenance and better quality
control of the coolant which significantly reduces
corrosion and scale buildup. Mold cooling is
controlled by sensors installed inside the mold which
are used in feedback control loops. The design of the
gate insert pfpvides precise mold temperature control
and improved cosmetic appearance of the molded
package. The use of a needle-valve nozzle results in -
reduced cycle times and improved moldability.
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circuit conprising 4 coolant flow paths froman entrance to the main bl ock
at 140, through four -17- parallel flow paths 142 for cooling the A side
main nmold block, and a return fromthe nain block at 144. Figure 14 al so
illustrates a second cooling circuit e@mrising a coolant flow path from an
inlet at 146 through 4 upper bow inserts at 102 (as illustrated in Figure

9), and then the return of ﬁW@Aﬁ qltmLLﬂt 149. Figure 15

illustrates 4 coolant ro‘ o+ bco —tntet passage 152 through 4

inlet flow
ABS OF THE DISCLOSURE
| An on-demand fast cycle mold for producing
injection molded products such as polypropylene
blister package bases. The on-demand fast cycle mold
has a heated and cooled hot runner system which
provides a short response time and optimal temperature
control. On-demand injection molding is made possible
by a pulse modulated closed loop mold cooling system,
the cooling design of brazed gate inserts, and an
effective layout of the cooling channels. The
programming of the software for a computer control:
system has also been designed to achieve on-demand
injection molding. The design of the closed loop mold
cooling system_incorporacés an advanced cooling
circuit layout, and provides for easy maintenance and
. better quality control of the coolant which
significantly reduces corrosion and scale buildup.
Mold cooling is controlled by sensors installed inside
the mold which are used in feedback control loops.
The brazed gate inserts provide precise mold
temperature control and ihproved cosmetic appearance
of the molded packages. ‘The use of a needle-valve
injection nozzle results in reduced cycle time and
improved moldability.

Figure 3
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passages 119 to 4 annul ar cooling paths 120 around 4 cavity gate inserts
118, and al so return cool ant fl ow passages at 121 to a coolant outl et
passage 154. Figure 16 illustrates a first cooling circuit conprising 4°
cool ant flow paths froman entrance to the main bl ock at 160 through 4
parallel flow paths 162 for cooling the gbside main nmol d bl ock, and a
coolant return fromthe main block at 164—Figure 16 also illustrates a
second cooling circuit conprising a coolant inlet passage at 166, to 4
annul ar cool ant chanhnel s at 108 around each of the 4 |ower bow insert 96,
and to a return cool ant passage at 169. The present invention provides an
on-demand fast cycle injecting nolding systemwhich uses a pul se

FIG. 1
10~\\\‘
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nmodul at ed cooling systemfor the nold. Pulse nodul ated cooling technol ogy
has been applied to control the tenperature of injection nolding machi nes
and nol ds, and uses different nethods to pulse the flow of the water

cool ant and control the nold. The pul se nodul ated nold tenperature control
system of the present invention uses a process controll er capabl e of
performng feed forward or feedback cont+ot The accuracy of nold
tenperature control achieved by pul se nodul ated cooling has proven to be
excellent. Figure 17 illustrates a graph B of tenperature versus tine for

an interruption of a :
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nmol di ng cycl e of operation for an injection nolding systemhaving a
conventional, continuous flow cooling system and a graph A of tenperature
~versus time for an interruption of a nolding cycle of '

i nj ection nolding systemof the present invention whi dh REBEAGEMIMNTsSHEET
nodul at ed cooling system Wen the injee3d on nolding qygle TS T nterrupt gd
wi th conventional nold cooling technol ogy,- a drop of 0[er3b(r';‘%tg 7
tenperature was experienced, while with the pul se nod I'ﬁted 1g?)ol [
only a 1[err]C drop in nold tenperature was _ '
preci se control of nold tenperature when thg@li ng dycle is interrupt¢d
or is stopped 1
i nj ection nol

[ R

FIG. 4

<

N rToa S

~ ¢
"’\“,I




each nolding cycle, the nelt heat input is matched by a tinmed, phase
shifted (del ayed) cooling pul se which takes effect just after nold filling
to provide a preferred state of thermal equilibrium During a nolding
cycle: 1. A hot nelt (shot) is injected into the nold cavity and contacts a
thermally rel axed nold surface. There is;&p forced gradient caused by a
continuously flow ng cooling nedium The-molding surface is allowed to

"spi ke" upwardly in tenperature resulting in high gloss and good surface
finish. -19- 7
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2. A tenperature sensor, located just below the nold surface, neasures the
rise in tenperature induced by the nelt. 3. A mcroprocessor based
controller analyzes the thermal profile of the nold/nelt tenperature/volune
rel ati onship, and controls the injection of a neasured pul se of cooling
nmediuminto the nmold cooling channels. This cooling pul se matches the
anount of heat that has to be renoved te—aintain thermal bal ance and
produce a satisfactory nolded part. 4. The cavities are filled and the gate
is frozen. 5. The pul se of cold water (froma high [err]t cooling chiller)
controls the cooling of the part.

e
&

120
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The surface is rapidly cool ed, "skinning" the part surface. This reduces
surface sinks and allows the part to shrink internally elimnates
(elimnates voids in thick sections). The pul se nodul ated cool i ng process
results in high quality nolded parts with a reduced cycle tine (typically,
10 to 25% . The rapid, unrestricted riseg n the nold surface tenperature
produces a high quality part surface appear ance. The rapidly declining
tenperature caused by the high [err]t of the-cooling pul se causes rapid

ski nning of the part surface an ickly renmoves the excess heat. Follow ng
the cooling pulse, a heat gradi ?lési pgfion period follows which
provides tinme for heat gradient® t &sipate, providing a uniformgate

76 ” )
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and nol ding surface tenperature for the next cycle. -20- Wth a pul se
nodul at ed cooling system there is a mninmal tenperature difference on the
nol di ng surface near the "IN and "OQUT" water |ines. Because heat gradients
are allowed-to dissipate, nolded parts are produced w th higher part
uniformty and | ess stress on the nolded parts. The expanded process w ndow
offers either inproved part quality or reddced nolding cycle tinme or a '
conbi nati on of both. Since the cyclic heat input- (nelt) is matched by the
cyclic cooling pulse, tae\iml dis allowed to dissipate the

FIG. 8
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heat gradients and seek equilibrium The nelt is cooled with greater
uniformty which results in parts with reduced stress and better surface
appearance. Ml d tenperature drift is elimnated because the operation of
the coolant control valve is automatically tinmed to produce a nodul at ed
cooling pulse matching the anount of excegs heat. The cooling pulse may be
as short as .1 second or up to 100% of t | ding cycle. Figure 18 is an
exenpl ary graph which illustrates the principles of operation of a pulse
nodul at ed cool i ng ‘system The peaks 180 indicate points in the nolding
cycle when the nold is filled. The rising tenperature at sl ope 182
represents a rapid, unrestricted nold surface tenperature rise

FIG. 9
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whi ch produces a high quality part surface appearance. The falling
tenperature at slope 184 represents a rapidly declining tenperature from
the high [err]t of the cooling pulse which causes rapid skinning of the
part surface and quickly renoves the excess heat. -21- In Figure 18, Q1
represents the nelt heat, Q2 represents tRe cooling pulse, tl represents
the valve reaction tinme, t2 represents thé&valve open tine, t3 represents
t he gradient di-ssipation time, and t4 represents the overall cycle. Wth

on-denmand nol di ng, -the ability tFIJG 10
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6 second, 10 minute, or 30 minute cycle tinme is possible without any

di mensi onal or nechani cal property changes to the resultant nol ded package.
This is possible due to the concept of pulse cooling (control of the nold
tenperature) and integration of the gate cooling. Wile several enbodi nents
and variations of the present invention f an on-demand fast cycle
packagi ng nold are described in detail hétegin, it should be apparent that

t he di sclosure and teachings of the present invention will suggest nany
alternative designs”to those skilled in the art.

FIG. 12
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22 W claim 1. An on-denmand fast cycle nold system for producing injection
nol ded products, conprising at |east one nold, wherein the nold includes an
upper bow insert defining an upper surface of a bow being holded and a

| ower bow insert defining a | ower surface of a bow being nol ded, the
upper bow insert includes a central cogtht fl ow passage extendi ng
longitudinally centrally therein for coreeying coolant for cooling the
upper bowl insert, a hot runner systemfor supplying nolten plastic to at

| east one injection nozzle, a high thermal conductivity gate insert
surroundi ng said at- |east one injection nozzle and having an annul ar

cool ant flow passage therein positioned around said at |east one injection
nozzle to provide precise nold tenperature

FIG. 13

("\
121 M) 119

I 1 «—118
Qx J L '%"-120
120

|
ﬂ

REPLACEMENT SHEET

S0 DEC 1997




control and inproved cosnetic appearance of the nolded product, and the
nol d systemis both heated and cooled to provide a short response tine and
optimal tenperature control, including a pul se nodul ated cooling systemfor
cooling the nold system wherein in operation of the pul se nodul at ed
cooling system dring each nolding cycle ,after the nold is filled with
nolten plastic the heat input of the nnrﬁgh plastic is matched by a tined
pul se of coolant, after which the nold is allowed to dissipate heat

gradi ents and seek.'equi |l i brium such that the nolten plastic is cool ed, an
el ectric heating systemfor heating the nold system a plurality of
tenperature sensors installed inside the nold system which are used in
control loops to control the flow of coolant through the pul se nodul at ed
cooling system 2. An on-denmand fast cycle nold systemas clainmed in

140
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claim1, wherein the electric heating systemincludes a high voltage

el ectrical heater operated by 208-220V to heat the hot runner system and
provi de a short response tine and optinmal tenperature control. 3. An
on-demand fast cycle nold systemas clainmed in claim1, wherein the

i njection nozzle is heated by an electrtisl heating coil, which is housed
surroundi ng the injection nozzle. 23 -4=" An on-denand fast cycle nold
‘systemas clained in claim1, wherein each insert has a nold surface with
an optical quality-finish, and forned of an alloy which is




approximately 96.4% Cu. 02.5% N, 00.7% Si. and 00.4% Cr. which is nickel

pl ated and then dianond turned to produce a nold insert having an optical
quality finish. 5. An on-demand fast cycle nold systemas clained in claim
1, wherein the |ower bow insert includes an annular cool ant flow passage
whi ch surrounds the | ower bow insert for, conveying coolant for cooling the
| oner bow insert. 6. An on-denand fast &/le nold systemas clained in
claim1l1, wherein the nold system produces injection nolded pol ypropyl ene

bl i ster package basées, each of which defines a bow portion which is
adapted to package a product and a tail portion. 7. An on-denmand fast cycle
nold systemas clainmed in claim6, wherein the nold systemis nonitored for
tenpera ture by at |east first and second thernocouples. a first

160
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t her nocoupl e positioned to sense the tenperature by the tail portion of the
bli ster package base, and a second therno- couple positioned to sense the
tenperature by the bow portion of the blister package base. 8. An
on-demand fast cycle nold systemas clained in claiml1l. wherein the nold

conprises a 16 cavity, hot manifold nol i ch includes a stationary nold
side and a noveabl e nol d side which are=¥~anped together during an

i nj ection nolding process. and set of t he nol ded product, the
novabl e nol d side ts rel eased ‘:a'gs; amay fromthe statlonary nol d
side to enabl.e the injection nD roduc to be ejected fromthe nold
cavities. 9.- An on-demand fastygyel e nold systen1as clainmed in claimS8,
wherein the initial flow of h hpt runner systen1|s in the center pof the
nol d system and brlanchgs | angl right 1NWM4£“NNﬂr
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apd aJr so forward and backward and downwardl y to a sym‘r%cyggh grpangenment
of 16 nold cavities, having 4 rows of 4.:nmold cavities n “on- demand

fast cycle nold systemas clained in cl aim 1 wherein the nol ded product is
i nj ection ol ded from pol ypropyl ene, and the pol ypropylene melt tenpera-

ture is controlled to within a narrow t erature rang
ol
oyl e of o s B o e AN MB A -
the pul se nodul at Y epii:ng system

1. An on-demand fast cycle mold system for producing
.injection molded products, comprising at least one mold,
wherein the mold includes an upper bowl insert defining an
upper surface of a bowl being molded and a lower bowl
insert defining a lower surface of a bowl being molded, the
upper bowl insert includes a central coolant flow passage
extending loqgltudmally centrally therein for conveying
coolant for cooling the upper bowl inseit, a hot runner
system for supplying molten plastic to at least one injection
nozzle, a-high thermal conductivity gate insert surrounding
said at-least onc injecion nozzle and having an annular
coolant flow passage therein positioned around said at least
one injection nozzle to provide precise mold temperature
control and improved cosmetic appearance of the molded
product, and the mold system is both heated and cooled to
provide a short response time and optimal temperature
control. including a pulse modulated cooling system for
cooling the mold system. wherein in operation of the pulse
mogulated cooling system. during each molding cycle, after
the mold is filled with molten plastic the heat input of the
molten plastic is matched by a timed pulse of coolant, after
which the mold is allowed to dissipate heat gradients and -
seek equilibrium such that the molten plastic is cooled, an
¢lectric heating system for heating the mold system, a
plurality of temperature sensors installed inside the mold
system, which are used in control loops to control the flow
of coolant through the pulse modulated cooling system.

2. An on-demand fast cycle mold system as claimed in
claim 1, wherein the electric heating system includes a high
voltage electrical heater operated by 208—220V to heat the
hot runner system and provide a short response time and
opmnal temperature ‘control.

3. An on-demand fast cyclc mold system as clmmcd in
claim 1, wherein the mjectlon nozzle is heated by. an
electrical heating coil which is housed smroundmg the

injection nozzle.




?

i ncl udes .a cool ant punp for supplying-cool.ant to a pIuggLLLy_QL~sgLeﬂe+d——
operated nold supply valves for a plurality of cooling zones,

coolant flows fromthe plurality of supply valves to a p

and tm “‘
in line manifolds. each having a plurality of cool ant flumﬂmm \ B

on-demand fast. cycle nold systemas cla

din claim11l. V\,hereln t he

cool ant returns through return lines t lurality of manual return
shutof f shaft val eac f I ensor,
Tromthere to a c ol'%'ht Q‘gﬁﬁi%d?@*gyfl Jﬁb@sgﬁé o&ogfﬂ'w 13. An
on-denend fast claime hyowh eachsinsest has armoldisurface iwithuan ng a

zone,

and each t®
system for each3BETQ] Thaje

Cr. which is nickel plated and then diamond turned to
produce a mold insert having an optical quality finish.
~3. An on-demand Tast cycle mold system as claimed in

claim 1, wherein the lower bowl insert includes an annular
coolant flow passage which surrounds the lower bowl insert
for conveying coolant for cooling the lower bowl insert.

6. An on-demand fast cycle mold system as claimed in
claim 1, wherein the mold system produces injection molded
polypropylene blister packagc bases. each of which defines
a bowl poruon which is adapted to package a product. and
a tal

7. An on-dcmand fast cycle mold system as claimed in
claim 6, wherein the mold system is monitored for tempera-
ture by at least first and -second thermocouples. a first
thermocouple positioned to sense the temperature by the tail

portion of the blister package base, and a second thermo-

couple positioned to sense the temperature by the bowl
portion of the blister package base.
8. An on-demand fast cycle mold system as claimed in

claim 1, wherein the mold comprises a 16 cavity. hot

manifold mold which includes a stationary mold side and a

~ moveable mold side which are clamped together during an

injection molding process. and after setting of the molded
product. the movable mold side is released and displaced
away from the stationary mold side to enable the injection

molded products to be ejected from the mold cavities.
9. An on-demand fast cycle mold system as claimed in

plurality of te ﬁ@l ﬁmﬁ}g’? and réf %nmoyf qhieAc s cool i ng
7 ﬁ%ﬁ‘%@ ~00.7% SL. End 0604% °°™ "'

claim 8, wherein the initial flow of the hot runner system is | REPLACEMENT \SH
in the center of the mold system, and branches left and right -
and also forward and backward. and downwardly to a| | 15 SEP 2000

symmetrical arrangement of 16 mold cavities, having 4 rows
of 4 mold cavities.

10. An on-demand fast cycle mold system as claimed in

claim 1, wherein the molded product is injection molded

" from polypropylene. and the polypropylene melt tempera-

ture is controlled to within a narrow temperature range to
avoid polypropylene melt freeze -off or drooling during

injection mold operations.




14; Amson-demand fast cycle nold system as:clai ned .-i-'h'--_;J..CI aim11, wherein the
coolant flows through a shell and tube heat. exchangér ere said coolant is
cooled to a selected tenperature by a chiller solution supplied and

returned through a tenperature controller valve, mhicT ”'
'terrperature sensor. 15. An on-dennand fast cycle nold mmmmrm“ nmm
claim1, wherein the pul se nodul ated coo 4»9 system i ncl ufesta " s

m croprocessor based control|er controls the injection of. a reasured pul se

of cooling medi umllnwm won-demand ﬁgs&ﬁmnmldJ@swm aschimeddin ast cycl e
Told System as ol g ap%eiﬂ“&ne PASE' Iddifiabel éadlisig Ok pitenpassage of
the upper bow | udg4 ‘ ' f;s: F ‘ e -hereln
betmeen an |nlein¢i : cyie
e of solenoxd operated mold supf)ly valvcs for a plurahty of
. cooling zones, and the coolant flows from the plurality of
. supply valves to.a plurality of supply in-line manifolds. each
havmg a plurality of coolant flow passages.
12. An on-demand fast cycle mold system as claimed in
claim 11, wherein the coolant returns through return lines to
a plurahty of manual return shutoff shaft valves, each with
"a flow turbine and remote flow sensor. and from there to a
coolant tank to be recycled by the coolant pump.
13. An on-demand fast cycle mold system as claimed in
_claim 11, including a plurality of temperature sensors, a

temperature sensor for each cooling zone, and each tem-
perafure sensor provides an in input to a zone control system
for each solenoid operated valve.

14, An on-demand fast cycle mold system as claimed in
claim 11, wherein the coolant flows through a shell and tube
heat cxchan&a where said coolant is cooled to a selected
temperature 'by a chiller solution supplied and returned
through a temperature coniroller valve, which is controlled
by a temperature ‘sensor.

15. An on-demand fast cycle mold system as claimed in
claim 1. wheréin the pulse modulated cooling system
mcludcs a microprocessor based controller controls the

_injection of a measured pulse of cooling medium into mold
cooling channels.

16. An on-demand fast cycle mold system as claiméd in
claim 1. wherein the central coolant passage of the’
bowl insert includes -a.céntral partition. positioned therein
between an inlet flow aperture and an outlet flow aperture,
which partiion extends almost to the end of the central
coolant passage. which forces coolant to flow from the inlet
flow aperture to the end of the central passage, around the
central partition. and then to the outlet flow aperture. to
provide effective coolmg of the upper bow! insert. :
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whi ch. parti ti-on extends al nost to tthe'end:of the central cool ant passage,
which forces coolant to flow fromthe inlet flow aperture to the end of the
central passage, around the central partition, and then to the outlet flow
aperture, to provide effective cooling.of the upper bowt insert.

| 25 .
ON:DEMAND FAST CYCLE MOLD

ABSTRACT OF THE DISCLOSURE

‘ An on-demand fast cycle mold for producing
injection molded products such as polypropylene
blister package bases. The on-demand fast éycle mold
has a heated and cooled hot runner system which
provides a short response .time and optimal temperaturé
control. On-demand injection molding is made possible
by a pulse modulated closed loop mold cooling system,
the cooling design of brazed gate inserts, and an
effective layout of the cooling channels. The
programming of the software for a computer control
system has also beeri designed to achieve on-demand
injection molding. The design of the closed loop mold
cooling system incorporates an advanced cooling
circuit layout, and provides for easy maintenance and
better quality control of the coolant which
significantly reduces corrosion and scale buildup.
Mold cooling is controlled by sensors installed inside
the mold which are used in feedback control loops.
The brazed gate inserts provide precise mold
temperature control and improved cosmetic appearance
of the molded packages. ‘The use of a needle-valve
injection nozzle results in reducedlcycle time and
improved moldability.

Figure 3
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