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(54) INJECTION CONTROL APPARATUS
(71) We, THE BRITISH BATA SHOE

COMPANY LIMITED, A British Com-
any, of East Tilbury, Grays, Essex RM17
RL, do hereby declare the invention, for

which we pray that a patent may be granted

to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:

This invention relates to an injection
control apparatus.

More specifically, the invention relates to
an apparatus for controlling extruders used
to fill a mold or a portion thereof with a
predetermined quantity of a thermoplastic
material.

There are presently available many such
injection control apparatuses, for example,
those disclosed by U.S. Patents Nos.
3,647,309, which issued to R.H. Thompson
on March 7, 1972 and 3,865,528 which
issued to L.G. Roess on February 11, 1975.

The apparatus of the first mentioned U.S.
patent is intended to control moving parts of
an injection molding machine using sensing
potentiometers having sliding contacts
mechanically connected to the moving parts
for producing sensing voltages varying
linearly with movement of such parts. Re-
ference voltages are compared with the
sensing voltages to actuate solenoids or
other controls for initiating and terminating
various functions of the molding machine.

The Roess patent discloses an electronic
interpolator for effecting relative movement
between a die head and pintle to provide a
variable orifice through which extrudable
material is forced to form a parison of
controlled wall thickness. The patent con-
templates generating a continuously vari-
able signal by an electrical transducer slaved
to some movable element of the apparatus.
Two or more programs may be serviced by a
single electronic interpolator means for
simultaneous control of a corresponding
number of separate functions.

Even though such apparatus are avail-
able, there exists a need for a simple
injection control apparatus, which accurate-
ly controls the shot size, i.e. the quantity of
material dispensed by an extruder into
moving moulds during each extrusion op-
eration.

An object of the present invention is to
provide a relatively simple injection control
apparatus for effectively controlling the
quantity of material dispensed by an extrud-
er in accordance with a desired value,
commonly the volume of the mould cavity.

Accordingly, the present invention pro-
vides an injection control apparatus for
controlling the quantity of an extrudable
material dispensed by a metering device of
an extruder into a mould, the apparatus
comprising a code device for attachment to
the mould, the code device being indicative
of a desired quantity of extrudable material
to be dispensed into the mould, a sensing
device adapted to be triggered by the code
device when in proximity thereto to gener-
ate a code signal, means for producing a
reference signal dependent on the code
signal, transducer means for coupling to the
extruder metering device for sensing the
position thereof and producing a position
signal indicative of such position, and com-
parator means arranged to compare the
position signal and the reference signal to
produce a command signal for controlling
the quantity of extrudable material dis-
pensed by the extruder.

Unlike the prior art devices, the appar-
atus of the present invention employs a
single comparator for controlling a plurality
of shot sizes. Thus, the cost o efFectively
controlling injection is relatively low.

A specific application of the apparatus of
the present invention is in the injection
molding of footwear articles, or in the filling
of heel cavities in a slush molding process
using an extruder and related apparatus as

1 603 045

50

55

65

70

75

85



1,603,045 ' )

10

15

20

25

30

35

40

45

50

55

60

65

described in applicant’s copending United
Ki(r)lfdom patent application Serial No.
34022/78 Serial No. 2006086 filed Aug. 21,
1978. The apparatus in question includes an

. extruder rotatably mounted on a carriage

for movement towards and away from a
conveyor carrying a plurality of mold car-
riers, and molds on the carriers spaced
equidistant apart on the conveyor. A cam
device at the front of the frame supporting
the extruder and carriage causes the nozzle
of the extruder to follow a straight line path
of travel above the individual molds during
a heel filling operation. The nozzle of the
extruder dispenses a shot of thermoplastic
material downwardly into the heel cavity of
each mold during travel of the nozzle above
the mold. In order to prevent scorching of
the extruder barrel, it is essential to purge
the extruder when no mold is present on a
mold carrier, i.e. a dispensing step must
occur at frequent intervals. The apparatus is
also equipped with a piston/cylinder
arrangement for moving the carriage and
extruder rapidly away from the conveyor for
manual purging and shutting down of the
ap&z}lratus. o

hen using the injection control appar-
atus of the present invention in an extrusion
agparatus of the type described in the
above-mentioned application, the transduc-
er means is a linear transducer mechanically
connected to the screw of the extruder. The
code device is mounted on each mold
carrier, and the sensing device is mounted
on the frame of the slush molding machine.
Immediately prior to each heel filling opera-
tion, the code device on a mold carrier
comes into close proximity to the sensing
device, feeding a signal to the controller;
thus initiating an extrusion control-opera-
tion. The code device includes a plurality of
movable magnets, which are manually set to
indicate the size of the heel cavity. The
sensing device includes a plurality of sen-
sors, one for each code device, for providing
a signal indicative of the volume of the heel
cavity. Alternatively, a single set of magnets
is provided at a heel filling location, and
pre-settable cams are installed on each
carriage for operating selected of the mag-
nets. This reduces the cost of the a%paratus,
since only one set of magnets is used instead
of one set for each mold carrier.

After passing the code device, the mold
passes a photo sensor which detects the
position of the heel. A light source is
provided for intercepting the path of travel
of the heel of the mold. When the photo-
sensor is occluded by a heel, synchronous
movement of the extruder nozzle with the
mold is effected.

Regardless of whether a mold is present,
the extruder dispenses a shot ot thermoplas-
tic material. For such purpose, a separate

switch device is provided on the machine
frame downstream of the photo sensor in
the direction of travel of the molds and mold
carriers.. The switch device is actuated by a
mold carrier after it passes the photo sensor 70
to trigger operation of the extruder.

The invention will now be described in
greater detail with reference to the accom-
panying drawings, wherein:

Figure 1 is a schematic illustration of an 75
injection apparatus for filling the heel cavity
of an article of footwear, a preferred
embodiment of the injection control appar-
atus of the present invention being shown in
block diagram form; 80

Figure 2, which appears on three separate
sheets, is a circuit diagram of the injection
control apparatus of Figure 1; and

Figure 3, which appears on the second
sheet of drawings, is a layout of parts a, b 85
and ¢ of Figure 2.

With reference to Figure 1, the injection
control apparatus of the present invention is
intended for use with an extruder 1 for
injecting a shot 2 of thermoplastic material 90
into a mold 3 in the shape of a calf-length
boot for filling the heel cavity of the mold.
The mold 3 is mounted on a mold carrier 4,
which is connected to a conveyor (not
shown) for carrying molds from one proces- 95
sing operation to the next in a continuous
boot forming operation. Each mold carrier 4
is provided with a shot size code device 5,
which includes a plurality of movable mag-
nets 6. The magnets 6 can be set manually to 100
indicate the size of the mold 3 carried by the
carrier 4. In order to set the magnets 6, the
are rotated into or out of position on a shaft

As the mold 3 travels with the conveyor to 105
the heel filling location, the code device 5
comes into close proximity with a sensing
device 8. The sensing device 8 is a pluralit
of Hall effect switches 9, one for eac
magnet 6 of the code device 5. The extruder 110
is actuated by a photo-cell that detects the
position of the heel. A light source is
provided in the path of travel of the heel of
the mold for starting synchronous move-
ment of the nozzle device with the mold. At 115
least one of the magnets 6 is always in
position for sensing by a switch 9, to ensure
that the extruder 1 is programmed for
dispensing a shot of thermoplastic material
of predetermined size each time a mold 120
carrier 4 reaches the heel filling location.
Synchronous movement of the mold and
extruder is effected by a photo sensor (not
shown) which detects the position of a heel,
and the dispensing operation is initiated by a
separate switch (not shown) downstream of
the sensing device 8 and the photo sensor.
By dispensing a shot of thermoplastic mate-
rial at regular intervals, scorching of the
extruder barrel is avoided. If no mold 3 is 130
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present on the carrier, the shot of thermo-
plastic material is merely purged into a
waste receptacle (not shown). The amount
purged when a mold is not present is the
amount pre-set by the code device.

The sensing device 8 is connected to an
amplifier and controller 10 which stores the
code signal received from the sensing device
until required. A code signal from the
controller 10 is fed to a logic device 11 which
connects a control device 12 via the device
11 to a comparator 13. The control device 12
contains a plurality of potentiometers 14
only one of which is in use at any one time,
i.e. connected to the comparator 13. The
comparator 13 is also connected to a posi-
tion transducer 15. The transducer 15 is
mechanically coupled to the screw 16 of the
extruder for sensing the relative position of
the screw and feeding a position signal to
the comparator 13. The selection of the
potentiometer 14 in the control device 12 is
made by the code signal fed from the
controller 10. The position signal is fed from
the transducer 15 to the comparator 13 and
compared with a reference signal from the
control device 12 to cause the screw 16 to
move until the two signals are in balance.
When the signals are in balance, a command
signal is sent from the comparator 13 via an
amplifier 17 to a valve 18 for operating
motor 19 of the extruder to stop movement
of the screw 16.

Thus, the quantity of extrudable material
discharged by the extruder 1 during each
heel filling operation is accurately control-
led by the code and sensing devices 5 and 8,
respectively in conjunction with the trans-
ducer 15.

Referring now to Figure 2, the preferred
circuit of the injection control apparatus will
now be described. In the circuit of Figure 2,
five sensors A, B, C, D and E are employed
in the sensing device 8 for detecting the
presence of the movable magnets 6. In this
particular case, eight shot sizes are desired,
and thus the five sensors are utilized. The
eight shot sizes are achieved using the
sensors A, B, C and D singly, and in the
combinations AE, BE, CE and DE.

Since the circuit is in effect, repeated for
each sensor, only one complete circuit will
be described. Assuming that the sensor A is
energized by one of the magnets 6, a 14 volt
DC code signal is applied via conductor 20
to a programmable controller 10, which is
essentially a solid state relay logic system.
The code signal is stored in the controller 10
until reset by other signals within the logic
sequence of the apparatus.

While the code signal is present in the
controller 10, an output signal of 15 volts
DC is supplied to the logic device 11. The
signal is supplied to the coil of reed relay A’
at point A” to energize the reed relay A’

which closes both sets of normally open
contacts A, and A,. The contact A; con-
nects the wiping element 31 of potentio-
meter P; to the input of the comparator 13,
which is in the form of a null detector
circuit, via a normally closed contact F; of a
relay F°. A reference voltage supplied from
the null detector is fed to the potentiometers
P,, P,, P;, P, through normally closed
contacts E, of a reed relay E’. The signal
voltage level achieved from the setting of
the 10 turn potentiometer is then used as a
reference voltage that will be compared by
the null detector to the output of tge linear
transducer 15 connected to the screw 16 of
the extruder 1.

The moving element of the linear trans-
ducer, which is a rectilinear potentiometer,
is attached to the screw of the reciprocating
screw injection unit of the extruder in such a
manner that, as the screw moves back
during filling of the area in front of the
screw, the position signal voltage level of
the transducer 15 approaches that of the
reference signal voltage level from the ten
turn potentiometer. When the levels are
coincident, the null detector 13 provides a
15 volt DC signal which is fed into the
controller for preventing additional material
from entering the area in front of the screw
16. Thus, the shot size of the next shot to be
injected has been determined.

The potentiometers P; to P, are con-
nected via the normally closed contacts of
the reed relays E’ and F°. With this arrange-
ment, it is possible to obtain four separate
signal voltage levels from the potentio-
meters of the control device 12. Therefore,
depending on the sensor A-E energized, a
different shot size can be effected. By
simply energizing the sensor E, the reed
relays E’ and F° are energized to_open
contacts E,; and F; and close contacts E, and
F,. Thus, a reference voltage is supplied
from the null detector 14 to potentiometers
P to Py via contact E,. The signal voltage
level from the potentiometsrs Ps to Py is fed
through contacts A,-D,, depending on
which of the sensors A-D is energized. It is
now possible to effect eight different shot
sizes, which are controlled by the potentio-
meters P; to Pg of the control device 12.

It will be appreciated that the number of
different shot sizes can be increases simply
by the use of additional sensors, potentio-
meters and reed relays.

WHAT WE CLAIM IS:-

1. An injection control apparatus for
controlling the quantity of an extrudable
material dispensed by a metering device of
an extruder into a mould, the apparatus
comprising a code device for attachment to
the mould, the code device being indicative
of a desired quantity of extrudable material
to be dispensed into the mould, a sensing
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device adapted to be triggered by the code
device when in proximity thereto to gener-
ate a code signal, means for producing a
reference signal dependent on the code
signal, transducer means for coupling to the
extruder metering device for sensing the
position thereof and producing a position
signal indicative of such position, and com-
parator means arranged to compare the
position signal and the reference signal to
produce a command signal for controlling
the quantity of extrudable material dis-
pensed by the extruder.

2. Apé)aratus according to claim 1, in
which said reference signal producing means
includes a controller for receiving and stor-
ing the code signal.

3. Ap(faratus according to claim 2, in
which said reference signal producing means
further includes logic means connected to
receive the code signal from the controller
and a control device arranged to receive a
signal from the logic means to generate said
reference signal in response thereto.

4. Apparatus according to claim 3, in
which the control device includes manually
operable means for setting a value for each
code of the code device.

5. Apparatus according to any preced-
ing claim, in which the transducer means is a
position transducer for coupling to the screw
of an injection moulding extruder.

6. Apparatus according to claim 5, in
which the transducer is a rectilinear position
transducer.

7. Apparatus according to any preced-
ing claim, in which the comparator is a
voltage null point detector.

8. Apparatus according to any of claims
1 to 6, in which the comparator is a voltage
comparator.

9. Apparatus according to any preced-
ing claim, in which the code device compris-
es a plurality of magnets mounted for
connection to the mould, and the sensing
device comprises switches adapted to be
closed by preselected ones of said magnets.

10. An injection control apparatus sub-
stantially as hereinbefore described with
reference to and as illustrated in the accom-
panying drawings.

FITZPATRICKS
Chartered Patent Agents,
Warwick House,
Warwick Court,
London WCIR 5DJ
- and -

14-18 Cadogan Street,
Glasgow G2 6QW
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