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(57) Abréegée/Abstract:
In an injection molding machine which has conventionally been used, the water and a gas
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IN undried resin pellets are completely

removed by a drier set to a predetermined temperature, and the resultant water- and gas-removed dried pellets are introduced into

the Injection molding machine, so that thorough attention should be paid to the quality cor
before the pellets are introduced Into the Injection molding machine. A molding machine, wh

trol of the water and gas In the pellets
erelin undried resin pellets are injection

molded by evaluating the Injected resin, controlling the operating conditions including a pellet supply rate and a degree of
decompression, and thereby specifying optimum operating conditions under which good products are obtained and an optimum

amount of accumulation, an amount of accumulation of pellets supplied to an injection molding chamber being detected, the
supplying of the pellets to the Injection molding chamber being controlled on the basis of the detected information, the water and
gas evaporated from the pellets during a melting process in the injection molding chamber being discharged under vacuum to the

atmosphere.
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(57) Abstract

In an injection molding machine which
has conventionally been used, the water and a
gas in undried resin pellets are completely
removed by a drier set to a predetermined
temperature, and the resultant water- and gas-
removed dried pellets are introduced into the
injection molding machine, so that thorough
attention should be paid to the quality control
of the water and gas in the pellets before the
pellets are introduced into the injection
molding machine. A molding machine, wherein
undried resin pellets are injection molded by
evaluating the injected resin, controlling the
operating conditions including a peliet supply
rate and a degree of decompression, and
thereby  specifying  optimum operating
conditions under which good products are
obtained and an optimum amount of
accumulation, an amount of accumulation of
pellets supplied to an injection molding chamber being detected, the supplying of the pellets to the injection molding chamber being

controlled on the basis of the detected information, the water and gas evaporated from the pellets during a melting process in the injection
molding chamber being discharged under vacuum to the atmosphere.
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INJECTION MOLDING SYSTEM WITH PELLET SUPPLY UNIT

Field of the Invention

The present invention primarily relates to an 1injection
molding system with a pellet supply unit. The invention also
provides a method for injection molding and an injection molding

product for injection molding using resin pellets, especially

undried resiln pellets.

Background of the Invention

In a conventional injection molding apparatus, resin pellets
are previously dried for some days by a drier of a predetermined
temperature. The resin pellets are thus turned into a
predetermined dried condition. While they are dried, water 1n
the resin pellets is reduced to a predetermined value. The dried
pellets with water of the predetermined value are thrown i1nto the
injection molding apparatus. In other words, the water 1in the
resin pellets is carefully controlled before they are thrown into
the injection molding apparatus.

An injection molding product has blowholes. This means that

the conventional drying method is insufficient. It i1s considered
that they are caused by water generated from chemical

combinations of resin ingredients 1in pellets due to heating.

Resin materials
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which constitute pellets and chemicals which are used for
plasticizer generate vapor and gas due to heating. Chemicals in
pellets are generated as poisonous gas in the process of melting
in the injection molding apparatus. The generated poisonous gas
is discharged into the atmosphere.

In these days, it is an issue of wide importance that human
bodies are influenced by harmful objects, especially objects that
distract internal secretion (environmental hormone), included in
plastic. It 1s therefore socially important to prevent discharging
these poisonous materials into the atmosphere.

This invention was made to solve the foregoing problems, and
is aimed to remove harmful objects generated when resin pellets
are melted in the injection molding apparatus, improve t'he quality
of the products, reduce the inferior goods for at least 20% than
before, and reduce frequency of maintenance for cleaning the inside
of the die. Consequently, the productivity is increased and the
electric energy required for injection molding is considerably

decreased.

Disclosure of the Invention

A method for injection molding according to the invention
comprises a process of conducting a first injection by feeding
undried resin pellets into a cylinder of an injection molding
apparatus and a process of conducting a injection molding by means

of a injection with a best accumulation amount per unit shot
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obtained by checking quality of a resin purge injected after a
predetermined time from the first injection.

A method for injection molding according to the invention
comprises:(a) a process of decompressing a gas exhaust passage
in order to exhaust water and gas discharged from a die and/or
water and gas discharged from pellets melted in a cylinder of an
injection molding apparatus;(b) a process of conducting a first
injection by feedingundried resin pellets through a pellet feeding
passage to the cylinder of the injection molding apparatus: (c)
a process of examining quality of a resin purge injected after
a predetermined time from said first injection; (d) a process of
determining a best accumulation amount per unit shot as a result
of said examination; and(e) a process of conducting injection
molding with said best accumulation amount.

A method for injection molding according to the invention
comprises:(a) a process of decompressing a gas exhaust passage
in order to exhaust water and gas discharged from a die and/or
water and gas discharged from pellets melted in a cylinder of an
injection molding apparatus;(b) a process of conducting a first
injection by feeding undried resin pellets through a pellet feeding
passage to the cylinder of the injection molding apparatus;
(c) a process of examining quality of a resin purge injected after
a predetermined time from said first injection;(d) a process of
determining a best accumulation amount per unit shot as a result

of said examination;(e) a process of detecting an accumulation
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amount of pellets fed during injection molding;(f) a process of
controlling an accumulation amount of pellets upon said detection
information; and(g) a process of conducting injection molding with
said best accumulation amount.

A method for 1injection molding according to the invention
comprises:(a) a process of decompressing a gas exhaust passage
in order to exhaust water and gas discharged from a die and/or
water and gas discharged from pellets melted in a cylinder of an
injection molding apparatus;(b) a process of conducting a first
injection by feeding undried resin pellets through a pellet feeding
passage to the cylinder of the injection molding apparatus; (c)
a process of examining quality of a resin purge injected after
a predetermined time from said first injection; (d) a process of
determining best operation conditions concerning operation
conditions such as a feeding amount of pellets per unit shot, a
decompression degree, and a pellet temperature as a result of said
examination; and(e) a process of conducting injection molding
under said best operation conditions.

A method for injection molding according to the invention
comprises:(a) a process of decompressing a gas exhaust passage
in order to exhaust water and gas discharged from a die and/or
water and gas discharged from pellets melted in a cylinder of an
injection molding apparatus;(b) a process of conducting a first
injection by feeding undried resin pellets through a pellet feeding

passage to the cylinder of the injection molding apparatus;
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(c) a process of examining quality of a resin purge injected after
a predetermined time from said first injection;(d) a process of
determining a best accumulation amount per unit shot as a result
of sald examination;(e) a process of controlling operation
conditions such as a feeding amount of pellets, a degree of
decompression, and a pellet temperature in order that said best
accumulation amount exists in a pellet feeder; and(f) a process
of conducting injection molding under said best operation

conditions.

A method for injection molding according to the invention
comprises:(a) a process of decompressing a gas exhaust passage
in order to exhaust water and gas discharged from a die and/or
water and gas discharged from pellets melted in a cylinder of an
injection molding apparatus;(b) a process of conducting a first
injection by feeding undried resin pellets through a pellet feeding
passage to the cylinder of the injection molding apparatus:
(c) a process of examining quality of a resin purge injected after
a predetermined time from said first injection;(d) a process of
determining a best accumulation amount per unit shot as a result
of said examination;(e) a process of feeding pellets to said
injection molding apparatus separately from water and gas
exhausted from said pellets to be melted; and(f) a process of
conducting injection molding under said best accumulation amount.

In the method for injection molding, the pellets of an

accumulation amount in which pellets do not overflow from the
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cylinder of the injection molding apparatus even if pellets are
continuously fed in the cylinder of the injection molding apparatus
are fed as one shot in said examination process.

In the method for injection molding, the recommended value
described in specifications or a pamphlet or a value obtained in
an evaluation is used instead of the process of determining best
operation conditions such as a feeding amount of pellets, a
decompression degree, and a pellet temperature.

In the method for injection molding, the process of determining

a best accumulation amount is conducted by changing operation

conditions such as a feeding amount of pellets, a pellet
temperature, and a decompression degree.

In the method for injection molding, the accumulation amount

~controlling process 1is controlled by changing the feeding amount.

In the method for injection molding, the accumulation amount
controlling process is controlled by fixing the feeding amount
and changing the feeding time.

In the method for injection molding, the feeding is stopped and
started in said accumulation amount controlling process.

In the method for injection molding, the method further
comprises a process of changing said detection position.

In the method for injection molding, the method additionally
comprises an alr feeding process for feeding air or gas such as
an inert gas 1into said injection molding apparatus.

In the method for injection molding the dried pellets or
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recycled resin are used instead of said undried pellets.

An 1injection molding system according to the invention
comprises: an injection molding apparatus for conducting a first
injection by feeding undried resin pellets into a cylinder of an
injection molding apparatus and injecting with a best accumulation
amount per unit shot obtained by checking quality of a resin purge
injected after a predetermined time from the first injection:
a pellet feeding passage for feeding pellets into the cylinder
of the injection molding apparatus; a gas exhaust passage for
exhausting water and gas in resin discharged in said injection
molding apparatus and/or a die; and a decompressor connected to

saild exhaust passage.

An 1injection molding system according to the invention
comprises: an injection molding apparatus for conducting a first
injection by feeding undried resin pellets into a cylinder of an
injection molding apparatus and injectingwith a best accumulation
amount per unit shot obtained by checking quality of a resin purge
injected after a predetermined time from the first injection;
a pellet feeding passage for feeding pellets into the cylinder
of the injection molding apparatus; a gas exhaust passage for
exhausting water and gas in resin discharged in said injection
molding apparatus and/or a die; a detector for detecting an
accumulation amount of pellets fed during injection molding; a
pellet accumulation amount controlling means for controlling an

accumulation amount of pellets upon information of said detector;
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and a decompressor connected to said exhaust passage.

An 1injection molding system according to the invention
comprises:an injection molding apparatus for conducting a first
injection by feeding undried resin pellets into a cylinder of an
injection molding apparatus and injecting with a best accumulation
amount per unit shot obtained by checking quality of a resin purge
injected after a predetermined time from the first injection:
a pellet feeding passage for feeding pellets into the cylinder
of the injection molding apparatus;a pellet feeding passage for
feeding pellets into the injection molding apparatus;a gas exhaust
passage for exhausting water and gas in resin discharged in said
injection molding apparatus and/or a die;a device for preventing
contact arranged at said pellet feeding passage in order to prevent
pellets fed through said pellet feeding passage to said injection
molding apparatus from contacting water and gas discharged from
said injection molding apparatus; and a decompressor connected
to said exhaust passage.

An injection molding system according to the invention
comprises:a first injection molding apparatus for conducting a
first injection by feeding undried resin pellets into a cylinder
of an injection molding apparatus and examining quality of a resin
purge obtained from injection after a predetermined time from the
first 1njection;a second injection molding apparatus for
injecting with a best accumulation amount per unit shot as a result

of salid examination;a pellet feeding passage for feeding pellets
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into the cylinder of the injection molding apparatus;

a gas exhaust passage for exhausting water and gas in resin

discharged in said injection molding apparatus and/or a die:

a decompressor connected to said gas exhaust passage;a detector

for detecting the fed 'accumulation amount;and a pellet

accumulation amount controlling means for controlling the

accumulation amount of pellet upon information of said detector.
In the injection molding system, the pellet accumulation amount

controlling means controls at least one of operation conditions

such as a feeding amount of pellets, a decompression degree, and

a pellet temperature.

In the injection molding system, the pellet accumulation amount
controlling means comprises a pellet feeding regulator and a system
controller.

In the injection molding system, the system controller controls
the decompressor and a pellet heater.

In the injection molding system, the pellet feeding regulator
changes a feeding amount.

In the injection molding system ,the pellet feeding regulator
fixes a feeding amount and changes a feeding time.

In the injection molding system, the pellet feeding regqulator
stops and starts feeding.

In the injection molding system, the detector is arranged so that

at least one detector 1is placed at a position of the best

accumulation amount.
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In the injection molding system, the system further comprises
a heater for heating pellets to be fed to the injection molding

apparatus.

In the injection molding system, the heater is a heat exchanger
that utilizes warm gas discharged from the injection molding
apparatus.

In the injection molding system , wherein said heater is placed
at the pellet feeding passage.

In the injection molding system,the device for preventing
contact 1s placed at the pellet feeding passage and comprises a
pellet feeder in double structure so that pellets pass through
a second pellet feeder of said pellet feeder and water and gas
pass through a space between a first pellet feeder and the second
pellet feeder.

In the injection molding system, the end of the second pellet
feeder juts toward the injection molding apparatus beyond an end
of the first pellet feeder.

In the injection molding system, the system further comprises
a gas feeder for feeding air or gas such as an inert gas into said
injection molding apparatus.

In the injection molding system, the dried pellets or recycled
resin are used instead of said undried pellets.

An injectionmolding system according to the invention comprises
plural 1njection molding apparatuses and one central control

device, wherein said injection molding apparatuses conduct a first

10
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injection by feeding undried resin pellets to cylinders of the
injection molding apparatuses and inject with a best accumulation
amount per unit shot obtained by examining quality of a resin purge
injected after a predetermined time from the first injection, and
said one central control device controls feeding of pellets so
that excellent articles are always obtained due to a result of
examining a purge injected after some minutes from the first
injected purge upon information of operation environment of each
injection molding apparatus.

An injection molding apparatus according to the invention
conducts a first 1injection by feeding undried pellets into a
cylinder of the injection molding apparatus and injects with a

best accumulation amount per unit shot obtained by checking quality

of a resin purge injected after a predetermined time from the first
injection.

In the injection molding apparatus, the apparatus comprises a
pellet accumulation amount controlling means which controls at
least one of operation conditions such as a feeding amount of
pellets, a decompression degree, and a pellet temperature.

In the injection molding apparatus,the pellet accumulation
amount controlling means comprises a pellet feeding regulator.

In the injection molding apparatus, the pellet feeding regulator
changes a feeding amount.

In the injection molding apparatus, the pellet feeding regulator

fixes a feeding amount and changes a feeding time.

11
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In the injection molding apparatus, the pellet feeding regulator
stops and starts feeding.

In the injection molding apparatus, the apparatus further
comprises at least one detector placed at a position of the best
accumulation amount.

A pellet feeding unit according to the invention comprises:

a pellet feeding passage for feeding pellets into a cylinder of
an injection molding apparatus in order to melt and inject undried
resin pellets fed through the pellet feeding passage;a gas exhaust
passage for exhausting water and gas in resin discharged in a die
and/or the injection molding apparatus;a decompressor connected
to said gas exhaust passage;a detector for detecting an
accumulation amount of pellets fed during injection molding:
a pellet accumulation amount controlling means for controlling
the accumulation amount of pellets upon information of said
detector; and a removing apparatus which is placed at said exhaust
passage and removes harmful objects in warm exhaust gas discharged
from the injection molding apparatus.

A pellet feeding unit according to the invention comprises:
a pellet feeding passage for feeding pellets into a cylinder of
an injection molding apparatus in order to melt and inject undried
resin pellets fed through the pellet feeding passage;a gas exhaust
passage for exhausting water and gas in resin discharged in a die
and/or the injection molding apparatus;a decompressor connected

to said gas exhaust passage:a device for preventing contact which

12

a2 Rt bl de e g OISR Do oo WL AHREAD IR I DRI A W T LRy L1 arp. it ettt e B ANt et e e T o ] e A b H ML i o) iRk A LR £ v ik B a2t | el (e AR A Al - St Mk NI AT A - e e . Tt s A m el at s U labmhadis Gt A E phha A ) NG M- LS R M NI LMD SRR POV 1) L ACK] LAY 4 s MR A VT M A e I D e B e EdSe e s e s . i



VS s b e o b SRt M i L all e it kel § Lo A . L e M=, A A 4 i a1 1 AR Lyt b 8] s 2 A < e e S LA T A4 L IR g pANEIT o L 6 LD S PR A AL SO YN Het A L LA et Rerb AL S N 550 (O NIERIIAL 1+ e B M LA e 4 B0y o4 HICE

CA 02280818 1999-08-12

is placed at said pellet feeding passage and prevents pellets fed
through said pellet feeding passage into the cylinder of the
injection molding apparatus from contacting water and gas in resin
discharged from said injection molding apparatus;a detector for
detecting an accumulation amount of pellets fed during injection
molding;a pellet accumulation amount controlling means for
controlling the accumulation amount of pellets upon information
of said detector;a removing apparatus which is placed at said
exhaust passage and removes harmful objects in warm exhaust gas
discharged from the injection molding apparatus; and a heater for
heating pellets to be fed to said injection molding apparatus.

In the pellet feeding unit,the pellet accumulation amount
controlling means controls at least one of operation conditions

such as a feeding mount of pellets, a decompression degree, and
a pellet temperature.

In the pellet feeding unit,the pellet accumulation amount
controlling means comprises a pellet feeding regulator and a system
controller.

In the pellet feeding unit, the system controller controls the
decompressor and the pellet heater.

In the pellet feeding unit, the pellet feeding regulator changes
a feeding amount.

In the pellet feeding unit, the pellet feeding regulator fixes
a feeding amount and changes a feeding time.

In the pellet feeding unit, the pellet feeding regulator stops

13
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and starts feeding.

In the pellet feeding unit, the detector is arranged so that
at least one detector 1is placed at a position of a best

accumulation amount.

P

An injection molding product 1is made by the method for

injection molding, the injection molding system, the injection

molding apparatus, or the pellet feeding unit.

summary of the Invention

In summary of the foregoing the present invention may be
considered as broadly providing an 1injection molding system
comprising: an 1injection molding apparatus for feeding resin
pellets into a cylinder of the injection molding apparatus and

injecting them with an accumulated amount per unit shot; a pellet

feeder through which the resin pellets are fed into the cylinder
of the injection molding apparatus; a gas exhaust passage for
exhausting water and gas, discharged from resin pellets melted in
the cylinder of the injection molding apparatus, out of the
cylinder; and a decompressor connected to the exhaust gas
passage; characterized in that: the pellet feeder has a double
structure which includes a first pellet feeder and a second

pellet feeder placed in the first pellet feeder; and the first

pellet feeder comprises the gas exhaust passage which is formed

between the first and second pellet feeders; the first pellet
feeder having an exhaust port which 1s c¢onnected to the
decompressor; the resin pellets are fed in and through the second
pellet feeder; a gas feeder for introducing ailir or gas into the
cylinder of the injection molding apparatus 1s provided; whereby
resin pellets fed in and through the second pellet feeder are
prevented from being in contact with water and gas, discharged
from resin pellets in the 1njection molding apparatus and fed

through the gas exhaust passage of the first pellet feeder.

14
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Brief Description of the Drawilngs
FIG. 1 is a schematic illustration of the injection molding
system according to the present invention.

FIG. 2 1is a schematic 1illustration of the pellet feeder

according to the present 1nvention.

FIG. 3 is a schematic illustration of the injection molding

system according to the present invention.

Detailed Description of the Invention

The present invention 1s substantially constructed as
described below. Undried resin pellets are fed into a cylilnder
of an 1njection molding apparatus through a pellet feeding
passage and a first injection 1s conducted, and gquality of a
resin purgé injected after a predetermined time from the first
injection is examined and a best accumulation amount per unit
shot which results are good in the examination 1s determined.
Injection molding is conducted with this best accumulation

amount. An accumulation amount of pellets fed during injection

molding is detected, and

14a
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the accumulation amount of pellets is controlled on the basis of
the detected information in order to keep the accumulation

amount of pellets at the best value. Consequently, the cylinder
of the injectionmolding apparatus always has the best accumulation
amount per unit shot. Water and gas discharged from a die and/or
water and gas discharged from pellets melted in the cylinder of
the injection molding apparatus are exhausted to the atmosphere
under decompression. The construction of the present invention
is applicable to an injection molding apparatus, an injection
molding system, a pellet feeding unit, and a method for injection
molding.

The present invention will now be described in detail with
reference to the accompanying drawings.

Resin pellets are conventionally dried in a drying oven for
some days until the water is decreased to a fixed amount. 1In the
preferred embodiment, undried resin pellets, which amount of water
is not adjusted, are used instead of dried resin pellets.

FIG. 1 shows a schematic illustration of an injection molding
system. In the illustration, Reference number 10 is an injection
molding system. 12 is a storage tank where resin pellets such as
nylon are stored. Pellets are fed to a pellet storage 22 through
an air-exhaust ventilator 14, an auto loader 16, and a vacuum
interception valve 20 which compose a device for automatically
feedling pellets. A vacuum interception valve 18 is arranged at

each of a passage between the storage tank 12 and the auto loader

15
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16 and a passage between the air-exhaust ventilator 14 and the
auto loader 16. When pellets are moved to the auto loader 16, the
vacuum interception valves 18 are shut.

Pellets are moved from the auto loader 16 to the pellet storage
22 through the vacuum interception valve 20. The auto loader 16
is provided with a level sensor 21 which detects a position of
accumulation of pellets. The vacuum interception valve 20 shuts
when pellets are moved from the auto loader 16 to the pellet storage
22. Then resin pellets are moved from the pellet storage 22 to
an injection molding apparatus 26 through a pellet feeder 24.

The injection molding apparatus 26 melts pellets fed in a
cylinder and injects melted resin from an injection hole arranged
at an end thereof. The injection molding apparatus 26 feeds pellets
into the cylinder and conducts a first injection, and injects
according to the best accumulation amount per unit shot obtained
by examining quality of a resin purge 1injected after a
predetermined time from the first injection.

As shown in FIG. 2, the pellet feeder 24 is provided with a
pellet feeding regulator 28. The pellet feeder 24 is provided with
first and second pellet feeders 30, 32. Pellets which amount was
controlled by the pellet feeding regulator 28 are fed from the
pellet storage 22 to the pellet feeder 24.

The pellet feeder 24 has double structure. In other words,
the pellet feeder 24 has the first pellet feeder 30 of transparent

acrylic and the second pellet feeder 32 of copper, placed in the
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first pellet feeder 30. An end of the second pellet feeder 32 juts
toward the injection molding apparatus beyond an end of the first
pellet feeder. Thus pellets pass the second pellet feeder 32, and
water and gas pass the space between the first pellet feeder 30
and the second pellet feeder 32. Reference number 31 is a net for
removing dust in water and gas exhausted from pellets melted in
the cylinder.

The first pellet feeder 30 and the second pellet feeder 32
placed in the first pellet feeder 30 construct a device for
preventing contact 34. The first pellet feeder 30 has an exhaust
port 36. The exhaust port 36 is connected to a decompressor 38

which is described later.A pellet feeding passage 40 is constructed

as stated above.

Detectors 50, 52, which are described later, are attached to
the second pellet feeder 32.It is preferable to arrange the
detectors at the lower portion of the second pellet feeder 32.

The pellet feeding passage 40 described above is constructed
as one body, but it is possible to make each component removable
in consideration of maintenance and cleaning. The auto loader and
the interior of the pellet storage are cleaned by blowing gas from
the upper portion. Pellets rub each other while moving or dropping.
As aresult, pellets get staticelectricity. The staticelectricity
generated on pellets disturbs smooth feeding of pellets. It is

therefore preferable to arrange a static electricity prevention

means (not illustrated) at the feeding passage from the storage
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tank to the pellet feeder.The static electricity prevention means
is, for example, the earth.

Owing to the adjustment of feeding pellets by the pellet
feeding regulator 28, the amount of pellets fed to the injection
molding apparatus is variable, the feeding amouﬁt is fixed and
the feeding time is variable, or the feeding is stopped and started.
The pellet feeding regulator 28 has a motor 42. Owing to the
adjustment of the feeding amount of pellets, the number of
rotations of the motor is variable, the number of rotations of
the motor is fixed and the time of rotation of the motor is variable
(including stop), or rotations of the motor are stopped or started.
The feeding amount of pellets is also variable owing to the
decompression degree and the pellet temperature. The feeding
amount of pellets, i.e. the accumulation amount of pellets,
increases as the decompression degree becomes higher and increases
as'the pellet temperature becomes higher.

The pellet feeding regulator 28 in FIG.2 1is arranged
transversely, and it can also be arranged longitudinally. The
pellet feeding regulator 28 has a shaft 44, a spiral feeding portion
46 with a predetermined pitch, and the driving motor 42 at the
other end thereof. The shaft 44 and spiral feeding portion 46 of
the pellet feeding regulator 28 are placed in a housing 48. The
driving motor is controlled on the basis of information from a
detector described later. The amount of pellets fed through the

spiral feeding portion is adjusted by controlling the number of
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rotations of the shaft connected to the motor.Besides the
construction described above, it is possible to arrange various
regulation mechanisms,for example a regulation blade for
adjusting the diameter of the pellet feeding passage, to the pellet
feeding regulator 28.

Reference number 50 and 52 are detectors, for example position
sensors. The detectors 50 and 52 are attached to the second feeder
32. The detector 50 detects a situation wherein pellets overflow
the cylinder and come out to the second pellet feeder. The detector
52 detects a situation wherein pellets begin to be accumulated
above a determined accumulation position in the second pellet
feeder. When a detector operates, the information is sent to a
system controller 54. The system controller 54 sends a signal for
controlling the accumulation amount of pellets to the pellet
feeding regulator on the basis of the information. Thus, the
pellet feeding regulator 28 adjusts the feeding amount of pellets
by adjusting the number of rotations of the motor 30, fixes the
number of rotations of the motor 30 and adjusts the driving time,
or stops and starts driving of the motor 30. Or a signal is sent
from a pressure controller 56 in the system controller 54 to the
air-exhaust ventilator 14, and the amount of pellets fed from the
storage tank 12 is changed.

Moreover, a driving detector 58 which detects fluctuation of
driving of a screw is arranged at one end of the screw.Reference

number 60 is a device for controlling the injection molding
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apparatus that controls the injection molding apparatus such as
movement of a screw arranged in an injection molding chamber 62
of the injection molding apparatus. Information of the injection
molding apparatus controller 60 is sent to the system controller
54, and the whole injection molding system is controlled.

The foregoing injection molding apparatus has a heater in the
circumference, an injection hole at an end, and a screw. The screw
has a weighing zone, a compressing zone, and a feeding zone. The
temperature of pellets rises to a uniform temperature along with
self-generation of heat. In the compressing zone, pellets are
melted and mixed. Due to this function, melted resin of a fixed
amount 1s sent toward a nozzle. Pellets fed in the injection
molding apparatus have cushion pressure when they are compressed

by the screw. The range of fluctuation of the cushion pressure

H

is arranged to be 5 mm 0.5 mm at most.

The inside of the injection molding apparatus can be kept
hermetically, and it 1is also possible to introduce air of the
atmosphere or an inert gas from another end of the injection molding
apparatus. The means to feed gas is a mouth 64 arranged at another
end opposing the injection hole of the cylinder of the injection
molding apparatus. Instead of air, an inert gas can be introduced
in the cylinder. Furthermore, it is preferable to heat the gas.
The feeding amount of air in a conventionally used 50 ton injection
molding apparatus of Fanuc Ltd. is approximately 200 N1 / min -

approximately 300 N1 / min.

20
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Pellets fed from the pellet feeder to the injection molding
chamber of the injection molding apparatus move in said chamber
due to the screw, and water and gas in the pellets are discharged
while melting. A gaseous body which includes the water and gas
discharged from the pellets is thrown out of the injection molding
apparatus owing to a vacuum pump consisting the decompressor 38.

The decompressor 38 is attached around the lower portion of the
second feeder 32. Thus the decompressor 38 sucks water and gas
generated from melted pellets, and exhausts the water and gas to
the atmosphere. The inside of the injection molding chamber or

the inside of the feeder is arranged to be under decompression,

and preferably about 300 Torr at least.

The gaseous body including the water and gas which were taken
out is moved through a device for disposing exhaust gas 66 and
the vacuum pump 38 to a pellet heater 68. The pellet heater 68
is a heat exchanger. The warm gaseous body from the injection
molding apparatus is moved to the heat exchanger. On the other
hand, air in the atmosphere is moved to the heat exchanger through
a compressor (not illustrated). The air in the atmosphere is thus

heated to approximately 80 C when it passes the heat exchanger.

The warm alir is fed to the pellet storage tank 12. The interior

of the storage is heated to approximately 40 T by placing the
foregoing heat exchanger 68 in the storage. When air from outside
passes 1nside the storage, it is heated and moved to the heat ex

changer 68. It is preferable to place the vacuum pump, device for
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disposing exhaust gas, and compressor in the storage.

It is preferable to dispose harmful objects included in water
and gas in the warm exhaust gas using the device for disposing
exhaust gas 66 such as a filter before they get into the heat
exchanger. The purified warm gaseous body is deprived of heat by
the heat exchanger, and is discharged to the atmosphere. Undried
resin pellets are thus heated in the pellet storage tank. The
heated pellets are fed into the injection molding apparatus through

the pellet feeding passage. Heating pellets is especially

effective when undried resin pellets are used.

The heater of the pellet can be different in construction from
the foregoing heater. For exampie, the purified warm gaseous body
1s directly introduced to the pellet feeding passage. It is
possible to attach a heater such as a band heater to the pellet
feeding passage. The amount of water discharged when pellets are
heated by the heater 75 such as a band heater is smaller than the
amount of water discharged when melted in the injection molding
apparatus. The amouht of impure gas discharged by the former is
smaller than the amount of gas discharged by the latter.

The second pellet feeder 32 of copper in FIG. 2 composes a second
pellet heater. Warm gaseous body generated in the injection
molding apparatus 1is discharged to the atmosphere by the
decompressor. When the warm gaseous body passes the space between
the first pellet feeder 30 and the second pellet feeder 32, the

second pellet feeder 32 is heated by the warm gaseous body.

22

P AT PO PR - M T B v PR Qi i ALY § P B A AT MR M e 1) I S el SV LA e L A-..n-;-“nMmr)v-ﬂnmmwmﬂwmummmPMMnm~\~ s e o . - e Vi g,.s.,,“..;;_“,»WMWW,WWmmem“m.*‘MW"*m, AP S A g et P - oo remiaa bae. b



N DA S

Tt i YA Sl P PRk s <1 B b Yt SN

CA 02280818 1999-08-12

Consequently, pellets are heated while they pass the heated copper
feeder.

Next, melted resin injected from the injection hole of the
injection molding apparatus is injected into a die 70 placed
forward. The melted resin is hardened in the die 70, and an
injection molding product is formed. Most of the gas and water
in the injected resin are removed in the process melting in the
injection molding apparatus, but a part of the gas and water that
remain in the resin come into the die. In order to prevent water
and gas from sticking to the inside of the die, the die is connected
to th'e decompressor 38. Moreover, harmful objects discharged from
the die is caught by the filter 66, and the harmful objects are
removed. The decompressor compulsorily exhausts water and gas
discharged from the injection molding apparatus and/or water and
gas discharged from the die.

In this case, it is possible to use either the same vacuum
pump for discharging gas and water in the injection molding
apparatus or another vacuum pump. The vacuum pump removes water
and gas discharged from the injection molding apparatus and/or
the die under decompression. A pellet exhaust passage 71 is
composed by a passage through which water and gas removed from
the injection molding apparatus and/or the die under decompression
are discharged to the atmosphere.

FIG. 3 shows a schematic l1llustration of an injection molding

system /2. Plural injection molding apparatuses 26 are arranged
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in the illustration. Feeding pellets to each injection molding
apparatus 26 is cohducted by one central control device 74, which
controls the feeding amount, operation parameter of the injection
molding apparatuses, pressure for feeding, and heating control.
Thus the injection molding system is unmanned and automatized by
using one central control device.

The operation of the present invention is described below.

The resin pellets fed to the injection molding apparatus according
to the present 1nvention are undried pellets which are not dried
before they are fed to the injection molding apparatus. Instead
of undried pellets, commonly used dried resin pellets and recycled

resin can be used as the resin pellets.

In the present invention, undried resin pellets are fed into

the injection molding apparatus. The injection amount per unit
- shot, for example per one shot wherein excellent articles are
obtained varies due to the operation conditions such as the kind
of resin material used as raw material of pellets, feeding amount
of pellets, pellet temperature, and decompression degree under
which water and gas inside the injection molding apparatus are
discharged outside. In other words, the accumulation amount per
unlit shot of pellets fed into the cylinder of the injection molding

apparatus varies.

Undried resin pellets made of a kind of resin material is fed
into the cylinder of the injection molding apparatus and the

operation conditions such as the feeding amount of pellets, pellet
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temperature, and decompression degree are determined. In this
case, an accumulation amount, wherein pellets do not overflow from
the cylinder of the injection molding apparatus even when pellets
are successively fed into the injection molding apparatus, is fed
as one shot.

Next, injection is conducted using the accumulated pellets
for one shot. Then, the quality of the injected resin purge is
examined or evaluated. The examination is performed with a resin
purge injected after a predetermined time, for example 2 - 3 minutes ,
from the first injection of a resin purge is used. If an excellent
article is obtained in this examination, the operation conditions
for said feeding amount of pellets are determined. It is
preferable to gradually increase the determined accumulation
amount and obtain the threshold value of accumulation amount
between 1inferior articles and excellent articles. It is
preferable to gradually decrease the determined accumulation
amount and obtain the threshold value of accumulation amount
between inferior articles and excellent articles.

An accumulation amount between the determined accumulation
amount and the threshold value of accumulation amount is the best
accumulation amount. Operation conditions between the operation
conditions such as the pellet feeding amount, pellet temperature,
and decompression degree where the determined accumulation amount
is obtained and the operation conditions such as the pellet feeding

amount, pellet temperature, and decompression degree where the
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threshold value of accumulation amount is obtained are the best
operation conditions. That is to say, injection molding of
excellent articles is obtained when injection molding is conducted
with an accumulation amount between the determined accumulation
amount and the threshold value of accumulation amount. In this
caSe, the best accumulation amount includes the determined
accumulation amount and the threshold value of accumulation amount .
Injection molding can be therefore conducted with the determined
accumulation amount obtained in the foregoing evaluation without
obtaining the threshold value of accumulation amount.

As a result of the examination, the best accumulation amount
for a unit shot varies due to the operation conditions such as
the kind of resin material, feeding amount of pellets, pellet
temperature, and decompression degree. The best accumulation
amount 1is obtained by changing at least one of the operation
conditions such as the kind of resin material, feeding amount of
pellets, pellet temperature, and decompression degree.

In the case of certain operation conditions such as a kind
of resin material, a feeding amount of pellets, a pellet
temperature, and a decompression degree, the best accumulation
amount 1s in the cylinder (Case 1). 1In the case of other operation
conditions such as another kind of resin material, another feeding
amount of pellets, apellet temperature, and a decompression degree,
the best accumulation amount overflows the cylinder and comes to

the position of the pellet feeder. It is therefore necessary to
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conduct injection molding with the best operation conditions for
the best accumulation amount in order to obtain an excellent

molding product.

When an amount above the best accumulation amount of pellets
1s injected, the resin purge becomes inferior. It is therefore
important to control each of the operation conditions such as the
kind of resin material, feeding amount of pellets, pellet
temperature, and decompression degree not to exceed the best
accumulation amount. For example, when the decompression is at
least 300 Torr, the feeding amount is approximately 1g / sec -

approximately 7g / sec. When the decompression is at least 100

Torr and the heating temperature is 60 T, the feeding amount is

approximately 1g / sec - approximately 10g / sec.

A trouble often occurs in the driving process of the injection
molding apparatus. The accumulation amount of pellets sometimes
begins to increase above the best accumulation amount although
injectionmolding is conducted under the best operation conditions.
In such a case, the injection molding product becomes inferior
although the best accumulation amount of pellets is continuously
fed.

It 1s therefore necessary to control the accumulation amount
of pellets to be always in the best value of accumulation amount .
The accumulation amount of pellets is fundamentally controlled
as follows. The feeding 'amount of pellets is changed. The feeding

amount of pellets is fixed and the feeding time is changed. Feeding
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1s stopped and started. Or the operation conditions such as the

using a detector, for example a position sensor. At least one
detector is placed between the position of the determined
accumulation amount and the position of the threshold value of
accumulation amount. It is preferable to place the detector at
a position between the position of the determined accumulation
amount and the position of the threshold value of accumulation
amount. Or detectors are placed at the determined position of the
determined accumulation amount, the threshold value position of
the threshold value of accumulation amount, and a position between
these positions. It is preferable to decide the positions to place
the detectors flexibly owing to the best accumulation amount.
In the foregoing Case 1, the best accumulation amount is in
the cylinder. 1In this case, it is preferable to arrange the
detectors in the cylinder, but it is difficult to arrange the
detectors in the cylinder. The detectors are therefore placed at
the lowest portion of the pellet feeder, i.e. a place which is
near the feeding mouth of the cylinder and is assumed to be the
threshold value position of accumulation amount . When the
accumulation amount of pellets comes to the position of the
detector, feeding of pellets is temporarily stopped. When the

accumulation amount of pellets begins to be lower than the position,
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feeding pellets under the best conditions or feeding of an optional
amount 1is started.

In this case, said detector can be a counting sensor instead
of a position sensor. The counting sensor counts the number of
pellets passing a position in the pellet feeder in a unit time.
In this case, the number of pellets per unit time wherein the best
accumulation amount is obtained is determined beforehand, and when
the number of pellets fed in the cylinder is above the number,
the foregoing operation conditions are controlled to feed the best
pellet number in the cylinder.

In the foregoing Case 2, the best accumulation amount is in
the pellet feeder. 1In this case, the detector is arranged in the
pellet feeder. The detector is placed at a position between the
determined position of the determined accumulation amount and the
position of the threshold value of accumulation amount. Or the
detectors are placed at the determined position of the determined
accumulation amount, the threshold value position of the threshold
value of accumulation amount, and a position between these
positions.

In the former case, when the accumulation amount of pellets
comes to the position of the detector placed at the determined
position, the accumulation amount is controlled in the foregoing

fundamental controlling method. In the latter case, when the
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amount 1s controlled by the foregoing fundamental controlling
method.

Especially when the accumulation amount of pellets comes to
the position of the detector placed at the position of the threshold
value, the accumulation amount is controlled by temporarily
stopping feeding pellets, and feeding pellets under the best
conditions or feeding of an optional amount is started when the
accumulation amount of pellets becomes lower than said position.
In this case, it is possible to control the dccumulation amount
with either of the foregoing two detecting methods. It is possible

to use a counting sensor instead of a position sensor as the

detector in this case too.

In the foregoing case, when pellets accumulate above the
detector, the detector sends the information to the system
controller, and a signal of feeding control is sent from the
controller to the pellet feeding regulator. When this signal is
sent, the pellet feeding regulator changes the feeding amount of
pellets, fixes the feeding amount of pellets and changes the
feeding time, or temporarily stops feeding. Consequently,
pellets always accumulate at the best accumulation amount. The
system controller controls the operation conditions such as the
pellet temperature and the decompression degree to be in the best
conditions.

The process of determining the best accumulation amount per

one shot and the process of melting and injecting pellets of the
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apparatus respectively.

In injection molding, it is possible to use the recommended
value described in the specifications or the pamphlet or the value
obtained in an advance evaluation test instead of the values of
the best operation conditions such as the pellet feeding amount,
pellet temperature, and depression degree where the best
accumulation amount is obtained. In this case, 1t is possible to
inject using said recommended values, but it is preferable to
inject using the recommended value at first, examine the injected
product with the foregoing evaluation method, and as a result of
the evaluation, inject under the best bperation conditions. The
time to obtain the best accumulation amount and the best operation
conditions is shortened by using these known values.

As described above, the accumulation amount of pellets is
controlled for two purposes. One is controlling in order to
determine the best accumulation amount per unit shot for obtaining
an excellent resin purge. Another is controlling in order to make
the accumulation amount of fed Pellets always exist in the best
accumulation amount per unit shot. In controlling the
accumulation amount of pellets, for example, the foregoing pellet
feeding regulator controls the feeding.

When pellets are melted in the cylinder of the injection

molding apparatus, water and gas are discharged from the pellets.
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The present invention is composed to compulsorily expel the water
and gas to the atmosphere. These water and gas are discharged to
the atmosphere under decompression. Or these water and gas are
discharged to the atmosphere under decompression along with air
introduced from the atmosphere and an inert gas.

As described above, water and gas are discharged to the
atmosphere under decompression. When a rising current of water
and gas collides with dropping pellets, dropping of pellets is
disturbed. Therefore pellets of the determined feeding amount are
not fed to the injection molding apparatus. The present invention
is composed to prevent contact of dropping pellets and a rising
current of water and gas. A first area where rising water and gas
pass and a second area where dropping pellets pass are separated.
The first area where water and gas pass is connected to the
decompressor. The member forming said second area is longer than
the member forming said first area. This accurately prevents
contact and accurately feeds pellets of the determined amount to

the injection molding apparatus.

process of melting in the injection molding apparatus. A part of
the water and gas are discharged to the inner surface of the die
when resin is injected into the die. The present invention has
a structure wherein water and gas discharged from pellets in the

process of melting in the injection molding apparatus and water

and gas discharged to the inner surface of the die when resin is
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injected into the die are released. Furthermore, this invention
is provided with an apparatus to remove harmful objects in water
and gas at the gas exhaust passage where gas is discharged to the
atmosphere. Thus, harmful objects are not discharged to the
atmosphere. Therefore harmful objects such as objects that
generate dioxin included in resin are not discharged to the
atmosphere.

In case of using undried resin pellets, it is preferable to
dry pellets to some extent before feeding to the injection molding
apparatus. The present invention is provided with a heater which
utilizes hot gas discharged in the process of melting in the
injection molding apparatus. It is preferable to arrange first
and second heaters as the heater. The second heater is placed at
the pellet feeding passage at the injection molding apparatus side.

Pellets fed to the injection molding apparatus have cushion

pressure when compressed by the screw. It is possible to arrange

the range of fluctuation of the cushion pressure to be 5mm * 0.5

mm at most.

Pellets are automatically fed because the pellet feeding
passage 1s under decompression. Moreover, the pellet feeding
passage and the gas exhaust passage are connected to one
decompression system. This simplifies the pellet feeding and gas
exhausting system. '

Said method for injection molding according to the present

invention only needs to have each process. Therefore the order
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of each process is not 1limit

ed to this order, and it is possible to adopt various orders.

to the embodiments and covers various changes and modifications
within the spirit and scope of the invention.

As described above, the invention can be applied to not only
an injection molding apparatus wherein resin is melted in the
cylinder and injected from its end under pressurization but also

any apparatus which is not named an injection molding apparatus

wherein resin is melted in the cylinder and injected from its end

under pressurization.

The injection molding products include various molding

products such as electronic components and machine components.
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An injection molding system comprising:

an injection molding apparatus for feeding resin pellets into a

cylinder of the injection molding apparatus and i1injecting them with an

accumulated amount per unit shot;
a pellet feeder through which said resin pellets are fed into said

cylinder of the injection molding apparatus;

a gas exhaust passage for exhausting water and gas, discharged from

resin pellets melted in the cylinder of the i1njection molding apparatus,

out of the cylinder; and

a decompressor connected to said exhaust gas passage; characterized

in that:

sald pellet feeder has a double structure which includes
a first pellet feeder and a second pellet feeder placed in
sald first pellet feeder; and

sald first pellet feeder comprises sald gas exhaust

passage which is formed between the first and second pellet

feeders;
said first pellet feeder having an exhaust port which 1s

connected to sald decompressor;

said resin pellets are fed i1n and through said second
pellet feeder;
a gas feeder for introducing air or gas 1into said-

cylinder of the injection molding apparatus 1s provided;

whereby resin pellets fed in and through said second
pellet feeder are prevented from being 1in contact with water
and gas, discharged from resin pellets 1in the 1injection
molding apparatus and fed through said gas exhaust passage of

the first pellet feeder.

The injection molding system according to claim 1, characterized 1n

that:

the gas introduced into said cylinder by said gas feeder

1s an i1nert gas.
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3. The 1injection molding system according to claim 1 or claim 2,
characterized 1in that:

one end of the second pellet feeder juts toward the

injection molding apparatus beyond an end of the first pellet

feeder.

4, The injection molding system according to any one of claims 1 to 3,
characterized in that it further comprises:

a pellet heater, which 1s a heat exchanger, and 1s

constructed to utilize hot gas discharged in the melting

process in the injection molding apparatus in order to heat

the pellets fed into the injection molding apparatus.
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