2MBN 029 PCT TI- MICRO-TEMPERATURE CONTROLLER FIELD OF INVENTION 5 The application
relates to a temperature controller for mounting in a mould injection tool and to a method of use thereof.
In particular, tHe18ppléatiditielates to a temperature controller for obtaining a temperature signal of a
mould injection tool in order to control the temperature of the 10 mould injection tool and to a method of
use thereof. BACKGROUND US 6,312,628 discloses a method and a system for controlling 15 the

temperature of & FoRT EEMW&%&%&&EMH%cuon mould that has fluid channels formed therein. The

high temperature injection mould has an operating temperature above the boiling point of water. A flow of
either elevated pressure of lowpresgure cooling water is passed through the flu- 20 id channels in the
high temperature Injection mould for a limited duration during the moulding cycle to reduce the
temperature of the injection mould to a desired level. US 5,397,515 discloses a control system for

controllingsthe Po-tespperature: within-peocessapaghinafpsuah.as the feed assembly in an

injection-mouldin rgachin,e. The co téol,srysterg,providesla six-ppase pro%%s%forfstarting up a machine
from a cold cofhdition aitd for control Ing the %%:aéhqﬁetigr%peargﬁjre?o%tfréein a command temperature in a
rapid and accurate arannerr8whileddéntifying eontrollparameters ¢drrtise uhdes steadyestate conditions

to maintain th%gg@%@%@{%mpg@tyg% %%MMAB& gM%Np%%%E&E signal of a mould

injection tool in order to control the temperature of the

10 mould injection tool and to a method of use thereof.
BACKGROUND

US 6,312,628 discloses a method and a system for controlling
15 the temperature of a fluid cooled high temperature injection
mould that has fluid channels formed therein. The high tem-
perature injection mould has an operating temperature above
the boiling point of water. A flow of either elevated pres-
sure or low pressure cooling water is passed through the flu-
20 id channels in the high temperature injection mould for a
limited duration during the moulding cycle to reduce the tem-

perature of the injection mould to a desired level.

Us 5,397,515 discloses a control system for controlling the
25 temperature within process machinery, such as the feed assem-

bly in an injection-moulding machine. The control system pro-

vides a six-phase process for starting up a machine from a

cold condition and for controlling the machine temperature to

attain a command temperature in a rapid and accurate manner
30 while identifying control parameters for use under steady

state conditions to maintain the command temperature.

SUMMARY



2 The application provides a temperature controller module for an injection-moulding machine. The
temperature controller module comprises a resistor network and at least one analog 5 controller device.
The resistor neiidtk @Rat E6hprises a power supply terminal, a machine mode selector switch with at
least two machine mode selector positions, a matefial type selector switch with at 10 least two material
type selector positions, and an output terminal. The output terminal is connected to the material type
resistors. The power supply terminal is used for receiving a pre- 15 determined DC supply voltage. The
machine moderselegtariswitch ismused fdrdseleetivelyonnecting dthe tpowerssuppliyternifiat to one of two

or more variable, machine ade tesistars: Thematerial upe selectar auitch i used for selectively

connecting one of the variable machine mode resistors 20 to one of two or more material type resistors.
The output terfifieallis UsEBRfBE Providinta serssr Haeshbld saltie? Thecaralogrcorrotie? device
comprisessa sensartierminalga-threshold detector, an optical coupling device, an AC power 25 supply
terminal, a heater terminal, and an analog semiconductor power switch. The threshold detector comprises
a sample and hold input electrical circuit. The sensor terminal is used for receiving a sensor measure- 30
ment value. ThHénthresholklcdetettomis isethior recemingtire sepsorcthresipold wateeandsthe sensor

measurement yajue. Jhe optical coupling devige is-configured:such, that ihe threshold detegtor energises
the optical coupling device when the sen- 2MBN 029 PCT 3 sor measurement value exceeds the sensor
threshold valué STREACE goviertsupply térmimafis Gled 61retehing @h AT PGWel $GPpR The heater

terminal iusetfos praviding electrical pawerstola beatefoositions, and an output
terminal. The output terminal is connected to the material

type resistors.

The power supply terminal is used for receiving a pre-

15 determined DC supply voltage. The machine mode selector
switch is used for selectively connecting the power supply
terminal to one of two or more variable machine mode resis-
tors. The material type selector switch is used for selec-
tively connecting one of the variable machine mode resistors

20 to one of two or more material type resistors. The output

terminal is used for providing a sensor threshold value.

The analog controller device comprises a sensor terminal, a

threshold detector, an optical coupling device, an AC power
25 supply terminal, a heater terminal, and an analog semiconduc-

tor power switch. The threshold detector comprises a sample

and hold input electrical circuit.

The sensor terminal is used for receiving a sensor measure-
30 ment value. The threshold detector is used for receiving the

sensor threshold value and the sensor measurement value. The

optical coupling device is configured such that the threshold

detector energises the optical coupling device when the sen-



5 The analog semiconductor power switch is used for providing electrical power from the AC power
supply terminal to the heater terminal when the optical coupling device activates the analog
semiconductopaWep switehT The analog semiconduc- 10 tor power switch operates in an auto-triggering
mode while the AC power supply energies the anafbg semiconductor power switch. BRIEF
DESCRIPTION OF THE DRAWINGS 15 Fig. llllustrates an embodiment of an Improved tempera- ture
controller, Fig. ZuFaRs & URigraiif or s teriperaturs tontot Tt chit' o the t8mpsetHture Tohtroller of Fig.

1, ZQ Fig. 3lllustra§&sﬂaﬂimgr_ppipf aerﬁfer@mbeéle.mwatlﬂersejecﬁﬁntfrgu'ﬁmfme pe:mergture co_ntroller
of Fig. 1, Fig. 4lllustygtes,3 diggram of an erabodiment ol temper; 5 4ing AWEGSEASING device of

the temperature control 25circuit of Fig. 2, Fig. Slllustrates a diagram of another embodiment of the
temperature-s€R¥ing deéviée BRFIG2, Fig. 6lllustrates a diagram of a further embodiment of the

temperatuse-sensing device of Fig. 2, 30 Fig. 7lllustrates a diagram of an embodiment of an opto-
The analog semiconductor power switch is used for providing
electrical power from the AC power supply terminal to the
heater terminal when the optical coupling device activates
the analog semiconductor power switch. The analog semiconduc-
10 tor power switch operates in an auto-triggering mode while
the AC power supply energies the analog semiconductor power

switch.

BRIEF DESCRIPTION OF THE DRAWINGS

15
Fig. 1 illustrates an embodiment of an improved tempera-
ture controller,
Fig. 2 illustrates a diagram of a temperature control cir-
cuit of the temperature controller of Fig. 1,
20 Fig. 3 illustrates a diagram of a reference-temperature
selection circuit of the temperature controller of
Fig. 1,
Fig. 4 illustrates a diagram of an embodiment of a temper-
ature-sensing device of the temperature control
25 circuit of Fig. 2,
Fig. 5 illustrates a diagram of another embodiment of the
temperature-sensing device of Fig. 2,
Fig. 6 illustrates a diagram of a further embodiment of
the temperature-sensing device of Fig. 2,
30 Fig. 7 illustrates a diagram of an embodiment of an opto-

coupler of the temperature control circuit of Fig.

2,



coupler of the temperature control circuit of Fig. 2MBN 029 PCT 4 Fig. 8lllustrates another diagram of
another embodiment of the optocoupler of Fig. 2, Fig. 9lllustrates electrical waveform diagrams for a
TRIAC (Triode2fdpAltetAaiied Current) of the tem- 5perature control circuit of Fig. 2, Fig. 10illustrates a
front view and a side view of a cas- ing for the temperature controller of Fig. 1, Fig. 11lllustrates
different views of an injection- moulding machine with the temperature controller of 10Fig. 1, Fig.

12lllustrates a 'StRenfatic of'd LORIONEF Sy ST Bt INERETth teRNsaratdreSCotroiT bf Fig. 1, Fig.
13lllustrates a temperature graph«ofemotddiassembty bf an injection-moulding machine that uses the

con- 15troller systemgof Fig; 12, Fig. f4lllustyates,a heater siatus graphof the.mpyld gs-
TRIAC (Triode for Alternating Current) of the tem-
5 perature control circuit of Fig. 2,
Fig. 10 illustrates a front view and a side view of a cas-
ing for the temperature controller of Fig. 1,
Fig. 11 illustrates different views of an injection-
moulding machine with the temperature controller of
10 Fig. 1,
Fig. 12 illustrates a schematic of a controller system that
includes the temperature controller of Fig. 1,
Fig. 13 illustrates a temperature graph of a mould assembly
of an injection-moulding machine that uses the con-
15 troller system of Fig. 12,
Fig. 14 illustrates a heater status graph of the mould as-
sembly, the heater status graph is associated with
the temperature graph of Fig. 13,
Fig. 15 illustrates a temperature graph of an injection-
20 moulding apparatus, the temperature graph is asso-
ciated with the temperature graph of Fig. 13,
Fig. 16 illustrates a heater status graph of the injection-
moulding apparatus, the heater status graph is as-
sociated with the temperature graph of Fig. 13,
25 Fig. 17 illustrates steps for binning a finished parts pro-
duced by the injection-moulding machine of Fig. 11

using information from the controller system of

Fig. 12,
Fig. 18 illustrates a variation of the injection-moulding
30 machine of Fig. 11,
Fig. 19 illustrates another embodiment that is a variation

of the temperature control circuit of Fig. 2,



sembly, the heater status graph is associated with the temperature graph of Fig. 13, Fig. 15lllustrates a
temperature graph of an injection- 20moulding apparatus, the temperature graph is asso- ciated with the
temperature graffiNoPERy. AGT Fig. 16lllustrates a heater status graph of the injection- moulding apparatus,
the heater status graph is associated with the temperature graph of Fig. 13, 25 Fig. 17lllustrates steps for
binning a finished parts pro- duced by the injection-moulding machine of Fig. 11 using information from
the controller System?dF Figt ﬁ%ﬁfﬁ@ﬁuﬁi&t‘éﬁ%%ﬁaﬂ]@ﬁ’ of &' inféddrhiodiang'36machine of Fig.
11, Fig. 19lllustrates anotheriembodimenththatdsgevariation obthertemperatureccorttroligircuit of Fig. 2,
2MBN 029 PCT 5 Fig. 20lllustrates electrical waveform diagrams for a thy- ristor of the temperature

control circuit of Fig. 19, Fig. Z1lllustrates a further embodiment that is a varia- 5tion of the temperature
COﬂUOICWCNtéﬁP@.%} illustrates a further embodiment that is a varia-

5 tion of the temperature control circuit of Fig. 2,
Fig. 22 illustrates a variation of a comparator of Fig. 2
that includes a hysteresis module,
Fig. 23 illustrates a diagram of relationship between input
voltages and output voltages of the comparator of
10 Fig. 22,
Fig. 24 illustrates a variation of the comparator of Fig. 2
that includes a sample and hold module,
Fig. 25 illustrates a cross-sectional top view of an embod-
iment of an improved injection-moulding machine in
15 a first position,
Fig. 26 illustrates a side cross-sectional view of the in-
jection-moulding machine of Fig. 25,
Fig. 27 illustrates an expanded cross-sectional view of a
part of the injection-moulding machine of Fig. 26,
20 Fig. 28 illustrates a cross-sectional top view of the in-
jection-moulding machine of Fig. 25 in a second po-
sition,
Fig. 29 illustrates a side cross-sectional view of the in-
jection-moulding machine of the Fig. 28,
25 Fig. 30 illustrates an expanded cross-sectional view of a
part of the injection-moulding machine of Fig. 29,
Fig. 31 illustrates an embodiment of a pressure controller,
which shows another way of using the controller of
Fig. 1,
30 Fig. 32 illustrates an embodiment of a pressure sensor mod-
ule of a pressure sensor device for the pressure

controller of Fig. 31,



Fig. 22lllustrates a variation of a comparator of Fig. 2 that Includes a hysteresis module, Fig. 23lllustrates
a diagram of relationship between input voltages and output voltages of the comparator of
10Fig. 22, Fig.22®Nustiatesd variation of the comparator of Fig. 2 that Includes a sample and hold
module, Fig. 25lllustrates a cross-sectional top view of an embod- iment of an Improved
injection-moulding machine in_15a first position, Fig. 26lllustrates a side cross-sectional view of the in-

jection-mouldifig fachine of Fig S35 2GS 271ITUStRtes SntexPaded Brosscde &tiorfal VeWw bt a part of the
injection-moulding machine=efokigi 2én 20dfiga 28l lustrate® a-crosd<sectionaktopeiew of the in-

jection-moulding machine of Fig. 25 in a.second position. Fig- 29lllustrates a,side cross:sectional view of
the in- jection-moulding machine of the Fig. 28, 25 Fig. 30lliustrates an expanded cross-sectional view of
a machine of Fig. 33,
5 Fig. 35 illustrates a pressure controller for the injec-
tion-moulding machine of Fig. 33,
Fig. 36 illustrates a pressure sensor for the pressure con-
troller of Fig. 35, and

Fig. 37 illustrates a management system for an injection-

10 moulding machine.
DETAILED DESCRIPTION

In the following description, details are provided to de-
15 scribe embodiments of the application. It shall be apparent
to one skilled in the art, however, that the embodiments may

be practiced without such details.

Some parts of the embodiments, which are shown in the Figures
20 below, have similar parts. The similar parts have the same
names or similar part numbers. The description of one similar
part also applies by reference to another similar part, where
appropriate, thereby reducing repetition of text without lim-
iting the disclosure.
25
Fig. 1 shows a temperature controller 300 for adjusting vari-
ous temperatures of multiple zones of an injection-moulding
machine or a heating system of a tool. The temperature con-
troller 300 includes a control circuit 100 and a control cir-
30 cuit 100’, wherein both control circuits 100 and 100’ are
connected in parallel to a reference voltage supply 200.

Parts of the control circuits 100 are similar to parts of the



part of the injection-moulding machine of Fig. 29, Fig. 31lllustrates an embodiment of a pressure
controller, which shows another way of using the controller of Fig. 1, 30 Fig. 32lllustrates an embodiment
of a pressure séfi¥brta8drile of a pressure sensor device for the pressure controller of Fig. 31, 2MBN
029 PCT 6 Fig. 33lllustrates a cross-sectional top view of a further embodiment of an injection-moulding
machine, Fig. 34lllustrates a side view of the injection-moulding machine of Fig. 33, 5 Fig. 35lllustrates a

pressure controflF féHthe injfeet tiohShouldifg miafHing of g t332Efy. HBHiistratds H'pressure sensor for

the pressure cpniireller of Fig. 35, and Fig. 37Illustrates a management system for an injection-
10moulding machine. DETAILED DESCRIPTION In the following description, details are provided to de-
In use, the injection-moulding machine is used for shaping
5 molten resin material to from finished moulded parts. The
control circuits 100 and 100’ are used for controlling dif-

ferent zones or areas of the injection-moulding machine.

The temperature controller 300 is provided in a housing hav-
10 ing thermal-insulating properties such that the parts of the
temperature controller 300 are shielded from environmental

conditions of the injection-moulding tool.

In a generic sense, the temperature controller 300 can in-

15 clude more control circuits if additional zones for tempera-
ture control are desired. The single reference voltage supply
200 can provide a reference voltage for one or more control

circuits.

20 The parts of the temperature controller 300 are described be-

low in more detail.

Fig. 2 shows the temperature control circuit 100 of the tem-
perature controller of Fig. 1. The control circuit 100 com-

25 prises a control circuit connected to power circuit.

The control circuit includes a voltage comparator 12 that is
coupled to an optocoupler 28 while the power circuit includes
a TRIAC (Triode for Alternating Current) 34 that is coupled
30 to the optocoupler 28. The optocoupler 28 is also known as an
optical coupler while the TRIAC 34 is also known as a bidi-

rectional triode thyristor or a bilateral triode thyristor.



15 scribe embodiments of the application. It shall be apparent to one skilled in the art, however, that the
embodiments may be practiced without such details. Some parts of the embodiments, which are shown in
the Figures 20B&IBwW haveSimilar parts. The similar parts have the same names or similar part numbers.
The description of one similar part also applies by feference to another similar part, where appropriate,
thereby reduciﬁg repetition of text without limiting the disclosure. 25 Fig. 1 shows a temperature controller

300 for adjustingVafoustemeraRies SFmiftiplé 2oABs ot Yrrinjeioh rbuldihg machi@ 6r a heating
system of a toob Thentempenaturengantrelier 300 Hcludes ascontrol @ircuittl @0 and . cantsol cir- 30cuit

100", wherein hoth contral,cirgyits 100, and 100; aye conpected in.paraliel to.g reference voltage supply
200. Parts of the control circuits 100 are similar to parts of the 2MBN 029 PCT 7 control circuit 100'. The

similar parts afdéR6tetPwitRZPBAMe? 1A USeS the hjeeior-héudingimachire sl tsed for shaping 5
molten resin matedal tockipmifinished raguldedparts Hheicantrekeisewts 200 aneht@@'are used for
controlling dif- 1Ierenghzones or areafﬁloflthebgnjection-moggjin% machine. The tgm terature cgontroller 300 is
provided in a hoOL%eTng %5y_1 ?Loplﬁéef eremal-|n%ﬂ?afﬁﬁegﬂf)ropeertieémsqaacﬁ‘%ﬁz(it‘E thoeupgr S df the ]temperature
controller 300 are shietded fmone epwironnentaheorditions oF the irjettion-mMmaglding toci thma generic
sense, the temperature controller 300 can in- 15 clude more control circuits if additional zones for
temperature control are desired. The single reference voltage supply 200 can provide a reference voltage
for one or more control circuits. 20 The parts of the temperature controller 300 are described below in
more detedl. The optocoupler 28 includes an input pin 26 and an electrical

ground pin 27 as well an emitter output pin 30 and a collec-
tor output pin 31. The optocoupler input pin 26 is connected

to a cathode pin 29 of the LED 24.

15 The TRIAC 34 has a gate pin 32, a Main Terminal One (MT1l) pin
44, and a Main Terminal Two (MT2) pin 46, wherein the gate
pin 32 is connected to the optocoupler emitter output pin 30.
The MT1 pin 44 is connected to the optocoupler collector out-
put pin 31.

20
In practice, the inverting input pin 14 of the voltage com-
parator 12 is connected to a temperature-sensing device 40
that is attached to a part of an injection-moulding tool or
machine, which is not shown in Fig. 2. The temperature-

25 sensing device 40 has a positive temperature coefficient,
wherein it produces an electrical voltage that increases when

temperature of the temperature-sensing device 40 increases.

The injection-moulding tool is also known as a mould injec-
30 tion tool or a moulding injection tool. The tool is also

known as tool or machine. The non-inverting input pin 16 of

the voltage comparator 12 is connected to a reference voltage

supply 200. The MT1 pin 44 of the TRIAC 34 is connected to an



Fig. 2 shows the temperature control circuit 100 of the temperature controller of Fig. 1. The control circuit
100 com25 prises a control circuit connected to power circuit. The control circuit Includes a voltage
comparator 12242k i9é8upled to an optocoupler 28 while the power circuit Includes a TRIAC (Triode for
Alternating Current) 34 that is coupled 30 to the optocoupler 28. The optocoupler 28 is also known as an
optical coupler while the TRIAC 34 is also known as a bidirectional triode thyristor or a bilateral triode
thyristor. 2MBRN 028 PET B ThBY/SHagESComMpBAAIRF 12a 8n ifverting ilﬁﬁét Bift'14 @nidta non-inverting
input pin 16 ascwell &sIaw osifputspinckd eldies dutputpih d8tis:cahmected te aibCe®itent-Current) power
source 36 throMng%E%%st'&\é%fgpacitive (RC) circuit 23, 5 which comprises a capacitor 20 and a resistor
22 connected together in parallel. Moreover, the comparator output pin 18 is also connected to an anode
pin 25 of a LED (Light Emitting Diode) 24. 10 The optocoupler 28 Includes an input pin 26 and an

electrical ground pin27asmellan emittesgutpLit pin 30 and acallgsterioutput pir3indhe optocoupler
input pin 26 is connected to a cgthode P'n 29 of the LE[%AEF .15 The TRIAtC 34 hasfaagoate in 32, a Main

Terminal One ?I\?I]I'fj‘b(i:nr 427500 & Main ermiRal TWo ( aﬁina46r,GV\S/ﬁ5re‘?rr11 te <g)]ate p‘l)ﬁ1 2 is connected
to the optocouplet emitter dutput Fine3@.cNie MPL pimddus connediedtoithgreptocoupter collector output

pin 31. 20 In pragtice, the jnvesting input pip4.ohihe.yokage comparatar 12 is connected to a

temperature-sensing device 40 that is attached to a part of an injection-moulding tool or machine, which is
not shown in Fi§.°2. Pe ¥&Mperdtute 25 sending’devicE™d RBS ACPUSIiTE téMperattife toefficient,
wherein it producescan etectecalivltagesthat tncreases shen temperatvse of te temperature-sensing

device 40 Increasgs. The injedionmoulding 1ol i also known s a mould inje- 30,tion opl or a

n_
moulding injecvtvion tool. The tool is also kriown as or machine. The non-inverting input pin 16 of the

voltage compadraforal Zisteorinetted o areferdhcelfvaltaye sdpply200. THI@ R4 EE pin 44 of the TRIAC 34
is connected to an 2MBN 029 PCT 9

Operationally, the temperature control circuit 100 is used

15 for adjusting the temperature of the injection-moulding tool.
In other words, the control circuit 100 serves a temperature
controller of the injection-moulding tool. Specifically, the
circuit 100 is used to adjust the temperature of a plastic
moulding material that is provided within the injection-

20 moulding machine as well as adjusting the temperature of cer-
tain machine components of the injection-moulding machine,
such as its mould injection nozzle. The moulding material is
also known as a moulding resin material. The temperature ad-
justment is often done such that the moulding material is in

25 a molten state. The mould injection nozzle feeds the molten
moulding material to runners of a moulding assembly, wherein
these runners channel the received molten moulding material
to a mould cavity of the moulding assembly for shaping the
moulding material to produce a desired part.

30
The moulding material includes thermoplastic material or
thermosetting material. The thermoplastic material, also

known as thermo-softening plastic, refers to a polymer that



AC (Alternating Current) power supply 48. The MT2 pin 46 of the TRIAC 34 is connected to a heater 50 of
the injection-moulding tool. 5 In one example, the capacitor 20 has a capacitance of about 0.1 microfarad
and the resistotMBNhas 4 r&sistance of about 4.2 kilo-ohms. The collector output pin 31 and the emitter
output pin 30 of the optocoupler 28 has a potentialdifference of about 0.9 volts AC when the optocoupler
28 it is in 10 the ON state and a potential difference of about 230 volts AC when the optocoupler 28 it is in

the OFF state."THE TRIAC 34 HH5 4 gAtE Turt G Thrrent of Abdtit 22 miffibiisereS - ®perationally, the
temperature contsal circiitdOB i tsed A5-foy adjustingthentemperatureof thesingection-houlding tool. In

other words, the. ¢anol gey 100 serves ademperatyre contraller of the imjegtiopumauiding tool
Specifically, the circuit 100 is used to adjust the temperature of a plastic moulding material that is

provided withirt #¢ ifjééioi-220 nidulding Ridehife as WelFas agfisthtptheltempératdre dPcertain

machine components e thedinjection-moldding-maching isuech-as its mould ipjectionsnezzlenThe moulding
material is also known as a rgoulding r%sin material. Thg tem er%urgoaijdj stment ig often done such that
Zle

the moulding matsrial i< 95 d'folten State- T Aout l|r¥jec io8 ‘hoz eeds the r%%ﬁéﬁsmoulding

material to runbersefh moalding essenddy,bwhereinthese ranners-charneithe yecewed molten moulding
material to a maquld cayity of the moulding, agsembly forshaping the moulding material to produce a

desired part. 30 The moulding material includes thermoplastic material or thermosetting material. The
thermoplastic material, also known as thermo-softening plastic, refers to a polymer that 2MBN 029 PCT
10 turns to a ligyidewbendeatedmans- turng 40 @glassy statetnbencodtad suffictenthys Therthermoplastic
polymers can Q% meé\léerc\I] gndtt%e mooyulg:ed 58@%%%69% Igr?ctoengEaSstb tpe tgre{@osettm%(rendatgrsigl, also known
as a thermo-set ﬁastlc, refers 10’5 a p(ﬁymer material that irreversibly cures’ The cure is often done
through heat thatdis generally abover20Gdegree Cetsigs ahpchigh acclisrhical feactionidach as a two-part

epoxy, or throygh iradiatian suchas-electionReamprocessing: 49,An accyratedemperature control of
the moulding material often serves to reduce aesthetic defects of parts produced usigg the moulding

O

;

material. Thes&'dBstH&RE defects AUuBE TSN ELS HEOPE(Hifmehsions, SWAPPIRS, Sr Y surface
finishing 1Certaiatplasticemaidingdnatenial ssuciuas Rolya- 15 cetal] muays everdecompaese-such that it

explodes whe@) its temperatuye falls outside of it§tosoe58ggg@ggerg%%r_ring to the voltage comparator 12,

it provides analog to

Referring to the voltage comparator 12, it provides analog to
digital simple conversion. The inverting input pin 14 re-

20 ceives a temperature reading or a temperature signal from the
temperature-sensing device 40. The non-inverting input pin 16
is used for receiving a reference voltage signal from the
reference voltage supply 200. The reference voltage supply
200 often includes a reference-temperature selection circuit

25 that provides different reference voltages according to a us-

er temperature selection.

The voltage comparator 12 compares the voltage of the input
pin 14 against the voltage of the input pin 16 to produce a
30 voltage on the output pin 18 in accordance to the comparison.
The voltage comparator 12 has an open collector output tran-
sistor that is connected to the output pin 18. The collector

of the transistor 1s connected to the RC circuit 23 while the



digital simple conversion. The inverting input pin 14 re- 20 ceives a temperature reading or a temperature
signal from the temperature-sensing device 40. The non-inverting input pin 16 is used for receiving a
reference voltad@¥igha? froet the reference voltage supply 200. The reference voltage supply 200 often
Includes a reference-temperature selection circuit 25 that provides different reference voltages according
to a user temperature selection. The voltage comparator 12 compares the voltage of the input pin 14
against the voftdge bf the pdtpin 1% (o prodlcea 30VBiRGE o thé butdGtPih 1Bih accordance to the
comparison. TheauwltdgeIlcomparater i2rhgsnan gperheolieciors output ramsistos that iswcohnected to the
output pin 18. Ilgerceoélleg%rrqf the transistor is connected to the RC circuit 23 while the 2MBN 029 PCT
11 emitter of the transistor is connected to an electrical ground. In this arrangement, the resistor 22 acts
as a pull-up resistor. 5 When the moulding material in the injection-moulding tool is not heated up

sufficiently, thevteraperature-sensing deviee Ad pravides a temperatinereading valuethat is lower than
the voltage signal vgluetofdthe referfep,ce,voltah e s%%ply 200. Thi% causes the output transigﬁor of the
comparator 1208bE 105 an off State’ HERD allowi%gttﬁrélpoeu]iﬁufl 6% 816 b?g\,ﬂ%val ﬁlegh- evel voltage.
The high-levelvoitagess generatenrby arfow of @lectricall.cerréhefronsthecd «olts G source 36 through

the resistor 22, The_electrica), cyrrent also.flows thrquah, the LED.24. through the, inpyt pin 26, through and

to 15 the ground pin 27 of the optocoupler 28 and to an electrical ground. This current flow through the
LED 24 also ehBrgiz& 1€ £ EB' 24 WhH prdidéed ahasibRF indiCatioir it the TRIAC 3458 activated. 20
In contrast, when the mofilding teateriad ik the Hjectiamsnadingitooh basireacheddhe desired
temperature or, hdg% egcgg:d d ltggfedlesirefjttem er, turenhth% temperature-sensing device 4Q provides a

1Y)

temperature rea Ing va ue'that 1s equ%?to or that is higher than the reférence-vo tagg%ngig%al value. 25

This causes thedoditput trahgisteif ofthcéarhpatator 12etothe iPontstated wisich TaiSesahe Gutput pin 18 to

provide a low-lgyel voltage. the electricalcursent fram theldC seuwce36-flaws thiough the,tesistor 22,
through the collector of the output transistor, throug% the emitter of the transistor and 30 to the electrical

ground, wherel & 8lectiCal ditffrent d e REEEN&RYize IR EED B4 At tHe Sptddotipier2B.

15 the ground pin 27 of the optocoupler 28 and to an electrical
ground. This current flow through the LED 24 also energizes
the LED 24, which provides a wvisibly indication that the
TRIAC 34 is activated.

20 In contrast, when the moulding material in the injection-
moulding tool has reached the desired temperature or has ex-
ceeded the desired temperature, the temperature-sensing de-
vice 40 provides a temperature reading value that is equal to
or that is higher than the reference-voltage signal value.

25 This causes the output transistor of the comparator 12 to be
in on state, which causes the output pin 18 to provide a low-
level voltage. The electrical current from the DC source 36
flows through the resistor 22, through the collector of the
output transistor, through the emitter of the transistor and

30 to the electrical ground, wherein the electrical current does

not energize the LED 24 and the optocoupler 28.



2MBN 029 PCT 12 In one example, when the output transistor of the comparator 12 is in the off state, the
output pin 18 has a potential of 1.5 volts and electrical current of 8.6 milliamperes flows from the DC
source 36 to tH¥BED24. WiHen the output trans's- 5 tor of the comparator 12 is in the on state, the output
pin 18 has a potential of 0 volts and electrical currént of 0 milliamperes flows from the DC source 36 to
the LED 24. The optocoupler 28 is used to couple electrical signals from 10 the voltage comparator 12 to

the TRIAC 34 G8iritf'&n OpHLRI fredfisWhitd provibity eletiical idGatioh betveeRthens iR particular, the
optocoupler 28 i5 erergizethwhenftheteleetrical cument fronp the 1LEM 24 flows te the eaptacoupler input pin

26 and to the qpigoguplet argynd pin 27, The flow alsg 15 2llows sleciicgl sutentfiay the AC power

supply 48 to flow from the optocoupler-collector output pin 31 to the optocou- pler emitter output pin 30 to

energise the TRIAT 34eTRe optoesEpléPr 284s Sefected stith thaethe bfeakddwit vbitageé ietween the

collector output pin 31 angd the gpittereutput 205piny3Q isable torwithstangthengitage-ofithe AC power
supply 48. Thgf A%gog/ver stueprptq 418 %ré)vg)desoﬂesrnatigg ellteactrical cilrrents of 240 valts. In other words,

the movement'of eld&tric 35 &hifrent periodically TeVerses diretion: he TRIAE 34 3tte'as a pair of

thyristors connectéd amaatiqrarallelwith mosingleegate tevniral. Ah anodé of tA@fikst thyristor is connected
to a cathode of the second thyristor 30 while a cathode of the first thyristor is connected to an anode of
the second thyristor. The thyristor here refers to a reverse blocking triode thyristor and is also known as a

silicon controllé8GeHfiéiC THe thriéforacts 2eswiteh B3 2MBNTZY PET 18 dRMWs crdiiction of
electricaticurrertt drom itsaarodeterainabto it cathadesterminal Wwhen dtsrgatertesmpinaldeceives a
triggering signal. In shoft, fhe TRIAG,33 adls 833 sQlid-stats switchingdevice: S em. 1n
particular, the optocoupler 28 is energized when the electri-
cal current from the LED 24 flows to the optocoupler input
pin 26 and to the optocoupler ground pin 27. The flow also
15 allows electrical current from the AC power supply 48 to flow
from the optocoupler-collector output pin 31 to the optocou-
pler emitter output pin 30 to energise the TRIAC 34. The
optocoupler 28 is selected such that the breakdown voltage
between the collector output pin 31 and the emitter output

20 pin 30 is able to withstand the voltage of the AC power sup-
ply 48.

The AC power supply 48 provides alternating electrical cur-
rents of 240 volts. In other words, the movement of electric

25 current periodically reverses direction.

The TRIAC 34 acts as a pair of thyristors connected in anti-
parallel with a single gate terminal. An anode of the first
thyristor is connected to a cathode of the second thyristor
30 while a cathode of the first thyristor is connected to an an-
ode of the second thyristor. The thyristor here refers to a
reverse blocking triode thyristor and is also known as a sil-

icon controlled rectifier. The thyristor acts a switch that



The TRIAC 34 operates between an off state and an on state. In the off state, essentially no electrical
current flows be- tween the MT1 pin 44 and the MT2 pin 46. In the on state, electrical current can flow
between the MMBRin44 arfdlthe 10 MT2 pin 46 in either direction while an external circuit that is
connected to the TRIAC 46 limits the flow of this elettrical current. A flow of electrical current to or flow
the gate pin 32 ii- 15 tiates a latching mechanism within the TRIAC 34 such that the TRIAC 34 is in the on
state. This latching HrecHAHISR S Hls§ knBwhtas Higderfitt, s o State bf the' RIAES34 Continues even

when the flow o gletricalcureentidodhegaiempin 32nsremaverh tehis €ontinaes itk the yollage across

the MT1 20 pir%fffg%édf%eg'\@ﬁ%ﬁgh% fgllssgg@?v are-determingd threshold value, The electrical current
is permitted to flow betweén the AC power supply 48 and the gate pin 32 when the comparator 12 25

energizes the 8pficdupler 28 lipdcsifrasiethe electrical current flowing between the MT1 pin 44 and the
MT?2 pin 46 carries electrical energy from the AC power supply 48 to the heater 50 via the triggered
TRIAC 34. TheTQeatTerI%% igl}urn, thegé)rovidgs thermal e?de:rgsyttotthe in'ection-mouldigg tool 30 and to
the moulding material causing f?i%et%%pg’ra Gre"6f the Mo ing material to TRcreasa for achieving its
desired tempefaturé.c 2MBN=029 PCE $4dntorel éxample o the teraperature gontrobeisclie 100, the
TRIAC 34 conirpls.the AC pawepsypply 48 thatis capabls of providingabout, 1090, watts and more of

electrical power. 5 Fig. 3 shows the reference voltage supply 200 of Fig. 1. The reference voltage supply
200 has a resiStot Hetwork with S\witch&s ford t¥e P86t Féferéiice PoRagés 2e téference voltage
supply 200 InchidesaD@ powersauee 11 62dbabis connected te-apaiiOf paralielresistive trimmers 64

and 66. The resistive trimmer, 64 an% 66, e %ls%mf)wn as valgiabkel resist rs The pair of trimmers 64 and
: ted tqQ. the. qﬁﬂ A £ h =
66 is connecte%zlstocél3 %?s,etcsvﬁtch 88, which is connectég n ?urn t% a s%véoﬁg swnlc% %ﬁ,ev(f/ ]érleln the second
switch 70 is cophkected 168116 -a plurality 82 of resistors. An output pin 84 is connected to the plurality 82 of

resistors.

A flow of electrical current to or flow the gate pin 32 ini-

15 tiates a latching mechanism within the TRIAC 34 such that the
TRIAC 34 is in the on state. This latching mechanism is also
known as triggering. This on state of the TRIAC 34 continues
even when the flow of electrical current to the gate pin 32
is removed. This continues until the voltage across the MT1

20 pin 44 and the MT2 pin 46 falls below a pre-determined
threshold value.

The electrical current is permitted to flow between the AC
power supply 48 and the gate pin 32 when the comparator 12

25 energizes the optocoupler 28. In contrast, the electrical
current flowing between the MT1 pin 44 and the MT2 pin 46
carries electrical energy from the AC power supply 48 to the
heater 50 via the triggered TRIAC 34. The heater 50, in turn,
then provides thermal energy to the injection-moulding tool

30 and to the moulding material causing the temperature of the
moulding material to increase for achieving its desired tem-

perature.



One end 86 of the first trimmer 64 is connected to the DC power source 62 whilst another end 87 of the
first trimmer 64 20 is connected to an input node 89 of the first switch 68. Similarly, one end 90 of the
second trimmet68lis'édhiécted to the DC power source 62 whilst another end 91 of the trimmer 66 is
connected to another input node 92 of the first swit¢h 68. 25 An output node 93 of the first switch 68 is
connected to an input node 95 of the second switch 70. The second switch, 70 has further output nodes

97, 98, 99, 102,103 it 188 Bath Jf'the 'GUEBGEAGHES 97°087 89, $62°163, 4R 104 connect- 30 ed
to the plurality B2refre3istors) twhith intledes apresistos 72y ayresistonZ4, agesisteivle, a fesistor 78, and

a esistor 80. Thes (e5/1015,72, 74,76, 78, a0d S0,hvs o 2B 029 PCT 15 ferent resistive values

for providing different reference voltages. One end of the resistor 72 Is connected to the node 98 whilst 5
another end of the resistor 72 is connected to the output pin 84. In a similar manner, one end of the

resistor 74is cenpectedtothe nade Q9-whilst-aneiber £nd efitheiresisior &4 is cgnnecteehto the output pin
84. One end of thfe resistor 76 ig connected to %% node 102 Whils%anothetr end of the resis- 10 tor 76 is
connected to thé oeu]fﬁlr}fc Sinvé)i Ofe et B the residtar 78 i Connected to e fodé 103 whilst another
end of the resistortZ81sscormected 36 thé outputtpin 84 fBnererrl obthearesistor 80 is connected to the
node 104 whilst another end of the resistor 80 is connected to the output pin 84. 15 The output pin 84 is

also connected to one end of a resistor 106 whilst another end of the resistor 106 is connected to an
electrical ground 26 Tserationally, thedeferarieeX oty e §6uree20 phoviBey ah &djistable and
switchable voltegerdiyider struatues: dde autputyn 84ds useekfor providing aireferencenvoltage signal.

The first and sggond éri@gnel;lshm and.GQ servehas var- 2% j}able f(e istors Wit@ a pti(edetermined range of

. arn . € resils ve rimmer an are, also nown as .
resistance values, wherein a user may adﬁust the resistance value for caﬁlbratlng purposes. The first
switch 68 is used-forielectrically tonfectifg tigir of trimmers 64 and 66 is con-

nected to a first switch 68, which is connected in turn to a
second switch 70, wherein the second switch 70 is connected
15 to a plurality 82 of resistors. An output pin 84 is connected

to the plurality 82 of resistors.

One end 86 of the first trimmer 64 is connected to the DC
power source 62 whilst another end 87 of the first trimmer 64

20 is connected to an input node 89 of the first switch 68. Sim-
ilarly, one end 90 of the second trimmer 66 is connected to
the DC power source 62 whilst another end 91 of the trimmer
66 is connected to another input node 92 of the first switch
68.

25
An output node 93 of the first switch 68 is connected to an
input node 95 of the second switch 70. The second switch 70
has further output nodes 97, 98, 99, 102, 103, and 104. Each
of the output nodes 97, 98, 99, 102, 103, and 104 is connect-

30 ed to the plurality 82 of resistors, which includes a resis-
tor 72, a resistor 74, a resistor 76, a resistor 78, and a

resistor 80. These resistors 72, 74, 76, 78, and 80 have dif-



30 node 93 to one of the nodes 89 and 92. Similarly, the second switch 70 is used for connecting the
node 95 to one of the nodes 97, 98, 99, 102, 103, and 104. 2MBN 029 PCT 16 One of the first trimmer
64 and the secoffNtridfher @6 with one of the resistors 72, 74, 76, 78, and 80 together with the resistor
106 act as a voltage divider for stepping down thedoltage of the DC power source 62 to provide the
reference 5 voltage signal of the output pin 84. In one possible method of using the reference voltage
supply 200 is d&scibed GELW: A tisér adfists tHe Pesidthtadvaiuds of thé trimhTérs6£ and 66 such that
these trimmers/64t@ancb66 10 have the desired resistance values. The user then rotates the first switch 68
according to different modes of plastic specification. The first switch 68 is rotated such that the node 93 is
connected to the node 89 15 that is connected to the trimmer 64 when the injection-moulding tool is in a

standby or waiting ribdeC i tHewsitiig rfote’ thé fnjeeiiormediditg to6 rares the tehigerature of resin
material, which ifcontains, gueh thatthesesin niates riakisysadydode vsedprodueipgimeuided parts. In
con- 20 trast, t g fir%t switch 6.81is rotated such that th% nogle %3 IS conn%cted7t2 the node 92 that is
connected to the trimmér 66 Whéi the' Pnrjl&]:ftior?-rrlneoﬁalngotoo? iSin a ?&ﬁnfﬁﬁ or oﬁesra?l(r)]ré mode. 25 After
this, the user rotates dhe secbadrswitcP95dccordingrtottype ofmowldind:materdaktised it the

injection-moulding maghine. Put ditferently, the ngde 95,0f e.second, switch 95 connectstg one of the
nodes 97, 98, 99, 102, 103, and 104 according to the tyi)e of moulding material used. 30 The output pin

84 provides a refefeRtEFoRaye Actofling s tHe colihecitd 8reéketed tiimfersss 6£84%nd according
to the conoected resistars ¥4 QX A0, 103 asdift pin 84. One end of the re-

sistor 78 is connected to the node 103 whilst another end of
the resistor 78 is connected to the output pin 84. One end of
the resistor 80 is connected to the node 104 whilst another
end of the resistor 80 is connected to the output pin 84.

15
The output pin 84 is also connected to one end of a resistor
106 whilst another end of the resistor 106 is connected to an

electrical ground.

20 Operationally, the reference voltage source 200 provides an

adjustable and switchable voltage divider structure.

The output pin 84 is used for providing a reference voltage

signal. The first and second trimmers 64 and 66 serve as var-
25 iable resistors with a predetermined range of resistance val-

ues, wherein a user may adjust the resistance value for cali-

brating purposes.

The first switch 68 is used for electrically connecting the
30 node 93 to one of the nodes 89 and 92. Similarly, the second
switch 70 is used for connecting the node 95 to one of the

nodes 97, 98, 99, 102, 103, and 104.



2MBN 029 PCT 17 In short, the combination of one of trimmers 64 and 66 as well as one of resistors 72,
74,76, 78, or 80 is intended to provide a reference voltage for the voltage comparator 12 of 5 Fig. 2. The
reference voltag&tofte8pBAds to a particular mode of an injection-moulding tool and to a type of
moulding material used by the injection-moulding tool. Any resistance deviation or variation of the
resistors 72, 10 74, 76, 78, or 80 can be eliminated by adjusting the values of the trimmers 64 or 66. A

user may meaSlife e Vaftie§'dithe tirErs 84 &ty 66 t5gEther Wit the Rssist8Ps 72524, 76, 78, and 80
using a multi-meter o5 thonesexamplesofithe referernce Veltagesupplyt20@,t Hee- DG ppwetsource 62

provides about a voltage qf3;valts with an @&EH%%’ 9f; 1% thecresistive rimmer 64 hag a variable
resistance ranging from 0 ohms to 100k ohms, 20 -the resistive trimmer 66 has a variable resistance
ranging from OV6RH330 FOOK-BRNMSS the'esister72has’a value 67196 kilbsoinsetRe tesistor 74 has a
value of 169 kilgrohms sidheresistemé6 bassvalenofsh37 kilo-ohms, 25 -the resistor 78 has a value of
118 kilo-ohms, and the resistor 80 has a value of 102 kilo-ohms while the resistor 106 has a value
of 390 ohms. The resistors 72, 74, 76, 78, and 80 as well as the resistor 30 106 have a resistance
tolerance of 1% attheugh othér wlerantedvaliesssuch 889, 194, 2%n 5%, wrllG%es aseisa/possible.

200 is described below. A user adjusts the resistance values
of the trimmers 64 and 66 such that these trimmers 64 and 66

10 have the desired resistance wvalues.

The user then rotates the first switch 68 according to dif-
ferent modes of plastic specification. The first switch 68 is
rotated such that the node 93 is connected to the node 89

15 that is connected to the trimmer 64 when the injection-
moulding tool is in a standby or waiting mode. In the waiting
mode, the injection-moulding tool raises the temperature of
resin material, which it contains, such that the resin mate-
rial is ready to be used producing moulded parts. In con-

20 trast, the first switch 68 is rotated such that the node 93
is connected to the node 92 that is connected to the trimmer
66 when the injection-moulding tool is in a running or oper-

ating mode.

25 After this, the user rotates the second switch 95 according
to type of moulding material used in the injection-moulding
machine. Put differently, the node 95 of the second switch 95
connects to one of the nodes 97, 98, 99, 102, 103, and 104
according to the type of moulding material used.

30
The output pin 84 provides a reference voltage according to
the connected or selected trimmers 64 or 64 and according to

the connected resistors 97, 98, 99, 102, 103, or 104.



2MBN 029 PCT 18 The above trimmer and resistor values have a feature of allowing the reference
voltage supply 200 to provide voltage values that are suitable to process different resin material for
injection-mouldiMgNodk THSTs illustrated below. 5 When the injection-moulding machine is processing
acetal polyoxymethylene (POM) material and the ihfection-moulding machine is in the wait mode, the
output pin 84 provides 6.8 mV (millivolts) that corresponds to a temperature 10 of 160 degrees Celsius
while in the run mode, the output pin 84 provides 9.6 mV that corresponds to a resin temperature of 210
degrees Celsius; polyptopyleaedBit)imaterial, palyetlzylerme (P Symeateriad, gmib 66 as
acrylonitrile-bufgdieng:styfene, (ABS) mglerial gnd the Inistionymoylding machine s i (e wait mode, the
output pin 84 provides 7.5 mV that corresponds to a temperature of 170 degrees Celsius while in the run

mode, the outpRPIABS provides 113 M HiadCorfespdnts 160a Fesin tepiperattirerofl 240 20degrees;
polyamides(PAy mgaterial pelyetiwdene terepbihalate (RET) spaigdal, of Rolybutylentesephthalat (PET)
material and the ic?é'ection-mouldingtmacbine 'Hsdin the wai{ mode,tthe oq:t ut ZSOIPin 84l%r,ovides 8.6 mV
that corresponla% od Ferﬁf)lerlarfaree of T@O%eugreég TEISiUs Fhie iPtHe rul ot e, the ou]tf)lat pin 84
provides 13.6 mat gatcorresporids toha resindenmiperatwrelofi2zB0 degiees; 30 -polycarbonate (PC)
material or polyphenylene oxide (PPO) material and the injection-moulding machine is in the wait mode,
the output pin 84 provides 9.1 mV that corresponds to a temperature of 200 degrees Celsius while in the

run mode, the 2MBREG2S PET 1 9GUtpat piii'e2 prodited 1527 MV that cofespbRAS td @ resin temperature
of 320 degrees 4 andepohyphtbalagideP?RA) material-orddolypheayleneisidfide S(PRS)anaterial and the
injection-moulding machine is in the wait e, the output pin 84 provides 10.2 mV that.corresponds to a
temperature of 526%%9%5? IEleeﬁssiu%%//vvﬁiiceni%gé:heAruunSren]f) ea,lg)fhtl;:[1 %?J%lurtepiﬁ%é% ‘6?0{\%335 17.8 mV that
corresponds td-Aaesini tarmperatdreof360 degyesder with the resistors 72, 74,

76, 78, and 80 using a multi-meter.

15 In one example of the reference voltage supply 200,
-the DC power source 62 provides about a voltage of 5 volts
with an accuracy of 1%,
-the resistive trimmer 64 has a variable resistance ranging
from 0 ohms to 100k ohms,

20 -the resistive trimmer 66 has a variable resistance ranging
from 0 ohms to 100k ohms,
-the resistor 72 has a value of 196 kilo-ohms,
-the resistor 74 has a value of 169 kilo-ohms,
-the resistor 76 has a value of 137 kilo-ohms,

25 -the resistor 78 has a value of 118 kilo-ohms, and
-the resistor 80 has a value of 102 kilo-ohms while

-the resistor 106 has a value of 390 ohms.

The resistors 72, 74, 76, 78, and 80 as well as the resistor
30 106 have a resistance tolerance of 1%, although other toler-

ance values, such as 0.1%, 2%, 5%, or 10%, are also possible.



10 Other embodiments of the temperature-sensing device 40 are also possible. Fig. 4 shows an
embodiment of the temperature-sensing device 15 40 of Fig. 2. Fig. 4 depicts an IC (Integrated Circuit)
sensor 54 that4¥BNides% Beftigrade temperature sensor 55 connected to a voltage step-down circuit 56.
The centigrade temperature sensor 55 Includes a témperature- 20 sensor output node 57. In contrast, the
step-down circuit 56 comprises a first resistor 58 and a second resistor 59. One end of the first resistor 58

is connected t3 tfie TMPerattt8&ehsoP Qufsit Hode 57 whife aRdtiferendaf thefirst rédistor 58 is
connected to a stepadownecoutptit hedes0-and 4goneuend 2520f0thecsecondiresistol 69gAnother end of the

second resistor 50, s cannected to an;eletrical groynd. In.use, fhe JC sensor 84 actsas a precision

integrated-circuit temperature sensor, wherein the temperature sensor 30 produces an electrical signal
that corresponéidftold fetfipefitufe bl the FC sefsor 541 Put differeRay ftheSenseraiture sensor 55
produces an output voltage that is essentially proportional to the surrounding temperature. 2MBN 029

PCT 20 In one exam Le of the tetmper_aturelsensor 55,hit Broduces an output voltage of 10 mV (millivolt)
for every degree Cen |gera618 joefcsu%roorhnn(lfi)rlfg ?elrrﬁ%erpgtﬁré s%n%%d%ﬁlot eestse%rrfff’erature 5 sensor 55. The

temperature serRsertss requiresanstipply voktag@of rangingrfrem aboutthvolis 1eaboot 30 volts and it has
an operating range from abowi ;53 degree Ceptigrade to ahout 7150 degree %?H“Qf@d&c!thas generally

rectangular body with a length of about 5.2 mm (millimetre), with a width 10 of about 5.2 mm, and with a
depth of about’4.25Ant Thd ¥tefltddwhairduit 567 bised oF pRydiiting A Girdiitwsitage firat is 1000 times
smaller than theroutput veltageofdbe demperature sensorsSs5:dherdfinst resistord8-pas aresis- 15 tive
value of aboutglp kilo-ohgges agd ghgl&e%)gg resistor 59 haass %5esaistive valuce of apf%%tu%o m%ga-ohms.

These resistive values enable the voltage of t%%%t%%f-)&élwn output node 60 to be essentelal?y 1000 times

smaller than thel Yoltage of thé séasoreoutput node 57. 20

-polypropylene (PP) material, polyethylene (PS) material, or
15 acrylonitrile-butadiene-styrene (ABS) material and the injec-
tion-moulding machine is in the wait mode, the output pin 84
provides 7.5 mV that corresponds to a temperature of 170 de-
grees Celsius while in the run mode, the output pin 84 pro-
vides 11.3 mV that corresponds to a resin temperature of 240

20 degrees;

-polyamide (PA) material, polyethylene terephthalate (PET)
material, or Polybutylenterephthalat (PBT) material and the
injection-moulding machine is in the wait mode, the output
25 pin 84 provides 8.6 mV that corresponds to a temperature of
190 degrees Celsius while in the run mode, the output pin 84
provides 13.6 mV that corresponds to a resin temperature of

280 degrees;

30 -polycarbonate (PC) material or polyphenylene oxide (PPO) ma-
terial and the injection-moulding machine is in the wait
mode, the output pin 84 provides 9.1 mV that corresponds to a

temperature of 200 degrees Celsius while in the run mode, the



Fig. 5 depicts another embodiment of the temperature-sensing device 40 of Fig. 2. Fig. 5 shows a
thermocouple sensor 61 connected to the comparator 12 of Fig. 2. One end of the thermocouple sensor
61 is connecteda efedtfi¢al ground 25 while another end of the thermocouple sensor 61 is connected
to the input 16 of the comparator 12. The thermocédple sensor 61 produces a voltage that corresponds to
ambient temperature. Specifically, the thermocouple 30 sensor 61 includes two wires with dissimilar metal
joined togetheP1HBHe Bxample BF the tieiniocoligie sendbr 81T t5SBPIHE J%9pé thatintludes iron and
constantan materiak ddis tkerotociuplesgnses hasaniupper operating range of less 2MBN 029 PCT 21
than about 760 degrees Celsius with a temperature measurement error of less than about 1.1 degree
Celsius or of less than about 0.4 degree Celsius. It produced a voltage ranging from about 5 mV (millivolt)

to about 60 mV P54 et Egrhpatator 12FrekeRidsSthis SeAsoP Polrage ag \eeiPas téferéfice or threshold

voltage fos compatisonaResistarsaRY angR2nydieh are sbawiindheddg: e preducestthe reference
voltage. 10 Figw 6. %howg a futr her ent1bodiment f4the temperatLirg- en§]in dee/ice 40 of Fig. 2. Fig. 6
shows a Resistance Tehipera re’Détetior (ﬁlll% NSO 65 Sonnectel 'to the inpUt £6 of the comparator
12 and to a vokiage Seipply 36 tdapenesisior R3E 152Phe i besenstr 166 provities @leatritakresistance or

changes of elegfrica] Jgsistange that.correspengs tg,temperature. in this example, the RID ensor 65 and

the resistor R3 form a voltage divider for producing a sensor voltage to the compar- 20 ator. The sensor
voltage corresp8nds 16 tHé témiperatare bf thd RIDUsEiibres 1n a special example, changes of electrical
resistanceof the RID sensor 65 are measured using a resistance bridge. This

Other embodiments of the temperature-sensing device 40 are

also possible.

Fig. 4 shows an embodiment of the temperature-sensing device
15 40 of Fig. 2. Fig. 4 depicts an IC (Integrated Circuit) sen-
sor 54 that includes a centigrade temperature sensor 55 con-

nected to a voltage step-down circuit 56.

The centigrade temperature sensor 55 includes a temperature-
20 sensor output node 57. In contrast, the step-down circuit 56
comprises a first resistor 58 and a second resistor 59. One
end of the first resistor 58 is connected to the temperature-
sensor output node 57 while another end of the first resistor
58 is connected to a step-down output node 60 and to one end
25 of the second resistor 59. Another end of the second resistor

59 is connected to an electrical ground.

In use, the IC sensor 54 acts as a precision integrated-
circuit temperature sensor, wherein the temperature sensor

30 produces an electrical signal that corresponds to a tempera-
ture of the IC sensor 54. Put differently, the temperature
sensor 55 produces an output voltage that is essentially pro-

portional to the surrounding temperature.



25 example can be used for measuring temperature that is less than about 600 degrees Celsius. Beside
examples of the temperature-sensing device 40 being provided as a thermocouple sensor, as a RID
sensor, or as a¥BOIrtégrated Circuit (IC) sensor, it can also be provided as a thermistor sensor 2MBN
029 PCT 22 The thermistor sensor serves as a temperature-sensitive resistor that often comprises
semiconductor material although can it also comprise ceramic or polymer material. The relationship of
thermistor resistance to temperature is often ap- 5 proximated using the Steinhart-Hart equation. In one
example of thelthermistoxgithas afesistancengfeatzout5000-0bms &to25 tlegreesiGeatsiuswith a

temperature cogffiient of AbouL 4% peg degrer Gelsiys, Thistheruiisioy sensel bas a1 goerating

temperature ranging from about -90 degree Celsius to about 10+130 degree Celsius. As can be seen
above, the tentferaturelsensing sV 40 CapPEeiite a Seitabte E8rre8poRaIfkRFeErcHE® adapt the

electrical gutpulsigpal attherespestive sepsek ta the yeltage Aocarnparatosdgs Thewencuit may step
down or reduce the VPItage of thefsgg%ala%%ch th4at it % suitable for the voltggle corgggratgr 12. In a

broadening sefigs, the t%rﬁlﬁér%(%ure-sensingu&ewcéf A0 Can 20 HHS & n3e%a |vett8mperatlure coefficient,

instead of the pesitiwe tepyperature coefficient.dn thisccase; 1he degvpesatire tomtoleircait 100 should be
adapted such that the femperatre:sensing deyige 48 s gonnected,tothe comparatgr gen-inverting input

pin 169 Instead of the comparator inverting 25 input pin 14. Similarly, the reference voltage supply 200 is
connected to tRBEbNMparater ivertiiy Mputisin 142Instdad dFihe! Bmpatator honiretting thput pin 16.
Differentiembagimenis of the optgcaupler28 iof Ligied are 30passibte 4Fig. rirdepicts a first embodiment of
the optocoupler 28 of Fig. 1. Fig. 7 shows an optocoupler 37 that includes an LED 2MBN 029 PCT
The step-down circuit 56 is used for producing a circuit
voltage that is 1000 times smaller than the output voltage of
the temperature sensor 55. The first resistor 58 has a resis-
15 tive value of about 10 kilo-ohms and the second resistor 59
has a resistive value of about 10 mega-ohms. These resistive
values enable the voltage of the step-down output node 60 to
be essentially 1000 times smaller than the voltage of the
sensor output node 57.
20
Fig. 5 depicts another embodiment of the temperature-sensing
device 40 of Fig. 2. Fig. 5 shows a thermocouple sensor 61
connected to the comparator 12 of Fig. 2. One end of the
thermocouple sensor 61 is connected to an electrical ground
25 while another end of the thermocouple sensor 61 is connected

to the input 16 of the comparator 12.

The thermocouple sensor 61 produces a voltage that corre-
sponds to ambient temperature. Specifically, the thermocouple

30 sensor 61 includes two wires with dissimilar metal joined to-
gether. In one example of the thermocouple sensor 61, it is
of the J type that includes iron and constantan material.

This thermocouple sensor has an upper operating range of less



23 51 and a phototransistor 53. The input pin 26 of the optocou- pler 37 is connected to an anode of the
LED 51 while the ground pin 27 is connected to a cathode of the LED 51. The collector output pin 31 is
connected to &¥aiedteP oPtHe 5 phototransistor 53 and the emitter output pin 30 is connected to an
emitter of the phototransistor 53. In use, the input pin 26 is used for receiving the voltage signal of the

output pin 18 of the comparator 12 of Fig. 2. A 10 high-level voltage from the comparator output pin 18
would energisé tHe LEIS 81 t6Prodteedight rays THiedt ighfrays ittivate fite BROTSIRETSSor 53 such
that electrical eurrent isfallowed toHowafromtthe .coll@etorceutpelt pini31de the emitter cudput pin 30. 15

Fig. 8 shows asecand ehediment of the gotocaugler 28 of Fig, 1. fig, 8lustates an ppfocoupler 38

The optocoupler 38 Includes parts of the optocoupler 37 of Fig. 7, wherein the phototransistor 53 of the
optocoupler 32ROEplaca withi2@ asHdtbtriae 80°The Phdtdtriac 39 is activated, in the same manner as
the phototsansistor 53, by the phototransistor 53. This activation allows electrical current is allowed to flow

from the outputﬁ)in 31 of theé)hotggiac 39 to the o}l{tputspin 30 of thletphototriac 3? 25 Fig. 9 shows
electrical Wave?oremcoqggﬁarrﬁs B for thE TRIAT 34 brth& Cohtrol Girelit 0076 I‘i’%. J2 when the comparator
12 energises the optecoypler 28h Thidendrgised aptodoupler28places theRFRIACO34 iR&an on state in a

manner that is dgy 30 scribed below. JMBN 929 RET R4 par of afiyst positivehalt yaliage cycle of the
AC power supply 48, the TRIAC 34 is in off state. The beginning part extends from phase angle 0

degrees to phé[%éﬁéfeﬁ (delta) of the AC power voltage cycle. The voltage of the AC power 5 supply 48
is applied @cross the TRIAC 34. No electrical current is conducted through the TRIAC 44. After a short

time, at phaseEan Ieg (ngltag, a p]gsitié/e voltage of the %U%F%Iy \%)Itatqe 52 causes or Induces an elec- 10
. . 1 f{ga t =
trical current to ﬁggw from the AC pcl)lvﬁer &fpﬁ y f88 fo the optocoueplere%) and tlcl)rtﬁesgeaﬁélpr}ﬁ 32 of the
TRIAC 34. Thigevice 40 of Fig. 2. Fig. 6 shows a Resistance Temperature

Detector (RTD) sensor 65 connected to the input 16 of the

comparator 12 and to a voltage supply 36 via a resistor R3.
15

The RTD sensor 65 provides electrical resistance or changes

of electrical resistance that corresponds to temperature. In

this example, the RTD sensor 65 and the resistor R3 form a

voltage divider for producing a sensor voltage to the compar-
20 ator. The sensor voltage corresponds to the temperature of

the RTD sensor 65.

In a special example, changes of electrical resistance of the
RTD sensor 65 are measured using a resistance bridge. This
25 example can be used for measuring temperature that is less

than about 600 degrees Celsius.

Beside examples of the temperature-sensing device 40 being
provided as a thermocouple sensor, as a RTD sensor, or as an
30 Integrated Circuit (IC) sensor, it can also be provided as a

thermistor sensor



flow of electrical current to the gate pin 32 triggers or latches the TRIAC 34 such that the TRIAC 34 is in
the on state. In this on state, the TRIAC 34 conducts electrical 15 current from the AC power supply 48
via the MT1 piaMENtdOthe Rédter 50 via the MT2 pin 46. The voltage across the TRIAC 34 between the
MT1 pin 44 and the MT2 pin 46 falls to about zero4/lts during this current conduction while the voltage of

the AC power suppFli%f8 is applied across the heater 50. 20 This on state of the TRIAC 34 continues for

the rest of the first Jo&iive Aaft cy&feGhtil theelgtirical Cufrehit i tHe' gate®pin32 talfs bélow a
pre-determined hotdingtwadue ahdethecvoltagesaerassntheddiqpin 44nand the ME2 (i 4gifalls 25 below a

pre-determined freshold yalue Al ahout phase. andle 180 deateqs, (e TRIAG 3¢ isplaced in the off
[ Ipti volta I i

state. Similar to the earlier description, the ge of the AC power supply 48 is applied across the
TRIAC 34 30 White fibdleetrical etfreht iFrcavduceatRfoligh HRENRFIE B 44 BhdtheSM T2Ppin 46 of the

TRIAC 345 2MBN;02%PET 25 iThe TRIAC34 istriggeredagain at phasemanged18Qap) degrees. At this
point, the negative polta e of the AC power asgpgly 48 across the ;[RA,%C 34 g@@ges a flow of electrical

current from the gg eepiFl T tHe Ac pl)ower suppfyeié Vig %CiﬁeooptOCShlﬁler Thid'3Isy causes the

TRIAC 34 to beiriggeredor {at¢hed anditorbe plavetretheren staté L ThesIRIAC 3ocortducts electrical
current for the gest of.thefirst pegatjve halfscycle in fhe reverse dirgctiondn g, simjlar mpapger until the

electrical current from the gate pin 32 falls below 10 a pre-determined holding value and the voltage
across the MTISIRYAZPERd Thé MP2 pin 46FA1I§ Petdw 22Prelasteimingd Thrsshotd ¥aRIES  The above
steps repeat forithe stdhisegtient power cycles of the 15 AC power supply 48. In short, the TRIAC 34 is
configured in an auto-triggering or self-triggering mode. The TRIAC 34 is enabled by the optocoupler 28
while the optocoupler 28 is responsive to the output 20 voltage of the voltage comparator 12. No auxiliary
power is necessargdor friggetiy HeOTRIACSA Hetire batputsoageloithéaoltayetComparator 12 has a

high level, the DC paversauree 36 would-elegtrically-power-the 25optagaupler 28 such-that the
optocoupler 28 enables the auto-triggering mechanism for the TRIAC 34. The triggered TRIAC 34 is in

the on state that afi6ws tHERHerGy 95 the AC DolEIPIPpIY 283K t6hé Healér 56 9f the TRIAC

34. 15 comparator 12. The circuit may step down or reduce the volt-
age of the signal such that it is suitable for the voltage

comparator 12.

In a broadening sense, the temperature-sensing device 40 can
20 has a negative temperature coefficient, instead of the posi-
tive temperature coefficient. In this case, the temperature
control circuit 100 should be adapted such that the tempera-
ture-sensing device 40 is connected to the comparator non-
inverting input pin 169 instead of the comparator inverting
25 input pin 14. Similarly, the reference voltage supply 200 is
connected to the comparator inverting input pin 14 instead of

the comparator non-inverting input pin 16.

Different embodiments of the optocoupler 28 of Fig. 2 are
30 possible.

Fig. 7 depicts a first embodiment of the optocoupler 28 of
Fig. 1. Fig. 7 shows an optocoupler 37 that includes an LED



30 In contrast, if the output voltage of the voltage comparator 12 has a low level, the electrical current
from the DC power source 36 is shunted to the electrical ground without flowing into the optocoupler 28
and without engfgisinty the’6tocou- 2MBN 029 PCT 26 pier 28. This causes the TRIAC 34 to be in the off
state. Accordingly, the energy from the AC power-38pply 48 would not flow to the heater 50. 5 This
configuration of the optocoupler 28 with the TRIAC 34 has a feature of consuming low electrical power.

Fig. 10 shows A'c&difig 590 for e I8MbRrature tontidlet 300" Thetasing 590 Fas B SHapE of a
rectangular blgclewitia 16 widtmetabdut 60 mme(milémetre) hwitharheighof abouth88 mm, and with a

depth of aboutg%%mlrg . Gg he parts of the temperature gogt{ggﬁ%r?%og allow the temperatyre controller 300 to
] : :

be housed or contained in this small 15 casing 590. This small size, in turn, enables the temperature

controller 300 & béstaced PieaP atePiperaturessEnsing devfcd of andRjetieAdhotlding apparatus. Only

short wires arg-thern-needed ferconnecting the-temperature;sepsingsevice ta the tempetatyre controller
300. The short wires pick u Ies%got Iec;%ctﬁll noise, thereb%/ ig&oroving signal to noise ratio and quality of
rolle

to _an emitrte ne Latra sto . .
temperature contr6l 1T Short; the casing aflowstie con f 300 to provide an Improved

temperature control. This is unlike other temperature controllers that use relays and transformer circuits.
25 Fig. 11 shows differentdews eg‘iqui@ei‘é a fmoyid-gssembly; of ag injgctignrpoylding machine.
Fig. 11 depicts a mould assembly 553. The temperature controller 300 of Fig. 1 is mounted in the mould
assembly 553530 The iffectivh-motidihgihachine hclitescaadidtiffectionHdppgaratus’thdt is positioned
next to the mouldyassembly 553+ The nieuld injectiotrapparatus sunetshewn in Figoll.2MBN 029 PCT
T e T SO S Al S e g sul onz
activate the phototransistor 53 such that electrical current
is allowed to flow from the collector output pin 31 to the
emitter output pin 30.
15
Fig. 8 shows a second embodiment of the optocoupler 28 of
Fig. 1. Fig. 8 illustrates an optocoupler 38. The optocoupler
38 includes parts of the optocoupler 37 of Fig. 7, wherein
the phototransistor 53 of the optocoupler 37 is replaced with
20 a phototriac 39. The phototriac 39 is activated, in the same
manner as the phototransistor 53, by the phototransistor 53.
This activation allows electrical current is allowed to flow
from the output pin 31 of the phototriac 39 to the output pin
30 of the phototriac 39.
25
Fig. 9 shows electrical waveform diagrams 51 for the TRIAC 34
of the control circuit 100 of Fig. 2 when the comparator 12
energises the optocoupler 28. This energised optocoupler 28

places the TRIAC 34 in an on state in a manner that is de-

30 scribed below.

Fig. 9 depicts an alternating supply voltage 52 that is pro-
vided by the AC power supply 48 of Fig. 2. At a beginning



Referring to the mould assembly 553, it includes a manifold assembly 559 being placed between a
moulding plate 561 and a back plate 562. 10 The back plate 562 has a receiving cavity 570, wherein an
outlet of the supfh) nd221eP6fthe mould injection apparatus is provided in the receiving cavity 570. The
back plate 562 is fastened to the moulding plate 564 by a 15 suitable number of screws while several
spacer blocks 568 are §ositioned between the back plate 562 and the moulding plate 561 to separate

I

them. This septatiofl GiSo provides Adpace 568, Wwhereinifie ekipertafire Contfdile? 3R and the
manifold assembbp 5594t positiamad 23 Severdlrinsulatertspacersiaseprovidethbetweaen the back plate

562 and the.mgggglgdgs%glyp%gg o %ﬁg&g éhﬁ %c%&glgge égZPfE%r%Tcoﬂggén%th& %ﬁryf)old assembly

559. These insulator spacers are not shown in Fig. 11. The spacer blocks'568 and the moulding plate 561
have openingsCér E&¥itiéS. PRESE cavitied%eProvited With'iRbitiske cabity roz2lesPSTE fwhich are

connectedsto thegparifald assespbly:529..3everal stationary mouldsas dies 578;arg1alsgprovided in the
cavities of the moulding plate 561. The moulding plate 561 clamps the stationary dies 578 against the
spacer blocks §%N10%9C P SB%bd Bl qé c?fkﬁ)ﬁeTc%%/zfiy n%g'zles 577 protrude into the stationary dies
578. The manifold assembly 559 includes a network of passages or 5 runners 586. The runners 586

connect the regeiving gagi}%?zotojﬁgg Qﬁgkpq#gg%Sggégéhg s(@téqquldigsgggi\g%ge cavity nozzles

577. A plurality of heaters with corresponding sensors Is attached 10 to the cavity nozzles 577. The
heaters and th&%cdrfESpSHding Senhsbrs B8Z HreathnectEd 1S fife T8mpRIattre contrdléF300 by wires
584. Thelbeatersianrd senseesmarecpotrshewniBdrightl ALS toacgenerabsenss, the heaters and their

sensor can alsp be connected,ip ta*‘r?dm%“fgf}qde?‘sé%mbg}’iEE’ 2|no(%p%tixaetio’f]R{Il§ SGIew mechanism is used
for receiving a rﬁouldlné) resin maferial and for introdu Ing the moulding res- 20 in material to the internal
cavity of the supply nozzie. e sapplynwazze is heatétbsyelt thatitheJRotilding #&sinanaterial melts and

changes to a mglten statene TRIAC 34 such that the TRIAC 34 is in the on

state. In this on state, the TRIAC 34 conducts electrical

15 current from the AC power supply 48 via the MT1 pin 44 to the
heater 50 via the MT2 pin 46. The voltage across the TRIAC 34
between the MT1 pin 44 and the MT2 pin 46 falls to about zero
volts during this current conduction while the voltage of the
AC power supply 48 is applied across the heater 50.

20
This on state of the TRIAC 34 continues for the rest of the
first positive half cycle until the electrical current to the
gate pin 32 falls below a pre-determined holding value and
the voltage across the MT1 pin 44 and the MTZ2 pin 46 falls

25 below a pre-determined threshold value.

At about phase angle 180 degrees, the TRIAC 34 is placed in
the off state. Similar to the earlier description, the volt-
age of the AC power supply 48 is applied across the TRIAC 34
30 while no electrical current is conducted through the MT1 pin

44 and the MT2 pin 46 of the TRIAC 34.



The screw mechanism is also used for pushing the molten resin 25 material out of the supply nozzle and
into the receiving cavity of the back plate 562. The runners 586 of the manifold assembly 559 are used
for transferring?theNres#P n¥atérial from the receiving cavity to 30the cavity nozzles 577. The sensors are
used for sending temperature of the cavity nozzles 877 to the temperature controller 300. The tempera-
2MBN 029 PCT 29 ture controller 300 uses the heaters to control the temperature of the cavity nozzles

577 according B thé Te86ivad biperai#eTeadrfgs of the §8RSSs?BIn% CibSld stite, He stationary dies
578 together mavable dies of the mauld assembly $53i fosmsolnternal afowldingacavitiesrThe temperature

of the resin m%tgggmft% cglgpggg %Ié passes tlgq)quih@eesrugnﬂgé%f Tgfﬁ%@g%g@zzles 577 are near

to the Internal moulding cavities, which shape the resin 10 material to form a final product. It is Important
that the tempef&ttFEdF the avitp hoZzled FET béZcortrolidl ACcuratsly andPimely! Such that the resin

material temperatureatdbsipternabmoutding cavities is altherdesired temperatdre, 1% The-temperature
controller 300, as it is Bosqioped ig thed':,péace 569 E)netween th%li)ackrplag:e 562 aTnéj thTeRmouIding plate
561, is close t§ e Reatersand fhe S8Msors. The stiort distAncd allsws 116 foss o & smalf Toss of signal to
enable the requifredacbuwrate edatrolcidhe said temperatureh20 Fgtl2 sholns & schentatic-of a controller

system 600 thatincludes, the temperature,coniraller of Fg 1. The contralles systerm 600 Includes a first

control module 603 25 for a mould assembly 605 and a second control module 607 for an
injection-mouldint apgarats 668 X Thé firstEaimrd! rhbaitile-B63 96 EBnitbinicativély corfect¥dd to the

second controbmetkiel 604 via rewirelgssimeans1 30 Eheifirstcontrot medule 603 Includes a reference

voltage supply 610,43Zl nozzle ontp&lzcircuit 64]62 nda tgarlsmitter module 614. An output node 616 of the
reference voltaFglensupplzil/n 10t?|}seconneé)té8 toa Ff:astdllr?putengéqe 6180t t 8tneo]%r%fg “MBN 029 PCT 30
threshold value.

The above steps repeat for the subsequent power cycles of the

15 AC power supply 48.

In short, the TRIAC 34 is configured in an auto-triggering or

self-triggering mode. The TRIAC 34 is enabled by the optocou-

pler 28 while the optocoupler 28 is responsive to the output
20 voltage of the voltage comparator 12. No auxiliary power is

necessary for triggering the TRIAC 34.

If the output voltage of the voltage comparator 12 has a high
level, the DC power source 36 would electrically power the

25 optocoupler 28 such that the optocoupler 28 enables the auto-
triggering mechanism for the TRIAC 34. The triggered TRIAC 34
is in the on state that allows the energy from the AC power-

supply 48 to flow to the heater 50 via the TRIAC 34.

30 In contrast, if the output voltage of the voltage comparator
12 has a low level, the electrical current from the DC power
source 36 is shunted to the electrical ground without flowing

into the optocoupler 28 and without energising the optocou-



control circuit 612 and to a first input node 619 of the transmitter module 614. A second input node 621 of
the nozzle control circuit 612 is connected to a second input node 623 of the transmitter module 614 and
to an output nGdBB285F £8Temperature-sensing device 627 of the mould assembly 605. An output node
629 of the nozzle control circuit 612 is connected t6°a nozzle heater module 631 of the mould assembly
605. The transmitter module 614 Includes a first analog to digital 10 converter (ADC) 632 and a second
ADC 634 togetherwifl} a WitdfesStraifsnitier %63@ The'tfst mptt hote e 18t fhe ft&nsmitter
module 614 is conmectdd/to ahdnpukpory 68800f thiedfirst AW &32swhite thd 8eeonddnputcnode 623 of the
transmitter mogduyle 614 is conpected ta.an input port 640 of 15 the second ADC 634. An output port 642
of the first ADC 632 and an output port 644 of the second ADC 634 are connected to an input port 646 of
the transmitter device 636. An output port 648 of the transmitter device 636 is connected to a transmitter

antenna 650. 20, Refewing: ta,the-second centiobmoske 604 - itinchudes a recetvarmodule 655 and a
barrel heater controller 657. Tgeorgcgg/er module_ 655 iriclu%es a \qireless receiver device 658 and a

receiver antenfa 660. THe Feceivar AMEnAA" ilsogo%rﬁﬁm?:?%acatﬁ/%‘fye tonnected to the transmitter
antenna 650 of the transmitter device 636. It is also electrically connected to an input port 662 of the
receiver module; §55, An aiIput RO 665, gf theyrecejvanmodule 655 is, conpggted.tojan input port 667 of
the barrel heater controller 657 while an output port 30 669 of the barrel heater controller 657 is
connected to aBArrel RBatet Thbdule’671of the HjeEfor-méuldfifg-apparatts 6b9° <2 MBN 029 PCT 31 In
a generia sensei dhe fisst cordral module 6@3 canske eemmunicativelyconnecied $o the seeond control
module 607 vi%;l ngg mgzgﬂséingte%%og? W'relglgs%e%r%s. 5 In use, the second control module 607 is
using for adjusting a temperature of a barrel Gf the injection-moulding apparatus 609. The barrel is not
shown in the Fig. 12 for the sake of simplicity. The barrel is used for received a moulding resin material,
which is in a selid granular farm.nEhe bapel is- 10alse intepded formelting thisrgsin-material such that the
resin material can be Injected or transferred to the mould assembly 605. The temperature adjustment of
the barrel is dSHe T aEEOrHRRtESAitr HiohRafion tREERRdFromINEHraE Corittol MbUUTE'803. 15 The first
control madule-6631ig used foradjistingld tenmperatine ofian,infectioharozzie of themeuldassembly 605.
The injection nozzle;5,10tshoyn in the Fig. A2 orfbe sake at gmpliciy. The giegonapzzle is used for
eating the cer-
J of an injection-moulding apparatus. Only short wires are then
needed for connecting the temperature-sensing device to the
temperature controller 300. The short wires pick up less
20 electrical noise, thereby improving signal to noise ratio and

quality of temperature control. In short, the casing 590 al-

lows the controller 300 to provide an improved temperature

control. This is unlike other temperature controllers that

use relays and transformer circuits.

25
Fig. 11 shows different views an embodiment a mould assembly
of an injection-moulding machine. Fig. 11 depicts a mould as-
sembly 553. The temperature controller 300 of Fig. 1 is
mounted in the mould assembly 553.

30

The injection-moulding machine includes a mould injection ap-
paratus that is positioned next to the mould assembly 553.

The mould injection apparatus is not shown in Fig. 11.



20 tam n resin material received by the mould assembly 605 and for pushing or channelling this resin
material into a moulding cavity of the mould assembly 605. The temperature control of the molten resin
material within228the #fleéidh-moulding apparatus 609 is Important. Under normal operating conditions,
the injection nozzle of the moulding assembly 605%as only a short time to heat the resin material within
the moulding apparatus 609 such that it reach its desired temperature without significant temperature
over- 30 shoot. Thus, it is Important the moulding assembly 605 receives resin material with a desired
temperature. 2MBMO20P €732 Referringto-thesfirst cohtrod madule GOB3y the temperattitesensing

device 62 is used (of IoXiding temeeratue ifoymation of the dniscfion nazels oL he uipulg gssembly 605

to the nozzle control circuit 612. 5 The reference voltage supply 610 is used for providing reference
electrical signalinfoPrizttivhttbthechd£zié cbhtrol tirtgit 63 23A EFdaRce to operating condition or mode
of the mould assembly 605 and in accordance to the type of resin ma- 10 terial within the mould assembly

605. The nozz%g—:- %ontrol circtuit %112 acts 'ﬁn a mann%rltha&i)% simi%ar,to tpedcontrol circuift cifa{:ig. 2. The
nozzle control ¢ircuit 612%is tise Formé)dfuéjtir?gf’ afettrical pov(/erl or el:ﬁé:rguy 5 flom an extefnal source to
the nozzle heatersrrddule 831 dccordinygltocthe albdvearertiored. rtecejved afferrh&fioan®he nozzle heater
module 631 is;ysed fof receiying the above electrical energy and for using this energy to heat the injection
nozzle of the mould assembly 605. 20 The first ADC 632 is used for receiving the reference electrical
signal information and for converting this received information into a digital format. Similarly, the second
ADC 634 5 useddonb seceivingtthestemperaturersersingdevices tem- 25qeratigednforaation and for
converting the orLelgtiivedoi@qur ation inio the dizgfital f rr%ajt. The qgnsmitter device 636 is used for receiving

the above-mentloneecF digita information of the first ADC 632 and the 30 %E%%-r%%%ﬁéﬁéﬁ Soligital

information of fife BEeoRdADC B34 Theerangiittercdevie® 636°is also used for sending the received
information to the receiver module 655 via the transmitter antenna 650 and via the receiver antenna 660.

The back plate 562 is fastened to the moulding plate 561 by a

15 suitable number of screws while several spacer blocks 568 are
positioned between the back plate 562 and the moulding plate
561 to separate them. This separation also provides a space
569, wherein the temperature controller 300 and the manifold
assembly 559 are positioned.

20
Several insulator spacers are provided between the back plate
562 and the manifold assembly 559 to keep the back plate 562
from contacting the manifold assembly 559. These insulator
spacers are not shown in Fig. 11.

25
The spacer blocks 568 and the moulding plate 561 have open-
ings or cavities. These cavities are provided with multiple
cavity nozzles 577, which are connected to the manifold as-
sembly 559.

30
Several stationary moulds or dies 578 are also provided in
the cavities of the moulding plate 561. The moulding plate
561 clamps the stationary dies 578 against the spacer blocks



2MBN 029 PCT 33 Referring to the second control module 607, the receiver mod- ule 655 is used
transmitting the information that is received from the transmitter device 636 to the barrel heater control-
S5ler 657. The B8l Reate¥ ¥iodule 671 is used for receiving the electrical energy and for converting the
received electrical energy to heat energy for elevatifig the temperature of the bar- 10 rd | of the
injection-moulding apparatus 609. The barrel heater controller 657 is used for adjusting electrical energy
from an external Souf¢Et e BarrEl e SRY MiddUR" 67 £ &cedrdifg 26 THE Teceived referéhee electrical 15
signal informatidn andvactording/t.the received temperature-sensing device temperature information.
When the temperature-sensing device temperature information can be close to or is greater than the
reference electrical 20 signal information, this indicates that the temperature of the molten resin material
within the injectivh-RouldingapFaaiisl 809 S at addesifetl valuet ThekbatfePieaeeedntrbller 657 does

not need to elevatedughepthe temperature-of twsbawehetthe-injection-moulding-apparatus) 609. 25

When the temp%rat re-sensin devic% é%m erature information is less tt‘gay the, refeEence electrical signal
. . of. the a% E%Fte o t stathonarg.dle 3 YLa E e caY— ;
information, this'indicates thatthe température of the molten resin material within the injection-moulding

apparatus 609iis Jes® trare 80 e desired value. The barrel heater controller 657 then elevates the
temperature of the barrel of the injection-moulding apparatus 609.

A plurality of heaters with corresponding sensors is attached
10 to the cavity nozzles 577. The heaters and the corresponding

sensors 582 are connected to the temperature controller 300

by wires 584. The heaters and sensors are not shown in Fig.

11.

15 In a general sense, the heaters and their sensor can also be

connected to the manifold assembly 559.

In operation, the screw mechanism is used for receiving a

moulding resin material and for introducing the moulding res-
20 in material to the internal cavity of the supply nozzle. The

supply nozzle is heated such that the moulding resin material

melts and changes to a molten state.

The screw mechanism is also used for pushing the molten resin
25 material out of the supply nozzle and into the receiving cav-

ity of the back plate 562.

The runners 586 of the manifold assembly 559 are used for
transferring the resin material from the receiving cavity to

30 the cavity nozzles 577.

The sensors are used for sending temperature of the cavity

nozzles 577 to the temperature controller 300. The tempera-



2MBN 029 PCT 34 The use of the received reference electrical signal information and the received
temperature-sensing device temperature information for temperature control of the injection-moulding
apparatus 6094&3af@atureof providing a tempera- 5 ture control loop between the moulding assembly
605 and the injection-moulding apparatus 609. Put differently, rather than functioning alone, the second
control module 607 uses information from the moulding assembly 605 to%%rovide an improved

temperature comitt6l GIARETREEBNSMOUIRG dppa-10tafsS608. AhétHod & €oritrdlifig IEemperature
resin material fortheanoulding assembly 605ds destribeddelawg 16T héraethodilnelidesra step of the

temperature-sensing device ggznsgeang@g the temperature information of the injection nozzle of the mould

assembly 605 to the nozzle control circuit 612 and to the transmitter device 636 of the first control module
603. The method also Includes the step of the refer- 20 ence voltage supply 610 sending the reference

electrical signalinforamadiontodhemozzie coptrat ciseuit 61aiand torthe- tgasmittedevieeH36. The nozzle
control circuit 612 ther} adjusts eleﬁrical pmg?r 25 or energy from an external squrce to the nozzle heater
; BRI

dies. . Cint 1 1d T e
module 631 according to the above-récéived nformation. 1his enables reSin'materal Within injection

nozzle of the moegld-as8emblBGES &0 bechedtedsuchethat the resinanatefiat is abhanagppropriate
temperature. 30 Inthe.meapfime, Hhe transmitier modyle 634, alsosreceives the above-mentioned

information. The transmitter module 614 later converts the received information to the digital form for

2MBN 029 PCTe35 transhhifting {o°thearfelriéate? controlieF 857ia the f86&Tef Rodiié 655. The

barrel heater cantroller 657 afterward atjusts electiicat 5 energy fiompanexternaksouwnee to the barrel

heater module 671 acggqldrigg 1 this transmitted infozrfréastiof{yég éhe transmi e(%de information indicates the
y

: ot t
resin material w?tﬂ?nef:njectlon nozzle of the mould assemb fs not hot enoucg%%ﬁe barrel heater

controller 657 licreases the temperaturé of thd eesinmaterizl vithin theiarel of tie ijection-moulding
apparatus 609; The.fesin materahwith the baseel is infendgd for injeeting to.the-mauld assembly 605.

15 The temperature controller 300, as it is positioned in the
space 569 between the back plate 562 and the moulding plate
561, is close to the heaters and the sensors. The short dis-
tance allows no loss or a small loss of signal to enable the
required accurate control of the said temperature.

20
Fig. 12 shows a schematic of a controller system 600 that in-

cludes the temperature controller of Fig. 1.

The controller system 600 includes a first control module 603
25 for a mould assembly 605 and a second control module 607 for
an injection-moulding apparatus 609. The first control module
603 is communicatively connected to the second control module

607 via a wireless means.

30 The first control module 603 includes a reference voltage
supply 610, a nozzle control circuit 612, and a transmitter
module 614. An output node 616 of the reference voltage sup-
ply 610 is connected to a first input node 618 of the nozzle



15 Figs. 13 to 16 provide an example of the above steps for illustration purposes. In this example, an
injection-moulding machine uses the controller system of Fig. 12. The injection-moulding machine
Includes a modlEassetibkthat receives molten resin material from an injection-moulding apparatus. The
20 said controller system Includes a temperature cohtroller that adjusts the temperature of the
injection-moulding apparatus in accordance to the temperature of the mould assembly. Fig. 13 shows a

temperature gfaPh677 of thE Mduld Es<EMibly© 28 The tdmpBFathre grispl 67 79hciitfes a mould
assembly referencestemperaturediinie: 68 8andiagnouidiassemblyntetrperaturetling. 6790 Botle the

temperature lines 678 and, 679 extend from fime: QINQ o fime-point (1,19 imespaing 12, and to

time-point t3. 30 A mould assembly temperature upper control line 680 is provided above the reference

temperature lid 678swkite BsHbhlcPassErbhttettperstdre-over CoHtRd1ine681 iEpravddéd below 2MBN

029 PCT 36 thesgferencetemperature lins,648. Fhe upperncontrl line£8Q is-sepayated from the
reference temperature line 67 a {ixed distance while tk}\f% 1ovger control 6Iil e 681l is sega{:ated from the

b
reference temﬁélrta%rte 7887 2by 8 fixedaisRieeS 5oPhe upper%:]éﬁilrbﬁine gb°and the fower control line

681 enclose oeboideraamared, kriovert as antbule assenmidly témperatide controd band0 in use, the mould
assembly temperature control band denotes 10 an area of temperature adjustment by the mould
assembly temperature controller. In other words, the mould assembly temperature controller is designed
for adjusting atémperaftitBidt'the Modidas<eb hat feRithin the®motild Begertbly témp@tature control
band. 151ig. 4 shewssa heater)statiss grapha682 ©f thie mboveanentigpeddnoult-assembly. The mould
assembly heatﬁ status Sgr@gg 6%121 'rgEc:Iurde X! .rggul&%sselrﬂglyfq%%tgr status IiIQe 6e8%y§at f%uctuates
between an on'State and an off state. In the 20 on state, the heater of the moulc assembfy is energised
while in the offtstate; the Hieldterof lsodisabled! 4n usesannealdkdssemply températarecértfoller changes

the state of the, heatgr of themautd assemblyisuch thaidhe tem: 25 peraiuee gbthe,mould assembly

remains at or near to the reference temperature of the mould assembly. The heater of the
transmitter module 614 is connected to an input port 640 of

15 the second ADC 634. An output port 642 of the first ADC 632
and an output port 644 of the second ADC 634 are connected to
an input port 646 of the transmitter device 636. An output
port 648 of the transmitter device 636 is connected to a
transmitter antenna 650.

20
Referring to the second control module 607, it includes a re-
ceiver module 655 and a barrel heater controller 657. The re-
ceiver module 655 includes a wireless receiver device 658 and
a receiver antenna 660. The receiver antenna 660 is communi-

25 catively connected to the transmitter antenna 650 of the
transmitter device 636. It is also electrically connected to
an input port 662 of the receiver module 655. An output port
665 of the receiver module 655 is connected to an input port
667 of the barrel heater controller 657 while an output port

30 669 of the barrel heater controller 657 is connected to a
barrel heater module 671 of the injection-moulding apparatus

609.



mould assembly is used for injecting heat energy Into the mould assembly for elevating the temperature
of the mould as- sembly. The mould assembly also acts to dissipate heat by 30 conduction and by
dissipation. 2MBN0299PETT37 mould assembly temperature upper control line 680, which indicates that
the mould assembly temperature is too high. The mbuld assembly heater is in the off state such that the
mould assembly heater does not release heat energy into the mould 5 assembly. Between the time-points

t1 and t2, and aftef tH€ Bfife-poift s the MGuIb dSEerBR EMp&IatrETind 678 FRILHithT the mould
assembly tempenaturecconttgl hancthethe showld @ssesahly ) temperaturedonisolieradjiistsasthe mould

assembly heater ég&hr&ggl;@,e mould g&sg@wbgyvpfgéeirelgge%g An.amount of heat into the mould assembly

that is about the same as the amount of heat dissipated. This allows the temperature of the mould
assembly to remain about the mould assembly reference tempera- 15ture. Between the time-points t2

and t3, the moujd assemblytemperaiure line 617 hisdhelewdhe mouldassembly temperatuee lower control
line 681. This indjcates that the tgpperglture qf tglg Zt mould assemb% i {%o low. Thus, the mould

)
assembly heater i$S8F 58%&5%tly in the o' state, as shown eyc%leorrﬁbu?dl asééll%b?)? Rehfer Satus line 683.

This allows the fifould@assembly heatentotinggetvmaximurinepdssiblelamobant bhheabérergy into the mould
assembly. 25 Eig, 15;5hows argmperature graph.684 of the injectionrmouyldingsapparatus,The

injection-moulding apparatus temperature graph 684 includes an adjustable reference temperature line
685 and an injBetiGi-mMduldiiy Spparatts témperatiré ine'36 686° The tERthetatureline®685 is adjusted in
accordance toamdues of theimbuld assembly demipesatee linerGABrial such that the

resin material can be injected or transferred to the mould
assembly 605. The temperature adjustment of the barrel is
done in accordance with information received from the first
control module 603.
15
The first control module 603 is used for adjusting a tempera-
ture of an injection nozzle of the mould assembly 605. The
injection nozzle is not shown in the Fig. 12 for the sake of
simplicity. The injection nozzle is used for heating the cer-
20 tain resin material received by the mould assembly 605 and
for pushing or channelling this resin material into a mould-

ing cavity of the mould assembly 605.

The temperature control of the molten resin material within
25 the injection-moulding apparatus 609 is important. Under nor-

mal operating conditions, the injection nozzle of the mould-

ing assembly 605 has only a short time to heat the resin ma-

terial within the moulding apparatus 609 such that it reach

its desired temperature without significant temperature over-
30 shoot. Thus, it is important the moulding assembly 605 re-

ceives resin material with a desired temperature.



2MBN 029 PCT 38 An injection-moulding apparatus temperature upper control line 687 is provided above
the reference temperature line 685 and it is separated from the reference temperature line 685 by a fixed
distance. Simil§N afdAjeedidn-moulding appa- 5 ratus temperature lower control line 688 is provided
below the reference temperature line 685 and it is 3&parated from the reference temperature line 685 by a
fixed distance. The upper control line 687 and the lower control line 688 enclose or border an area called

an injection-mBGIHfTg ApParatustemE 10° pefitlife 8onloFbafd *THe ifjREtSRTRGERINY Spparatus

f[e_mp(_erature ca@elibweﬁdein@t@szaztemrmatufrezarpacnffjtheﬂgjetﬁmpaﬂ@qld&@g B@ﬁ@r&tu_s, wherein the
injection- mouiing apparatis lempetalue, copial; 45 lot i lesianed for adysting. dp pragice the

reference temperature is provided by a reference voltage supply with a resistance selector switch. The
reference températthe?is &djasteerby changihg pésitions of 20 the resistance selector switch. Fig. 16

shows a hgater status graph 689 of the above-mentioned injection-moulding apparatus. The

injection-mouIdTng %péjfaratus heater status %ra 689 6nc,|udes an injec- 25 tign-moulding apparatus

heater status line 6 ‘I%ﬁtiesns(izeatuVsOI|lr%:é”1 890 ué/teglbet\%vseelﬁseelr(f1 on-state an dalnngffrs?atee].an the on

state, the injectiopemeliding apparatus kéaten i emergised whilehin thezoff statentherdaidilvreater is

disabled. 30 In.use, thejnjection-moyiding apparatis.temperatyre: conroller changesethg,state of the
heater of the injection-moulding ar%%grratus such that the temperature of the injection-moulding 2MBN 029

PCT 39 appar3ftisfrémainst ot t8tHe rBférence teniperaturt st thebfjectionshiolldiig apparatus.
Furthermare, thex#ajectionsnonlding apparatusstesparatges .

The nozzle control circuit 612 acts in a manner that is simi-
lar to the control circuit of Fig. 2. The nozzle control cir-
cuit 612 is used for adjusting electrical power or energy

15 from an external source to the nozzle heater module 631 ac-
cording to the above-mentioned received information. The noz-
zle heater module 631 is used for receiving the above elec-
trical energy and for using this energy to heat the injection
nozzle of the mould assembly 605.

20
The first ADC 632 is used for receiving the reference elec-
trical signal information and for converting this received
information into a digital format. Similarly, the second ADC
634 is used for receiving the temperature-sensing device tem-

25 perature information and for converting the received infor-

mation into the digital format.

The transmitter device 636 is used for receiving the above-
mentioned digital information of the first ADC 632 and the
30 above-mentioned digital information of the second ADC 634.
The transmitter device 636 is also used for sending the re-
ceived information to the receiver module 655 via the trans-

mitter antenna 650 and via the receiver antenna 660.



5 controller adjusts the reference temperature of the injection-moulding apparatus according to inform
information shown by the mould assembly temperature graph 677. This temperature adjustment by the
injection-mouldiMghapipat F5 Fatus temperature controller complements, assists, and improves the
temperature control of the mould assembly by the ¥dould assembly temperature controller. Referring to
Figs. 15 and 16 and referring to a period be- 15 tween the time-points tO and t1, the injection-moulding
apparatus temperature line 686 falls within the temperature control band of the injection-moulding
apparatus. Thedfjectiandgnaulding: heatssrstatusiline 690 dlictuates he-22@ tweer the onstate and the off

state for injecting.a gedain, ampunt ol liegt Intp.the iniectionmoylding anparatus, The.amount of Injected
heat is related to a period or a Suratlon of the on State. The Injected heat is dissipated from the
injection-mouldiRgapperaiis By EoREREtiBR BHeFby fadiation fh 25 KR IcARR thé aPREbACd Injected heat
is about the sarae assthe amount of dissipated heat such that the temperature of the injection-moulding
apparatus remains within the injection-moulding apparatus temperature control band. 30 Between the
time-points t1 to t2, the injection-moulding temperature controller receives temperature information of the
mould assembiy awhichriadidates thratthéuwheulkd’assembheteniperatgrecisvtonchighelreaecordance to this

information, the, 2MBN 029 ECT. 40 Iniectiop:mopiding apparaiistemperaiwe.contrgller changes the

reference temperature of the injection-moulding apparatus. This is shown by a transition of the reference
temperature liffé 8510 &'fcWerTevel % Egfowiry the ioheriiy bFtHecretéttritetentpératare line 685, the
injection-mouldiay apparatus teyapetaidrencantioher agdopusts the beater of the injection-moulding
apparatus such that the amount of Injected heat is less in order that the 10 temperature of the
injection-moulding apparatus is also lowered. This also leads to a resin material within the
injection-moulding dsparatud beirgrcosieE rTHisTooler/resin nidtdriabis lateriajected #tethe mould

assembly, wherein-the rgsinmaterighsgrvesdo-coQlthedneuld assemblysd5re1 heater
module 671 according to the received reference electrical
15 signal information and according to the received temperature-

sensing device temperature information.

When the temperature-sensing device temperature information
can be close to or is greater than the reference electrical

20 signal information, this indicates that the temperature of
the molten resin material within the injection-moulding appa-
ratus 609 is at a desired value. The barrel heater controller
657 does not need to elevate further the temperature of the
barrel of the injection-moulding apparatus 609.

25
When the temperature-sensing device temperature information
is less than the reference electrical signal information,
this indicates that the temperature of the molten resin mate-
rial within the injection-moulding apparatus 609 is less than

30 the desired value. The barrel heater controller 657 then ele-
vates the temperature of the barrel of the injection-moulding

apparatus 6009.



Between the time-points t2 and t3, the reference temperature line 685 remains constant at the lower level.
The injection-moulding apparatus temperature controller also adjusts its heater such that the heat Injected
by the heater alMw's the? 286G€mperature of the injection-moulding apparatus to remain also at or near the
lowered reference temperature. Following this, aftéfthe time-point t3, the injection-moulding temperature
controller receives temperature infor- 25 mation of the mould assembly, which indicates that the mould

assembly temp&fatiiEistho1Bf. THeSihfectionthouiding tehfperatdrdcontroirt ther Ajusts the
reference temperature knel 68bcupweakdisvactarding:toatherreceived temperature irfarmation. 30 The

temperature conyaller ot the juiection:moulding apppratus fempsrature gontgler thep,custed its heater

for raising the temperature of the injection-moulding apparatus 2MBN 029 PCT 41 to the higher

reference temperatdre THSRISG EdGs &S the femperzafe 6R R résin vakerial withif e a -
injection-rgouldingcapparatus to hssease wEe hotier resindnaterial ds fajey Injesteghto thesmoulding
assembly in which thte,hotger 5 Eesin material aé:ts to6 chre%s% ti&e %efmperatfre of th(?1 moulding assembly.
In this manner,lﬂ?eeﬁ]jé(?t‘lloﬁrlﬂlﬁouqafh% ﬁlﬁﬁgrﬁ?uél %empefatulrle controfier ﬁaju\éts its 1fer%f)erature according
to the mould ashd0 semblyitemiperatirerand ties provides aclosed tempetatud® contresloop between the

mould assembly, agd-the-injectiogsmoylding apparatus oL improving temneraiurgcontrof of the

injection-moulding machine. 15 In a special embodiment of Fig. 12, the controller system 600 further
Includes a robBfie 5 ESHFGIEt 674 THE bathut Port 865 BE1RE reCEVEP MGtiE 655’ connected to an
input port 673 o thes rastic arm controller 674. An output port 676 of the robotic arm controller 674 is
connected to a ro- 20 botic arm unit 691. In use, the robotic arm controller 674 is used to move the robotic
arm unit 691 for removing finished moulded parts from the moulding assembly 605 and for placing the
finished mould? 25¢d partsfinfy differéat binstervgelets rFhe sebotiearmréantrdlier 674 selects the

respective bin ip acgordancestathe temperaturednformation, ef the temperature-sensing device 627 and in
accordance to the reference electrical signal information of the reference voltage supply 610. 30 The

finished moulded parts are placed into a special bin for
15 The method includes a step of the temperature-sensing device

627 sending the temperature information of the injection noz-
zle of the mould assembly 605 to the nozzle control circuit
612 and to the transmitter device 636 of the first control
module 603. The method also includes the step of the refer-
20 ence voltage supply 610 sending the reference electrical sig-
nal information to the nozzle control circuit 612 and to the

transmitter device 636.

The nozzle control circuit 612 then adjusts electrical power
25 or energy from an external source to the nozzle heater module
631 according to the above-received information. This enables
resin material within injection nozzle of the mould assembly
605 to be heated such that the resin material is at an appro-
priate temperature.
30
In the meantime, the transmitter module 614 also receives the
above-mentioned information. The transmitter module 614 later

converts the received information to the digital form for



later consideration when the temperature information and the reference electrical signal information are
different from a 2MBN 029 PCT 42 desired set of information. In other words, the finished moulded are
not considered?Protuted drder desired or normal conditions and further study may be needed for
disposing these parts. 5 Fig. 17 shows a flow chart $92 with steps of one possible method for binning
finished moulded parts using information from the controller system of Fig. 12. 10 The method includes a
step 693 of redeidingtehipelatdrd ihfSrntatidit o it temipErtireSefsing devidé 697°ard a step 697 of
receiving refereace<teattidallsighabinformation of the reference voltage supply 610. The received
temperature information and the received reference electrical signal in- 15 formation are then compared
against expected or against desired information in a step 695. If the received information does not meet
the desired inféFfafief rihe kbt arp? Ut GIransiers br muvas tielfins 20 iSHEE paFsd a special bin

for later inspedtion: Jhig issshawndn siep §96s Afterwards, @ operater inspects padtsdndhis bin for

disposing ther%.7l co

ntrast,
cordi

information, the Tobdtic Armm
697. Fig. 18 shows a variation of the injection-moulding machine 30 of Fig. 11. Fig. 18 shows an

injection-mouldipg-machine, 400 with;the,temperatue ¢oniroller-30Q of Fig. L. The injegtion-moulding

machine 400 has a mould injection apparatus 410 positioned next to a mould assembly 413. 2MBN 029

PCT 43

10

15

20

25

30

if the rec ivedgnformatié)tn rgeetsfex e%tation as 25 described in the desired
Gt 591 lfnneﬁg?ﬁén%inls%edlﬁaﬁg 8alé)610'd part bin, which is shown in step

within injection nozzle of the mould assembly 605 is not hot

enough, the barrel heater controller 657 increases the tem-
perature of the resin material within the barrel of the in-
jection-moulding apparatus 609. The resin material with the

barrel is intended for injecting to the mould assembly 605.

Figs. 13 to 16 provide an example of the above steps for il-
lustration purposes. In this example, an injection-moulding
machine uses the controller system of Fig. 12. The injection-
moulding machine includes a mould assembly that receives mol-
ten resin material from an injection-moulding apparatus. The
said controller system includes a temperature controller that
adjusts the temperature of the injection-moulding apparatus

in accordance to the temperature of the mould assembly.

Fig. 13 shows a temperature graph 677 of the mould assembly.
The temperature graph 677 includes a mould assembly reference
temperature line 678 and a mould assembly temperature line
679. Both the temperature lines 678 and 679 extend from time-
point t0 to time-point tl, to time-point t2, and to time-
point t3.

A mould assembly temperature upper control line 680 is pro-
vided above the reference temperature line 678 while a mould

assembly temperature lower control line 681 is provided below



The mould assembly 413 Includes a stationary mould 417 positioned next to a moveable mould 419,
which is attached to a moving apparatus 422. In comparison, the mould injection ap- 5 paratus 410
Includes a nozzZl&¥ 283t alscrew mechanism 430. The nozzle 425 is positioned next to the stationary
mould 417. The nozzle 425 has an Internal cavity 428 and two heater elements 433 and 435 with two
corresponding temperature sen- sors 437 and 439. The heater elements 433 and 435 and the 10

temperature s&iSors437 SR 3ITERE ABUHiEd bH '&n &kfernal SUHBBE Of TRE o22Ie 495,  The
temperature cestiolier 3R ncludes theeontrel eiaﬁdtréﬁaancbm@@_'riawhiehlhmb o@?ﬂr@yir&uit 100 and
100" are 15 copnegied ip. e refergnos.valiage suaply 200, Referring 1o fhe pontiol gruit 4001 the MT2
pin 46' is connected to the heater element 433 via a wire 442 whilst the sensor voltage input pin 14" is

connected to thE W®mpetatift € 2086/ SCABE Vst 8 Wire 442, The referentbxwsitaeSipput pin 16' is

connectedsto theoutputpind4 of seference voliage supply 20QSintarywith referenge ¢o the control

circuit 100, the IYITZ 25}pirk1) 46 js connected to }(he heater elemenlt(§35 via Vﬁi e 446 whilst_the sensor
voltage input pci:n 125sConnected t6'the' ipeerﬁberzsﬁﬁvrqél sehsér 439 Via aNiTe 448, THE Feférence voltage

input pin 16 is tonaected-toothebeutput pin 84 of reference voltage supply 200. 30 2MBN 029 PCT 44 and
14' receive voltages ranging from about 8 mV (millivolts) to about 50 mV or from about 8 mV to about 28
mV. In use, the injection-moulding machine 400 is used for pro- 5 ducing plastic moulded parts while the
temperature cdntrdifér300'%s GSed forSointFollirg tRE%EMperatire Of the injBefion 1R8Ity machine 400.
The mould injeqtiofirapparatus 41015 tised fad jecaivagrad) moulding resinsmaterial andnfor melting the
resin material. The screw mechanism 430 is used for pushing the resin material towards the internal

cavity 428 of the nozzle 425, The temperature sensors 437 and 439 are tsed for ending sen15 sor

voltages of thePRézEle 425>t thecedrtrolicirclitsit0G andr0G AT he seEngon voitages Tanyctemperature
information.  5f the mould assembly that is within the mould assembly tem-

perature control band.
15
Fig. 14 shows a heater status graph 682 of the above-
mentioned mould assembly. The mould assembly heater status
graph 682 includes a mould assembly heater status line 683
that fluctuates between an on state and an off state. In the
20 on state, the heater of the mould assembly is energised while

in the off state, the heater of is disabled.

In use, a mould assembly temperature controller changes the
state of the heater of the mould assembly such that the tem-
25 perature of the mould assembly remains at or near to the ref-
erence temperature of the mould assembly. The heater of the
mould assembly is used for injecting heat energy into the
mould assembly for elevating the temperature of the mould as-
sembly. The mould assembly also acts to dissipate heat by

30 conduction and by dissipation.

Referring to Figs. 13 and 14, between the time-points t0 and

tl, the mould assembly temperature line 679 is above the



The reference voltage supply 200 is used for receiving a ref- erence voltage selection or input from a user
and for provid- 20 ing a reference voltage signal according to the selection for the control circuits 100 and
100'. The userd&dctsazhefeference voltage input according to the mode of the injection-moulding
machine 400 and to the type of moulding resin matérial used by the injection-moulding machine 400. 25
The control circuits 100 and 100" are also used for receiving the reference voltage from the reference

voltage supply™20d AndREtBMberatire SEnsor vorages Hoththe témperafiite JBHsOPs 437 and 439. The
control circuitsdli@®@ aad 100! thehadwIOjust prevision afeenergyornef electrical powier tattke heater
elements 433 aad 435, aceqyding o differences between fhe [eceived,[eference vallage and the received
temperature sensor voltages. 2MBN 029 PCT 45 The heater elements 433 and 435 are used for
receiving the abovRIRMENtiBRRESHhEHY Drieléctficar pofer SThe THEFEY is Htended t8¢4ise the
temperatuse otthe-rgsin, material within 5 the nozzle 425 to a desired pre-determined temperature,
wherein the resin material is in a molten state. The screw mechanism 430 is also used for pushing the
molten resin material out of the nozzle 425 and into the mould as-10sembly 413. The moving apparatus
422 is used foBposiieningthecmoveabierould 40r9with thestatidriary rhbeld-41 spehrthat the moveable

mould 419 andsthe.glatipnary mauld 417 formg.a cavity fon 13 Legeiying, themelten;resin, material from the

nozzle 425. The cavity also shapes the molten resin material to form a desired part. Fig. 19 shows
another embodinert, AHTEH R fltABFVATE" 20 tion i thet@Riperafifre ™ Bhitrol THETMCL0D of Fig. 2. Fig.
19 depictoa tetapekratdre:eentrohaireilit 520 athe controhsireuits 520arcth 200 Inekucersimilan parts that
have the same art r]c%mberos. g;OThe co}gérol cirg%it 520 comggsgs aa'%rllgﬁigtcor Sé%ghag replaces the

TRIAC 34 of the Zélgntro[ecfrrncﬁllt 0°>The t f//ris}}t%r 25 has an anode terminal 527 and a cathode terminal

528 with a gatéhermivial 8303 Semhluse; this thyristor B25-Servesrss rsverse bigeking tridde thyristor. The

thyristor 525 operateg hefweenan onrstate,and an off staten iz the affstate, the thysistar 525 essentially

does not conduct electrical current between the anode termi-
sembly to remain about the mould assembly reference tempera-

15 ture.

Between the time-points t2 and t3, the mould assembly temper-
ature line 679 is below the mould assembly temperature lower
control line 681. This indicates that the temperature of the

20 mould assembly is too low. Thus, the mould assembly heater is
set constantly in the on state, as shown by the mould assem-
bly heater status line 683. This allows the mould assembly
heater to inject maximum possible amount of heat energy into
the mould assembly.

25
Fig. 15 shows a temperature graph 684 of the injection-
moulding apparatus. The injection-moulding apparatus tempera-
ture graph 684 includes an adjustable reference temperature
line 685 and an injection-moulding apparatus temperature line

30 686. The temperature line 685 is adjusted in accordance to

values of the mould assembly temperature line 678.



2MBN 029 PCT 46 nal 527 and the cathode terminal 528. In contrast, in the on state, an electrical current
flows from the anode terminal 527 to the cathode terminal 528. 5 The thyristor 525 can be placed in the
on state by a sigfiral &t2ReRfate terminal 530 and It will be automatically turned off by the reversal of flow
of electrical current in each voltage cycle of the AC power supply 48. While the temperature control circuit
100 with a TRIAC provides a full wave 10 control of the power supply 48, the control circuit 520 provides

a half wave coftrot BARS - LRIy B0 IHOWS efedicawavEfIPRTdRGrams 555 forthe thfistor 525 of the
temperature cantrel ciEcuitiS20 ob FHglelO d5avhenttee opteceupler 28npenetgisedl Refersig to Figs. 11

and 12, an alterpating supply. yoltage 537,9f the, AC,nawer. supply 48 is,apnlied to,the agade terminal 527
of the thyristor 525. 20 At a beginning part of the first positive half cycle of an alternating supply voltage

52 when the ph#Esé ahtfe8f tHe 8apply-voltael 52 19 lessthani&sdle B (dlit) HetffeeBPhe thyristor 525 is

the off state is andlt is Bebtriggared. 25.Rut differenly, norkiggesingssignakisarpliegitowthe gate terminal

530 of the thyri%gr 52§.eUQder these conditions, the thé/gititor 525 does not conducéelectrical current and

the voltage of the Aﬁepovﬁerrl%ﬁpﬁﬁ/m3§ is Eﬁﬁﬁe& across eafh%/rilsgorl@ﬁef@ A the p}tlﬁ% angle 5 (delta)
degrees, the posgiveaicitagecef thenpewet supplyid8 catsed arceléctrical ¢cusremt te floWnrom the power

supply 48 to th@p@%'ke%gkg'fwtﬂ%§16geit@%dzwﬁé\l 92RERCES e ro1 1ine 688 enclose

or border an area called an injection-moulding apparatus tem-

10 perature control band.

The injection-moulding apparatus temperature control band de-
notes a temperature area of the injection-moulding apparatus,
wherein the injection-moulding apparatus temperature control-

15 ler is designed for adjusting.

In practice, the reference temperature is provided by a ref-
erence voltage supply with a resistance selector switch. The
reference temperature is adjusted by changing positions of

20 the resistance selector switch.

Fig. 16 shows a heater status graph 689 of the above-
mentioned injection-moulding apparatus. The injection-
moulding apparatus heater status graph 689 includes an injec-
25 tion-moulding apparatus heater status line 690. This status
line 690 fluctuates between an on state and an off state. In
the on state, the injection-moulding apparatus heater is en-

ergised while in the off state, the said heater is disabled.

30 In use, the injection-moulding apparatus temperature control-
ler changes the state of the heater of the injection-moulding

apparatus such that the temperature of the injection-moulding



emitter pin 30 and to the gate terminal 530. This flow of electrical current triggers or latches the thyristor
525 such that the thyristor 525 is the on state. This allows the thyristor 525 to conduct electrical current
from the AC p@WeN5&UppHE A8 to the heater 50. The voltage across the thyristor 525 falls to about zero
volts while the supply voltage of the power supply 48 is applied across the heater 50. This conduc- tion of
electrical current continues for the rest of the first positive half cycle until the anode current of the thy- 10
ristor 525 falls BEGW H Bartictiar fisidig Garréftat 5806%%&6%%@aﬁaletSPB%&ng@ defrees. This
non-conductiontof electeical currentiby the thynistor 525 continues until the thyristor 525 is triggered again
at 15angle (360 + 5) degrees. The configuration of the optocoupler 28 as a switch between the anode
terminal 527 and the gate terminal 530 of the thyristor 525 provides a very small angle 5 (delta), which is
20 essentially EBASRRAEBVER tine  SAIRTOSt Ginkrediately &FRT risiing: froby 2 efGRRSHPPIy-voltage would

auto-trigger the dhyristor 5254f9alythedeD 5l tras @n thegptacoupler28.drig. 24 -shows a further
embodiment, which is a \ riation of 25 the temgerat re contro) ch{lcuit 100 _of Fig. 2. Fi%. 21 depicts a
t ou a m ho

temperature contrdi Eirctiif 506, TRE 2ontrdf citcitd 100%nd’ 500 HavE ditdifar patrtls?nl'he Sifhilar parts have

the same part bunithersn30Ithe eortrollgirduinb60 Htasran efecttical/current comparator 502 that replaces
the voltage comparator 12 of Fig. 2. The current comparator 502 has an inverting input pin 505 and a
non-inverting input pin 506 with an output pin 507. 2MBN 029 PCT 48 The current comparator 502
Includes a voItS%éScdiﬁBQFdiéFBg? Viith ArSEresiStor 592 and a<ecdnd fasistor$98PBtie end of the first
resistor 59 is connecteahto the: invertag tput 15505 andl tanan trverting isput, pisref the-voltage
comparator 592. Another end of the first resistor is connected to an electrical ground. Similarly, one end
o1 the secon FESAIT 50tae COITEEIad ks the RoLCavering ApLt Bbb Aut B rveiing input pin o
the voltage compatator BIZUANbthere o @t 6ftherséeerd e&sistor 596 is connected to an electrical
ground. In application, the non-inverting input pin 506 is connected to an electrical current reference
supply 509 while the non- 15 inverting input pin 506 is connected to an electrical current

temperature-s&fiding 'deticd 811 #F ond inflémentdtish 6F i teMifefatufe BEALSF iUt 500,

15 tween the time-points t0 and tl, the injection-moulding appa-
ratus temperature line 686 falls within the temperature con-

trol band of the injection-moulding apparatus.

The injection-moulding heater status line 690 fluctuates be-
20 tween the on state and the off state for injecting a certain
amount of heat into the injection-moulding apparatus. The
amount of injected heat is related to a period or a duration
of the on state. The injected heat is dissipated from the in-
jection-moulding apparatus by conduction and by radiation. In
25 this case, the amount of injected heat is about the same as
the amount of dissipated heat such that the temperature of
the injection-moulding apparatus remains within the injec-

tion-moulding apparatus temperature control band.

30 Between the time-points tl to t2, the injection-moulding tem-
perature controller receives temperature information of the
mould assembly, which indicates that the mould assembly tem-

perature is too high. In accordance to this information, the



the electrical current temperature-sensing device 511 produc- 20 es an output electrical current
proportional to absolute temperature while exhibiting an output Impedance of greater than 10
mega-ohms. ItZd{Férafes withTa supply voltage ranging from 4 volts to 30 volts. After calibration, it
produces 298.2 microamperes at a temperature of*998.2 Kelvin, which is 25 de- 25 grees Celsius, and it
can be used to measure a temperature of not more than 150 degrees Celsius. Operationally, the electrical

current referend® §Gppi§ 5O Hrovides Aveferdhie dieliicar tlifrentas 'Sefdctéd B4 Ui 30 according to
an operation moge of aaneulding-dnjecting uma- cliinerand tg adypeofmouldingymateeial processed by the

mouldinginjecfing fuachine, The elegtrical purrent temperalure seneing device, LI pigyides an electrica

current corre- 2MBN 029 PCT 49 sponding to a temperature of the mould-injecting machine. The current
comparator 502tprevidesia comipariscen SijffaF ate8fding to a comparison between the reference electrical
current angl the electrical current of the temperature-sensing device 511. 5 The control circuit 500

changes electric%quower to Lpe qeater p0 acc rgLneg E?et e corggarisrcr)lnesg%nal. eRe{erring6t80 the current

comparator 502° the FirdtTekistor 594 1¢ ied for convér ingthe refSTERZa SIB&ical 8Grant 10 to a

reference voltagesfartheatoltagercomparator 5921 I hesseconekresistor 59618 wisktkfor €dnverting the
electrical current of the femperature-Sensing %‘j@@t’ijo%i%otl}?&’ﬂ{(ﬁgép%%%%%toéE’&?- The voltage

comparator 592 is used for providing the comparison signal. 15 In this implementation, the comparison
signal refers td-43/oltage SIGRAFAItSug t CantalsBGefer'td dif 8fectricaliferit’signal? 20 Fig. 22 shows
a variatiaroof thergomparater 32 of idg.12 thatdinchidesa bysteresisanadule. F9ga22 depicts a comparator
device 700. The campapator degvice 704 Includes A comparator 72 WA | tre injec-

tion-moulding apparatus being cooler. This cooler resin mate-

rial is later injected into the mould assembly, wherein the

resin material serves to cool the mould assembly.

15

Between the time-points t2 and t3, the reference temperature

line 685 remains constant at the lower level. The injection-

moulding apparatus temperature controller also adjusts its

heater such that the heat injected by the heater allows the

20 temperature of the injection-moulding apparatus to remain al-

so at or near the lowered reference temperature.

Following this, after the time-point t3, the injection-
moulding temperature controller receives temperature infor-
25 mation of the mould assembly, which indicates that the mould
assembly temperature is too low. The injection-moulding tem-—
perature controller then adjusts the reference temperature
line 685 upwards according to the received temperature infor-
mation.
30
The temperature controller of the injection-moulding appa-
ratus temperature controller then adjusted its heater for

raising the temperature of the injection-moulding apparatus



25 non-inverting input node 704, an inverting node input 706 and an output node 707. The hysteresis
module has a first resistor 709 and a second resistor 713. One end of the first resistor 709 is connected
30 to a first inpiidin 749 While another end of the first resistor is connected to the non-inverting node 704
and to one end of the second resistor 713. Anothetnd of the second resistor 713 is connected to the
output node 707. In contrast, 2MBN 029 PCT 50 the inverting node input 706 is connected to a second
input pin 715. ﬁ?u§@,eth%l|%1§?§fo%e§6§‘%fh%97I@%@?\?@B‘éﬁepoggi]ﬁ%é f864°5 BHERErdUIE The input pin 713
is used for receiing meastrementivoltage s:whiter thel mput pim ¥4 1ts¢isedjfet teceiving a reference

volage _ Fig, 23 sliows aiagran of ilatignship etween npul yoitgl9.e5,80d optputyoltages of the

comparator 700 of Fig. 22. On one hand, when the measurement voltage Increases and approaches the
reference voltdge-from the Ae§ALiVE direetiBAtHe Rysteresisimaddie alfviesitHe eoftpatr&tor 702 to change

15 state when the measwement witage-excepdsthesreferencanveltage by apre-determined value. On
another hand, when the n]oelasurement voltage approaches the reference voltage from the positive
direction, the hly%?eraess?se%od%]e allows the comparator 702 to change state when the measurement
voltage falls 20 below the reference voltage by a pre-determined value. In this manner, noise near the

reference voltage leyel would not cayse the comparator, 102 10 chapge state. . Lhis mpedule is especially

important for preventinﬁothe comz25 parator 702 from changing state when the measurement voltage is
close to the refétBhée oftage i 4 shows A RaRAfON Bf e Compafatst 12'6f BRY it includes a
sample ard holdmbadulecig: 24 depicisia compara-34Q trdevice J20camsprisingta comparator 723 with

a first sam- ple ang ho{d fnodulg 725 andﬁvgth aosuq_coc[)nd saemgkeyagglgotl%énodule 127 ggits input terminal.

C wee m .dss injectio
The sample and hold modulés 3% and 727 have simifar parts. ]
moulding apparatus for improving temperature control of the

injection-moulding machine.

15 In a special embodiment of Fig. 12, the controller system 600
further includes a robotic arm controller 674. The output
port 665 of the receiver module 655 is connected to an input
port 673 of the robotic arm controller 674. An output port
676 of the robotic arm controller 674 is connected to a ro-

20 botic arm unit 691.

In use, the robotic arm controller 674 is used to move the
robotic arm unit 691 for removing finished moulded parts from
the moulding assembly 605 and for placing the finished mould-
25 ed parts into different bins or buckets. The robotic arm con-
troller 674 selects the respective bin in accordance to the
temperature information of the temperature-sensing device 627
and in accordance to the reference electrical signal infor-
mation of the reference voltage supply 610.
30
The finished moulded parts are placed into a special bin for
later consideration when the temperature information and the

reference electrical signal information are different from a



2MBN 029 PCT 51 The sample and hold module 725 includes a first capacitor 729 connected to a first
switch 731 and to a first input pin of the comparator 723. 5 In use, the module 725 operates between a
sampling mod&Mpd & hdldifg mode. In the sampling mode, the switch 731 connects the 729 capacitor to
an input signal, wherein the input sig- nal charges bt discharges the capacitor 729 such that the 10
voltage across the capacitor 729 practically is equal to or is proportional to the input signal. In holding

mode, the switth™73f distohnetts the>Capaditst 729 rohi e HPUL Sigial S The thpaitor 729 produces a
voltage correspondingtoaits: stosed electiicat-eldanges dine-itiput i ofithel cemparatos 723 experiences

this produced wojtage ip-shoyt, he, samale ad holdpdsles 128.2nd- 727 megsure. yoligges of the inpur

signal by storing electrical charges that correspond to voltages of the input signal for a period. 20 The
modules then pfodifger& voltage corresponding to the stored charge for a period. The sample and hold
module has a feature of preventing varia- tions of an input signal that may affect the comparator. 25 In a
general sense, a conmarsaﬁglrwga.g h%\L/g botp;?e sgil{gl%ple,and hold modyle as well a:\?k;dfg hysteresis

module. Fig. ZElﬁfows an |nject|on-moﬂl(ﬁng rachifie 800 wWith i im- 38nper09883bressure controller. The

injection-mouldiagtmachivre 800 irclgdés aidiecabsernbly8i 2that operates withamouldinjection

apparatus 811¢which is fixed 19 gymachinebed 833. Fhe term "die” is also known as "mould" or "mold".
2MBN 029 PCT

10 The method includes a step 693 of receiving temperature in-
formation of the temperature-sensing device 627 and a step
697 of receiving reference electrical signal information of
the reference voltage supply 610. The received temperature
information and the received reference electrical signal in-

15 formation are then compared against expected or against de-

sired information in a step 695.

If the received information does not meet the desired infor-

mation, the robotic arm unit 691 transfers or moves the fin-
20 ished parts to a special bin for later inspection. This is

shown in step 696. Afterwards, an operator inspects parts in

this bin for disposing them.

In contrast, if the received information meets expectation as
25 described in the desired information, the robotic arm unit
691 channels the finished parts to a good part bin, which is

shown in step 697.

Fig. 18 shows a variation of the injection-moulding machine
30 of Fig. 11. Fig. 18 shows an injection-moulding machine 400

with the temperature controller 300 of Fig. 1. The injection-

moulding machine 400 has a mould injection apparatus 410 po-

sitioned next to a mould assembly 413.



52 The die assembly 812 includes a stationary die 813 and a movable die 814. The movable die 814 is
positioned next to the stationary die 813. In a closed position, the movable die 814 5 and the stationary
die 813 define4WNnterhaPfiould cavities 816, as shown in Fig. 25. As better seen in Figs. 26 and 27, the
stationary die 813 and the movable die 814 also cOrprise grooves that form channels 10 817 when the
die assembly 812 is in the closed position. The channels 817 are also known as runners. Referring to Fig.
25, the stationary die 813 is placed next to a first major surface of a cavity plate 815 and it is re- 15
movably takenTie ancukdeiedbip the stationary die seeeptaclei 815 rThecavity platec815 is also called a

stationary die recepiacle. Both fhe, cavity plale §15 and the stafianary die 813 have,central openings for

taking up a runner insert 826 that is placed into the centra portion of the cavity plate 20 815 and into the
central portionsT'theStakbray die 8123 THe ranieranseAB26-has BRAIfbw 2ofe WWRithAB provided as a

channel op a rgnner832.4he ruenes832 is cennected:its thewghannals 81 7nd beseconnestions are not

shown in the fi%tljres. 25 As b4ezs§ seen in F.igs. 26£nd 2{, one gg\d oftthte,channels 817 js adapted to
receive molten resin from the fiiould iﬁj%séﬁorlloe{lpeparg?uxs gif throeug% fhe'rutiner 8327 Another end of the

channels 817 iklconrigeted ¢6 the régpedtpe cavities 8iBagutiets 821, 4vttich terminatéad aproutlet orifice
in the sta- 30tignapy.die813Refeyring 40.519+2%,,8 Second Ipaios swface ofthe.cavityplate 815, which is

opposite to the first major surface of 2MBN 029 PCT 53 the cavit\a/ plate 815, is placed next to a first
major surface 8PATIAMPiry Pldte B28! Whith3s fixed 16TRE nachineBed 833. The crimping plate 828 is
also called a statighary plate. Jheseardtysplate: 84543 attacheddartbeclamping plate £828. A second major
surface of the gl&r@%igg_ %@teCQZSh\évgiigis&r%%osite to the first major surface of the clamping plate 828, is

placed next to an injection head insert 830

The temperature controller 300 includes the control circuit
100 and 100’ in which both control circuit 100 and 100’ are

15 connected to the reference voltage supply 200.

Referring to the control circuit 100’, the MT2 pin 46’ is
connected to the heater element 433 via a wire 442 whilst the
sensor voltage input pin 14’ is connected to the temperature
20 sensor 437 via a wire 444. The reference voltage input pin
16’ is connected to the output pin 84 of reference voltage

supply 200.

Similarly, with reference to the control circuit 100, the MT2
25 pin 46 is connected to the heater element 435 via wire 446
whilst the sensor voltage input pin 14 is connected to the
temperature sensor 439 via a wire 448. The reference voltage
input pin 16 is connected to the output pin 84 of reference
voltage supply 200.
30
In one embodiment, the wires 442, 444, 446, and 448 have a

length of less than 0.3 meter. The sensor voltage input 14



10 clamping plate 828 is attached to the injection head insert 830. The injection head insert 830 has a
central opening 847, is aligned with a central opening 845 in the clamping plate 828. 15 Referring to the
movable die 8 24Bif hasIEkiple hollow cores in which longitudinally moving cores 818 are inserted. The
moving cores 818 are attached to a moving apparatus 819. The moving cores 818 are also Inserted
inside a core plate 820 that is adapted to keep longitudinal axe of the moving 20 cores 818 essentially
horizontal andE¥Sentially paraitél 1§ eachdsthet W GIOWiNG HaMbving Corés g1s Y& hoVe back and
forth essentialtydnghedrorizontal directionm Tdieocaresplate 82045 @lso galled a guiding core. 25 The
movable die 814 is placed next to a first major surface of a movable die receptacle that is provided by the
core plate 820. A second major surface of the movable die receptacle 820, which is opposite to the first

major surface 67 thes fovalste 8ie) fedeptaceosrollis atirpietitd themovingsaspa 30rias 819. 2MBN 029

PCT 54 The wedges 832 are: locates nextitg the: lifting ihleck 823rwhile the liftinglpek 82Ris in contact
with the movin cores 818.5 The wedgaes ?%2 are s ecured to Pistton rod'% 8&1 of the h)édraul_ic pistons
825, wherein the piét%nur%es 83T afe A 58 ed tomove the't esp%cﬂ\% V\(/)edgese@ﬁ]cgvc\:/a%ﬁsnthe lifting block
823 or away froputhEL hiftingaslock 828020 The wedges 822 have inclined surfaces 827 that correspond to
inclined surfaces 829 of the lifting block 823. The inclined surfaces 827 and 829 are inclined in relation to

the moving direction of the moving cores 818. Put differently, the inclined surfaces 827 and 829 are not
perpendicular {8 thé'fio\? 15y ditetiPBRtRE-moving cores’8£8. ThEse firdiineti Surfaces 827 and 829
are also irocontactiwith @achsathenawbetein the dnalinedrsurfaces 824 afdbewedges 822 contact the lifting
block 823 via its inclined surfaces 829 azg%l(glu%tsratedeg} Iglcgr 25. 20.The tiftﬂ%linredsslurf%%%seji_ﬁzz and 829 are
also adapted such that the Tlli@[ingalglocﬁ1 823 would be pos,ltlor%dS arthier from the die assemlbly 812 when
the wedges 82larteopesitionedaway or farthaefromvthelifting bibek 823zSimitardy, the lifting 25 block 823
would be positioned near to the die assembly 812 when the wedges 822 are positioned toward or nearer
to the lifting block 823. The lifting block 823 is guided by the core plate 820 such 30 that the lifting block
823 is movablé %%séﬁﬁlglﬁfﬁwtﬂﬁehéﬁf&ﬂﬁfdﬁggtigﬁlgvhﬁl%glt 2fifes 8RdtsT MTINEE SLHfACES 829 against the
inclined Surfaces:820 ot tipewedes82 dhis €andie seenfromdrigra2s. 2MBNi@29 ROT

and 100’ . The sensor voltages carry temperature information.

The reference voltage supply 200 is used for receiving a ref-
erence voltage selection or input from a user and for provid-

20 ing a reference voltage signal according to the selection for
the control circuits 100 and 100’ . The user selects the ref-
erence voltage input according to the mode of the injection-
moulding machine 400 and to the type of moulding resin mate-
rial used by the injection-moulding machine 400.

25
The control circuits 100 and 100’ are also used for receiving
the reference voltage from the reference voltage supply 200
and the temperature sensor voltages from the temperature sen-
sors 437 and 439. The control circuits 100 and 100’ then ad-

30 just provision of energy or of electrical power to the heater
elements 433 and 435 according to differences between the re-
ceived reference voltage and the received temperature sensor

voltages.



55 The hydraulic pistons 825 are attached to an intermediary plate 836 of a die clamping apparatus. The
intermediary plate 836 is also called a die clamping movable plate. The die 5 clamping apparatus is not
shown in the figtirds. OPi¥e Hstérmediary plate 836 is attached to a base clamp plate 838 via a support ring
840 and to the movable die receptacle 820. The baSe clamp plate 838 is also called a main movable
plate. 10 The base clamp plate 838 is also connected to a knee lever mechanism 839 that is actuated by
a hydraulic piston 841. The knee lever mechanism 839 is fixed to the machine bed 833. An ejector pin
824 is attachedle ahsuperioregjentortplate3®s 84d. The supenicregjector ptate-844 isyalso=called an ejector

actuation plate, /i, Inferiar sislor Riats 542, whidh s securedlg foe base.clamn plate 538, blocks the
superior ejector plate 844. The inferior ejector plate 842 is also called a blocking plate. The ejector pin
824 is insertedtitra e@nt 201l FolloVE cORENBE - ivtErmédiang plité 18361 aréentral g core of the

lifting block 828na ceniral hollow eere-otibeimoyaple-diesreceptacle 820:aneka eeajral hollow core of the
movable die 814. 25 The pressure contrgller, 8?0 is connectedltto the r@oyld injection apparatus 811 via a
hydraulic line f?’éléﬁrt%]tﬂeﬁﬁyedrﬁlejﬁcl ?)isr?Sn %ﬁ?vialhsydlrﬁuﬁ‘c fines 8527 ahdto the hydraulic piston 841 via a
hydraulic line 853. 30 The hydraulic lines 852 are provided with pressure sensors 834 and with

proportional valyes 83/, fhe.values 83781 cannecled apressyre yalve contglier851.. gMBN 029 PCT

56 Operationally, the die assembly 812 is movable between an open position and a closed position. In the
open position, TRé tRoTaie dié B12Ms pusitidiied apattoraway Hromthe stastidirarydigd B13. In contrast,
in the clased pesitiony the 5.stationary die 813 is positioned next to the movable die 814 such that the
stationary die 813 and the movable die 814 define the internal mould cavities 816, as shown in Fig. 25.
Figs. 26 and 27 lllustrate a normal volume position while 10 Figs. 29 and 30 lllustrate a reduced volume
position. The MbeiNgcores St are movable betweeadhé eeduced Volume posittorrarnéahésormal

volume positiofeu1d 419 with the stationary mould 417 such that the movea-
ble mould 419 and the stationary mould 417 forms a cavity for
15 receiving the molten resin material from the nozzle 425. The
cavity also shapes the molten resin material to form a de-

sired part.

Fig. 19 shows another embodiment, which is a further varia-
20 tion of the temperature control circuit 100 of Fig. 2. Fig.

19 depicts a temperature control circuit 520. The control

circuits 520 and 100 include similar parts that have the same

part numbers.

25 The control circuit 520 comprises a thyristor 525 that re-
places the TRIAC 34 of the control circuit 100. The thyristor
525 has an anode terminal 527 and a cathode terminal 528 with

a gate terminal 530.

30 In use, this thyristor 525 serves as reverse blocking triode
thyristor. The thyristor 525 operates between an on state and
an off state. In the off state, the thyristor 525 essentially

does not conduct electrical current between the anode termi-



As better seen in Fig. 27, when the die assembly 812 is in 15 the closed position and when the moving
cores 818 are in the normal volume position, the moving cores 818 do not block the outlets 821 of the
channels 817. FigN30 3hoWsT when the moving cores 818 shift to the reduced 20 volume position, the
moving cores 818 block and cover the outlets 821%f the channels 817 such that any molten resin within
the outlet 821 is in contact with the circumferential surface of the moving cores 818. The blocking

prevents the mMBlterPresif Withit thé& ThARABISST7 ot floting bt OF e 25 Tunhier biflef'821 into the
mould cavitiessBE5.dn this reteicedivalumeupasition fihevmnovingncores 818 &dsa eeduceathe volume of the

die cavities 81§2t}qetrgb¥}g:é)rgpdngk§§w e malten resin, which is take up therein. 2MBN 029 PCT 57 In
use, the movabie die 814 is positioned by the intermediary plate 836, which is moved by the base clamp

plate 838. The base clamp plate 838 is in turn moved by the knee lever mechanism 839, which is

actuated by thethydraylic piston 844. dhe peressurecontralies 850 centrelsdhe hysgraulia piston 841. The
intermediary plate 836 can be actuated s that jt moves away from the stationary die 813 or towards
é%_ d $30 and VEY S

the stationary die When fre ihtéine iary ‘E‘)Pa e 836 moves away FronT t7E ystgﬂcr)ﬁgry die 813, the

movable die 824 alsy nidvesraway fromdiie Statiorery<die 813t teeénter imtortheiopem position of the die
assembly B12.Simlagly. ayhan the inieumgeiany late 338 is agiated fawayd he sgliopawy die 813, the
e

movable die 814 also moves toward the stationary di to assume the 15 closed position of the die

assembly 812 5FR& nomtiRjectioh@pparatifs 81 tlis tised for réceivitigiresih fatéridfintthe form of
pellets. Tihe receivedaesit pelletsparedntendetl fordneading anddfors plasticizing byza screw 20
mechanism of&kilgergogldgnjlegtivcv)gvaeppaorgﬁ%s §1% iri a manner that is controlled by the controller 850. The
plasticizing process Includes a step of Inc uo?ing ﬂagticizers into the resin pellets. The plasticizers serve
as to impart flexibility, workability, or stretchability to the resin pellets. The 25 mould injection apparatus

811 is also used for heating,these; wesin: pellets,suehthat the Jgsiniellets arg in apmoltgn state. The

molten state allows the resin to be Injected into the mould cavities 816 of the die assembly 812. 2MBN
029 PCT ristor 525 of the temperature control circuit 520 of Fig. 19

15 when the optocoupler 28 is energised.

Referring to Figs. 11 and 12, an alternating supply voltage
537 of the AC power supply 48 is applied to the anode termi-
nal 527 of the thyristor 525.

20
At a beginning part of the first positive half cycle of an
alternating supply voltage 52 when the phase angle of the
supply voltage 52 is less than angle o (delta) degrees, the
thyristor 525 is the off state is and it is not triggered.

25 Put differently, no triggering signal is applied to the gate
terminal 530 of the thyristor 525. Under these conditions,
the thyristor 525 does not conduct electrical current and the
voltage of the AC power supply 48 is applied across the thy-
ristor 525.

30
At the phase angle O (delta) degrees, the positive voltage of
the power supply 48 causes an electrical current to flow from

the power supply 48 to the collector output pin 31, to the



58 The molten resin is intended for transmitting from the mould injection apparatus 811 through the
runner 832 of the runner insert 826, through the runners 817, and through the runner outlets 817 to the
mould cavities®H8! S Thekfiduld cavities 816 are used for receiving the molten res- in and for forming the
received molten resin into a predetermined shape4The formed resin solidifies when sufficiently cooled to
form mouldings or products. In the open po- 10 sition, the stationary die 813 is positioned apart from the

movable die 84 5uththBi thefinBhed Hobiingé tan e Femaved “The Ejdciof piffs 824 are used for
removing the fished mauldingsdey urgingdbe fimished moiidingsheutofithe open digsassembly 812, 15

The pressure valye copirolle Bp1.agtuates the pigporionalxalves 837 tg,contiol the hygaulic pistons

825 by varying amount of force applied on the hydraulic pistons 825. The amount of actuation is in
accordance topréssire meastre@ by 20 thfe préssire Serisor 838. Thethydraufie prstsfAs 825 is controlled

by pressuee valvecontrober85iie pasitian-there-speciverugdges B22dowasdsthe liing-block 823 or
away from the gg%ngfgholcé( 8t23. %27;; he ressurel\{glv%hcolnetr(%ll?er 851 receives pressur m%aelsurement

o a ero vo 1 upply voltage .
values from theé pressure sensor 11: € pressure measuremen vglﬁeg corresp%ndoto tTﬁe posmon of the

wedges 822. Thevmeasuped préssure providesifeedback inforniatioreto the.préssare controlier 850. 30

When the wedges, B22-are pesitioped towards the liffing,block 823, the wedges,22,exerts a pressure
force on the lifting block 823 to move the lifting block 823 together with the 2MBN 029 PCT 59

first positive half cycle until the anode current of the thy-
10 ristor 525 falls below a particular holding current at about

the phase angle of about 180 degrees.

This non-conduction of electrical current by the thyristor
525 continues until the thyristor 525 is triggered again at

15 angle (360 + O) degrees.

The configuration of the optocoupler 28 as a switch between
the anode terminal 527 and the gate terminal 530 of the thy-
ristor 525 provides a very small angle O (delta), which is

20 essentially constant over time. Almost immediately after ris-
ing from zero, the supply-voltage would auto-trigger the thy-
ristor 525 if only the LED 51 turns on the optocoupler 28.

Fig. 21 shows a further embodiment, which is a variation of
25 the temperature control circuit 100 of Fig. 2. Fig. 21 de-

picts a temperature control circuit 500. The control circuits

100 and 500 have similar parts. The similar parts have the

same part numbers.

30 The control circuit 500 has an electrical current comparator
502 that replaces the voltage comparator 12 of Fig. 2. The
current comparator 502 has an inverting input pin 505 and a

non-inverting input pin 506 with an output pin 507.



moving cores 818 towards the stationary die 813. The moving cores 818 then assume the reduced
volume position. In this position, the hydraulic pistons 825 exert forces that are transmitted via the
wedges 822, vidlthe fitingHléck 823, 5 and via the moving cores 818 to the molten resin in the mould
cavities 816 to further compress it. The machine b&8 833 is intended for supporting and for fixing the
stationary parts of the injection-moulding machine 800 10 and the stationary parts of the mould injection
apparatus 811. Fig. 31 shows a schematic of a pressure controller for the injection-moulding apparatus
811 of Fig. 25.1Fig. 3l depictsctmthe pressuié Tontrolled 850:thad include s the eoatrokcisedit 100 of Fig. 2.
Referring to the ipput,stage.of the.conirol cirewit 100, the dnverting Joput pin 4 of the, comparator 12 of the
control 20 circuit 100 is connectedg to the pressure sensor 834 of Fig. 25. The pressure sensor 834 is also
called a pressidre $&¥soridéVice SReéfdrfing 18 the DutparsageofitheCohtidHEHEbit™ 00, TREMT2 pin 46 of

the TRIAG 34 isoconnected the hydrawlic piston 826 efithednjectionsmouiding ppsuatiis,811 of 25Fig. 25.
The pressure %%r}sorAdevg%e 834 Inclu €s a pressure sensor module 857 an(tj %vglta e step-down circuit
859. The pressure’seﬁls%r Rodtife’s57 hasan 6ﬁfputrneosdles§8f. ‘]'ﬁecs?élf)l-%cov?n cir~30 cuit 859 includes a
first resistor 863 .and aisedoryd resistor 8851 Bie endasfeherfitstresister 868ds ¢onmectewbto the

pressure-sensge pnqdule giiiput node 861 while another,end of the. firstyggisior863 is,coppected to a
step-down output 2MBN 029 PCT 60 node 867 and to one end of the second resistor 865. Another end of

the second resistor 86578 cotriected fo ah elBetritat GFATE BT G8é Cthe’Presstife sBRsor module 857 is
used for measuring@t pressuse of edfluid 90 $he hyslsaulicslines 852 thetwee nathedhydraulie piston 825 and
the proportionalr\{jallll\rl1 s 837. The step-down circuit 859 is used for stepping down or for 10 reducing the
voltage measutement signal of the pressure sensor module 857 such that the reduced signal is suitable
for the comparator 12 of the control circuit 100. The control circuit 100 adjust the valves 837 to vary forces

In application, the non-inverting input pin 506 is connected
to an electrical current reference supply 509 while the non-
15 inverting input pin 506 is connected to an electrical current

temperature-sensing device 511.

In one implementation of the temperature control circuit 500,
the electrical current temperature-sensing device 511 produc-
20 es an output electrical current proportional to absolute tem-
perature while exhibiting an output impedance of greater than
10 mega-ohms. It operates with a supply voltage ranging from
4 volts to 30 volts. After calibration, it produces 298.2 mi-
croamperes at a temperature of 298.2 Kelvin, which is 25 de-
25 grees Celsius, and it can be used to measure a temperature of

not more than 150 degrees Celsius.

Operationally, the electrical current reference supply 509
provides a reference electrical current as selected by a user
30 according to an operation mode of a moulding-injecting ma-
chine and to a type of moulding material processed by the
moulding-injecting machine. The electrical current tempera-

ture-sensing device 511 provides an electrical current corre-



15 applied on the hydraulic piston 825. The force variation is according to the voltage measurement
signal of the pressure sensor module 857 and to a pre-determined voltage signal of the reference voltage
supply 200. 202TRi$ émbodifient shows that the control circuit 100 can be used as a pressure controller
and not only as a temperature controller. Fig. 32%hows an embodiment of the pressure sensor module
857 25 of the pressure sensor device 834 for the pressure controller 850 of Fig. 31. The pressure

sensor module®B87 IHERdES £s&REEEGRIt 870 SPoweranit 872° Fhisowertinit 8728 onnected to
the sen30 sor unit 8#0cby argenneciionsceaxiabedhle 87%b. Refesanng o the seasoruni 87 0n it comprises a

piezoelectic slement 877 sonnected 0,20 ampliier devies &79; 2VEN 029 PCT 63, frst end of the

piezoelectric element 8/7 is connected a gate termin a MOSFET transistor 881 of the amplifier
device 879 while@ Se€sid efitlloftRe[REZoélectrtCelePABRIST T 595 eIt HicH gF6Gnd 893 of the

sensor uni 87@nOne-end of accapacitor 895 isralse conaestad ta-the piszeelediric gt ergnt first end
while another end é)(g the cagﬁ]citor %95 i%connected,the electricaé ground 893. Similarly, one end of a bias
resistor 897 is ‘connected to lenBiez%e ectric elément 10 firsPend while another end of the bias resistor
897 is connected the electrical ground 893. A source terminal of the MOSFET transistor 881 is connected

to a wire of the.cennedtipn cgaxial cable,873. Adraintermi- 15 nal of the-MQSFE]I trapsistor 881 is

connected to the electrical ground 893 of the sensor unit 870 and to a base terminal of a bipolar transistor

899. A collectottérmihal 9F thé Dipdlartransistar 899 i< 86RREERT B the Coritidction™csaXial cable wire
while an emitterstesmiralafdhe bipolat dransiss 20 tar 899 isseenrectied ta the electricahground 893.
Referring to the conné:ction .cqﬂaxial le 875éété1afsog shielggenrgccl:ondgé%tor tq%tcscurrg%%rlds the connection

. SECO res LOor 1S U n n S .
coaxial cable wire. The s?wle]ﬁlng conductor Is separateg from the con- 25 nection coaxial cable wire by an

electrical insulating Phaterial. thee Shieddingteoriurtosisicoriracted t§ the Blectfital grolined893 of the

sensor unit 87Q,np Refering to the-pawes Unit,872hsamprisessa PG yoltagg 3f,source 900 with a
current regulation diode 903.

providing the comparison signal.
15
In this implementation, the comparison signal refers to a

voltage signal although it can also refer to an electrical

current signal.

20 Fig. 22 shows a variation of the comparator 12 of Fig. 2 that
includes a hysteresis module. Fig. 22 depicts a comparator

device 700.

The comparator device 700 includes a comparator 702 with a
25 non-inverting input node 704, an inverting node input 706 and

an output node 707.

The hysteresis module has a first resistor 709 and a second
resistor 713. One end of the first resistor 709 is connected
30 to a first input pin 711 while another end of the first re-
sistor is connected to the non-inverting node 704 and to one
end of the second resistor 713. Another end of the second re-

sistor 713 is connected to the output node 707. In contrast,



2MBN 029 PCT 62 terminal of the voltage source 900 is connected an electrical ground 906 of the
amplifier device 879. A cathode of the regulation diode 903 is connected to the connection coaxial cable
wire and to onéM8rmiha? of@lcoupling capacitor 905. 5 Another terminal of the coupling capacitor 905 is
connected to a wire of an output coaxial cable 907°8nd to one end of a pull-down resistor 909. Another
end of the pull-down resistor 909 is connected to the electrical ground 906. A positive 10 terminal of a
monitoring voltdye metér§13 % BoAfiedtddto the corhettions al‘Cabile e Whilt"& hegative terminal
the monitoringpdoitagesmeter 912 is connected the electrical ground 906. The electrical ground 906 is also
connected to the shielding conductor of the connection coaxial cable 875 15 and thus to the electrical
ground 893 of the sensor unit 870. In use, the sensor unit 870 receives a fluid pressure of the hydraulic
line 852 of the 1RjeéfiBn-rAbEIditS appar&tus Sl BBRFIG: 25 THeepowetr uni872 Biectfi€slly powers the
sensor 20sunit@/8such thatithesensossinit 46, praduces vieliage sorrespending;tadhessaid fluid
pressure. The connection coaxial cable ?75&51 used foir: transfe{{i?g,electric I power from the power unit
872 to the sen8brlinit 25°8 8zéffjﬁlsfovlrvkfrlanesferr%gltwoeuvoIfbalgré produlcsedugf e $énsor anit 870 to an
output terminal ofthe pewer emit872 lingzarticular, the piezoelectric element 877 is used for in- stalling in
the hydraulic line 852 and for receiving a pres- 30 sure of the hydraulic line 852. The piezoelectric

element 877 also produces an electrical charge or voltage corresponding to the received pressure. The
capacitor 895 and thé Hidd res 2MBREEZTPCT 63%isor BT tbyetiidr S used for SiobiEn any spikes
in the voltage ekpiezaelactic eleroept§éé. of the comparator 700 of Fig. 22.

On one hand, when the measurement voltage increases and ap-
proaches the reference voltage from the negative direction,
the hysteresis module allows the comparator 702 to change

15 state when the measurement voltage exceeds the reference
voltage by a pre-determined value. On another hand, when the
measurement voltage approaches the reference voltage from the
positive direction, the hysteresis module allows the compara-
tor 702 to change state when the measurement voltage falls

20 Dbelow the reference voltage by a pre-determined value. In
this manner, noise near the reference voltage level would not

cause the comparator 702 to change state.

This module is especially important for preventing the com-
25 parator 702 from changing state when the measurement voltage

is close to the reference voltage.

Fig. 24 shows a variation of the comparator 12 of Fig. 2 that
includes a sample and hold module. Fig. 24 depicts a compara-
30 tor device 720 comprising a comparator 723 with a first sam-
ple and hold module 725 and with a second sample and hold
module 727 at its input terminal. The sample and hold modules

725 and 727 have similar parts.



The DC voltage source 900 is used for providing electrical 5 power to the MOSFET transistor 881 and to
the bipolar transistor 899 of the amplifier device 879. The monitoring volt- age meter 912 is used for
checking the votae8 4t th€ DC voltage source 900. The diode 903 is used to regulate flow of electrical
current from the DC voltage source 900. This elec>10 trical current flow is dependence on the voltage
difference between the voltage of the DC voltage source 900 and the voltage produced or driven by the
amplifier device 879. The amplifier device 879, being powered by the DC voltage 15 source 900,
produces an amplifieshydltagencoitespondiaglte the svoltageupreducedibysthe-piezoetectric 2lement 877.

This amplified yoltage is transmitted o the outpyt oaxial cable 907:yiathe gonnestion ggaxial cable 875,
20 In example of the pressure sensor module 857, the piezoelectric element 877 can be used for sensing
a maximum pré8surePBPEge, 000 psi{pound per square inches). The 879 produces 0.07 millivolt for every
1 psi expetienced by the piezoelectric element 877. 25 Figs. 33 and 34 show an injection-moulding
machine 950. The injectigg-mougjirﬂ% n:}%%hine 950thas}§>arts similar to th(i irg'ectior&-moulging machine
811 of Fig. 25.Ilﬂe§1§r?ption of the Similar par%D Fsri%cgrspor%%@ %9 réferenice. 36 The ﬁlje?&lonafmoulding
machine 950 Hasla tiey assémbly contrelleduylamimproted presstwe tontrolér 968ndhespressure

controller 953 is,connected g & pressute senspp9p5and to a gMBN 029 RCT; 64, solenojd valve 957 via

hydraulic lines. The solenoid valve 957 is also connected to hydraulic cylinders 825 via hydraulic lines. 5
The pressure Sénsdi I8 Bnotinted next &8 nhbEIdTg eavity Bjetdr pitr835 ot thé Mjection-moulding
machine1950. Thetpressurersersam@b s isoattached tQ a superiorejectpr plateBd4 and the pressure
sensor955lﬂqﬁgsgggggggg%%%l to the input signal. In holding mode, the

switch 731 disconnects the capacitor 729 from the input sig-

nal. The capacitor 729 produces a voltage corresponding to

its stored electrical charge. The input pin of the comparator

15 723 experiences this produced voltage.

In short, the sample and hold modules 725 and 727 measure

voltages of the input signal by storing electrical charges

that correspond to voltages of the input signal for a period.
20 The modules then produce a voltage corresponding to the

stored charge for a period.

The sample and hold module has a feature of preventing varia-
tions of an input signal that may affect the comparator.

25
In a general sense, a comparator can have both the sample and

hold module as well as the hysteresis module.

Fig. 25 shows an injection-moulding machine 800 with an im-
30 proved pressure controller. The injection-moulding machine

800 includes a die assembly 812 that operates with a mould

injection apparatus 811, which is fixed to a machine bed 833.

The term “die” is also known as “mould” or “mold”.



10 cavity ejector pin 835. The superior ejector plate 844 is secured to an inferior ejector plate 842, which
is also connected to the hydraulic cylinder 825. The moulding cavity ejector pin 835 extends from a hollow
15 core of the sSUpEridr jectar plate 844, to a hollow core of an intermediary plate 836, to a hollow core of
a lifting block 823. In a closed state of the injectiofoulding machine 950, the moulding cavity ejector pin
835 also protrudes into a moulding cavity 816 of the injection-moulding machine 20950. In a special case,
the moulding cavity ejector pin 835 also extends into a hollow core of a moving core 818. 25 The
hydraulic cylinders 825 are cannegted o wedhes322. Ehe wedgesy822 are posiioned next-to a lift block
823, which is in,contagtwith she paving care 818, of the,injection-moplding maching 930, In the close
state, the moving core 818 is positioned next to the moulding cavity 816. 30 Fig. 35 shows the pressure
controller 953 it @&t ThE predsire’ confroflerdS3 $RcIBEES Pty of e fepnératuréiortttdller circuit 100

of Fig. 2. ZMBN{293 PCTE 6achhe somparatar? gt the eontrellencicctit 10Q seceivespressure sensor
signals from th8el%ressure sensor. 955 while the TRIAC 34 of the controller circuit 100 adjusts power to 5

the solenoid valveé’957, ﬁﬁheoﬁi}drlanuli%l&lin%er' 825 includes a hydraulic pump 965 and an oil reservoir
968. The hydraulic pump 965 is connected to the solenoid valve 957 via a hydraulic line, to the hydraulic

10 cylinder 823 vig, apptherydraylic ingand fo 1he ol reseryoi 963 via yet,anotheshydrgylic line. The
hydraulic cylinder 825 Includes a piston 825 and a piston rod 831. One end of the piston rod 831 is

connected to thBHiStoreE25 while didther BAdTRE piStoRr o831 i€'édnhectedtoheSAédge 15822. In
use, in alglosedistaterehtheninjertion:monding machine 950 tthe mositdingwayity 846. istused for receiving
molten resin material 4nd fqr;shaping the regin material, 2Q. < .
Referring to Fig. 25, the stationary die 813 is placed next
to a first major surface of a cavity plate 815 and it is re-
15 movably taken up and received by the stationary die recepta-
cle 815. The cavity plate 815 is also called a stationary die
receptacle. Both the cavity plate 815 and the stationary die
813 have central openings for taking up a runner insert 826
that is placed into the central portion of the cavity plate
20 815 and into the central portion of the stationary die 813.
The runner insert 826 has a hollow core, which is provided as
a channel or a runner 832. The runner 832 is connected to the

channels 817. These connections are not shown in the figures.

25 As best seen in Figs. 26 and 27, one end of the channels 817
is adapted to receive molten resin from the mould injection
apparatus 811 through the runner 832. Another end of the
channels 817 is connected to the respective cavities 816 out-
lets 821, which terminate at an outlet orifice in the sta-

30 tionary die 813.

Referring to Fig. 25, a second major surface of the cavity

plate 815, which is opposite to the first major surface of



In a compression mode of the hydraulic pump 965, the hydraulic pump 965 transfers oil from the oll
reservoir 968 to the hydraulic cylinder 825. This transfer causes the oil within the hydraulic cylinder 825 to
exert a force oAtBthe pistER 5825, onto the piston rod 831, and onto the wedges 822. The force also
shifts the wedges 822 towards the lifting block 823 3vhich in turn shifts the moving core 818 towards the
moulding cavity 816. The moving core 818 then compresses the resin material within the moulding cavity

816. 30 The motifdifig cavity&jector pir 835Ts ST Tor 1E&EIvINnY thelpressulé &P the WdWiding cavity 816
and for transmitting thisapiessyreia the pesssure sensos 955x2MBN 028 PEkcborEhéeantrol circuit 100 is

used for obtaining pr@ggurglraqﬁgm%s ér?g% the, pressure sensor 9p5and gt%rgig%tg ined threshold value
ly 20 d

from the reference voltage supply . The 5 control circuit 100 also used for adjusting the valve 957
according the BbHifed Hata CPie sBlehoid vafle 957 is AeRiHied dlectreally  Phe vaweé 957 $s used for
adjusting forcesfrgm the hydraulic 10 pump 965 onto the hydraulic cylinder 825. When the pressure
reading of the moulding cavity 816 reaches a pre-determined optimal level, the pressure controller 953
actuates the sole- noid valve 957 such that the solenoid valve 957 is closed such that the hydraulic
cylinder 825 dées aobreceive @nysls paessuré oriferce fopi the hydrauliesumpo6s) Ina release mode of

the hydraulic pymp 965, the, hydraylic pump 963 transters oilip theseverse directian,wherein the oil is
transferred from the hydraulic cylinder 825 to the oil 20 reservoir 968. The oil then [Ei%ﬁs/hes the piston 825

in an opposite Hirectibh iRVAHTEA thePiston 875, theS5istonrotres as Gl ds’the Mdving core 818 are
moved away frorathe mowding:cavity 816225 dniastopen stateiof tbednjectinasnoultiag tnachine 950,
the inferior ejegt:% pleftne6842 is u§§g r{o&gg%:atirqg tpg sgboderi% ejectgé Q{%t§1844- This acé%tion moves the

moulding cavity ejector piﬁ%js For removing fhe finished moulded parts awayoﬁgnmlﬁmge moulding cavity

816. 30 Fig. 36 fllustreges A pressure SenserIsSEHeNtHEopessure cohtroflér9831f Figa35. The pressure
sensor 955 inclydes a piezoelectric element 960.

15 Referring to the movable die 814, it has multiple hollow
cores in which longitudinally moving cores 818 are inserted.
The moving cores 818 are attached to a moving apparatus 819.
The moving cores 818 are also inserted inside a core plate
820 that is adapted to keep longitudinal axe of the moving

20 cores 818 essentially horizontal and essentially parallel to
each other while allowing the moving cores 818 to move back
and forth essentially in the horizontal direction. The core

plate 820 is also called a guiding core.

25 The movable die 814 is placed next to a first major surface
of a movable die receptacle that is provided by the core
plate 820. A second major surface of the movable die recepta-
cle 820, which is opposite to the first major surface of the
movable die receptacle 820, is attached to the moving appa-

30 ratus 819.

Referring to the moving apparatus 819, it includes wedges 822

and a lifting block 823 together with hydraulic pistons 825.



2MBN 029 PCT 67 The piezoelectric element 960 is used for receiving a pressure of the moulding cavity
816. It produces an electrical charge or voltage corresponding to the received pressure. 5 This voltage is
transmitted to &BoAparatsr 12 of the temperature controller circuit 100. Fig. 37 shows a management
system 980 for an injection-moulding machine 982 “4The injection-moulding machine 982 in-10 cludes a
display terminal 983. The management system 980 Includes a plurality of mobile phones 985
communicativel) TofiTieeted 5 4 srver 686 - tHe tidhild phbhes 985 ardefuippediwith build-in cameras.
15 In use, the display terminalf@83 ds bsedfoBdisplaying sensoatempetraturé seadingsand desired
temperature readings of the injection-moulding machine 982. 20 Operators use the mobile phones 985 to
generate status reports. The status reports Include the readings displayed by the display terminal 983 as
well as comments of the injection-moulding machine 982. The status reports can also Include

photographs ofthe display: os photagraphs.ofdhenjes: 2bdion-mpulding machine 8§2-khese
photographs are taken with th meras of the mobile phones 985. The mobile phones 985 are also used
for sending the[ statfis Srgﬁgﬁs %%?‘ie "rvéﬁgﬁihré gg:%?éé%??’hﬁor%%o?t]‘i;&g %érevearﬁb%%tﬁ cah forward the
status reports @ mwbilesplrenes 9850f othdpasers; suthves siapetvisors IOrimairtténatmice erews, for further

actions. The reporting seryer 986 can;also ysethe statussreports to generate alerts for the other users.
2MBN 029 PCT 68 In a generic sense, the mobile phones 985 serve as mobile computing devices. 5 This

embodiment allows visual feedback to supervisors of the production area for better management of the
area andifor improvedefticieney ofdhe productien liberfaces 827 that correspond to

inclined surfaces 829 of the lifting block 823. The inclined
surfaces 827 and 829 are inclined in relation to the moving
direction of the moving cores 818. Put differently, the in-
clined surfaces 827 and 829 are not perpendicular to the mov-

15 ing direction of the moving cores 818. These inclined surfac-
es 827 and 829 are also in contact with each other, wherein
the inclined surfaces 827 of the wedges 822 contact the 1lift-
ing block 823 wvia its inclined surfaces 829, as illustrated
in Fig. 25.

20
The inclined surfaces 827 and 829 are also adapted such that
the lifting block 823 would be positioned farther from the
die assembly 812 when the wedges 822 are positioned away or
farther from the lifting block 823. Similarly, the lifting

25 Dblock 823 would be positioned near to the die assembly 812
when the wedges 822 are positioned toward or nearer to the

lifting block 823.

The 1lifting block 823 is guided by the core plate 820 such

30 that the lifting block 823 is movable essentially in the hor-
izontal direction while it slides on its inclined surfaces
829 against the inclined surfaces 827 of the wedges 822. This

can be seen from Fig. 25.



In summary, the embodiments show several aspects of the ap10plication. The application provides an
Improved temperature controller module for an injection-moulding machine. The injection-moulding
machine receiv&SmadlddingCresin material, melts the 15 resin material, and shapes the molten resin
material to form finished parts. Specifically, the tefnperature controller module includes a passive
component network and one or more analog controllers 20unit. Referring to the passive component
network, it comprises a power supply terminal, a machine mode selector switch with at least two machine
mode selectorpositions; aumatefiadlstype 2B 86lectar switchrwdth atdeast twia snatetiabtype selector

positions, and S‘Pa%%tpé‘gf.?rgyng'-&%e ROWEL fH&%%?ﬂH?%'si? used ffﬁ*{}%%%ié’!ﬂ%%@ exernal
pre-determined DC supply voltage. The machiné mode selector 30 switch is used for selectively
connecting the®péwer sappRy tetrhital td che of tidBt oreovarkdislefthaRinemddéiresistors. 2MBN 029

PCT 69 Adisergcanghangednsitiens of the,paching made selectarswiteh acgerdingdemode of the
injection-moul%liggrmac inge. Tge user can also change r%%istance valueﬁg th%]%a%hine mode resistors

. . . a 6.1s attac to cla S . a .
for eliminating Tésistor-manufacturing efrors. Sthé matenartype setector switch'is used for selectively

connecting one afthe variabte mEthime! ntode resistorstd onéief twarephroréematstial Type resistors. The
machine modg selectar.switch, ihe vasiable machine mede resistors, the, mate- 19 Jial type selector

switch, and the material type resistors are connected in series. Similarly, a user can change positions of

the material type selector switch according type of resin material used by the injection-moulding machine.
15 The ougput terminakis usechforproviding @ sensarshresheld vadde .t bhe senser thyeshold value serves
f\‘iz‘z |r gferencem‘éac'H%%%ner@@%raé re control of 3 pait of the injection;moulding maghjipe, SUch as injection

knee lever mechanism 839 is fixed to the machine bed 833.

An ejector pin 824 is attached to a superior ejector plate

15 844. The superior ejector plate 844 is also called an ejector
actuation plate. An inferior ejector plate 842, which is se-
cured to the base clamp plate 838, blocks the superior ejec-
tor plate 844. The inferior ejector plate 842 is also called
a blocking plate. The ejector pin 824 is inserted in a cen-

20 tral hollow core of the intermediary plate 836, in a central
hollow core of the lifting block 823, a central hollow core
of the movable die receptacle 820, and a central hollow core

of the movable die 814.

25 The pressure controller 850 is connected to the mould injec-
tion apparatus 811 via a hydraulic line 854, to the hydraulic
piston 825 wvia hydraulic lines 852, and to the hydraulic pis-

ton 841 via a hydraulic line 853.

30 The hydraulic lines 852 are provided with pressure sensors
834 and with proportional valves 837. The valves 837 are con-

nected a pressure valve controller 851.



20 The output terminal is connected to the material type resistors, wherein the output terminal receives a
voltage of the external pre-determined DC supply voltage via the selected variable machine mode resistor
and the selectédiPiate?ial Bigje resistor. 25 Referring to the analog controller unit, it comprises a sensor
terminal, a threshold detector, an optical coupling @évice, a power supply terminal, a heater terminal, and
an analog semiconductor power switch. 30 The sensor terminal is used for receiving a measurement

value for an extBfifdl SEMEor The theshiofd A8RTE T Jded fot rBRERMG thE ABGEE-MBntioned sensor
threshold value@and thes 2MBN G201 PC T 70sahb e mentionedisenser measurement valpye. The optical

coupling device,Js coniguied such fhat the hieshald.etecior Actuates ie antigal egupling device. 5 The

power supply terminal is used for receiving an external AC power supply. The heater terminal for
providing electrical8rgrgiito & extertal feateroF hedlingle paftsiafenfjetibAlmotifting machine. 10

The analog septigenductoy, pewerswitchsisgesad forraviding the AG powsrsupply: frons the AC power
Cemiconductor Bower Snoh fous AbtBrovide 148 AL oY SLRB HRe o AC pbkAr SCRPlY terminl 15
to the heater térmimat nhemtheroptical coupling devics iAot acteatéchvn anothepeniidodiment, the
analog semiconductor power switch does not provide the AC power supply from the AC power supply 20
terminal to the heater terminal when the optical coupling device is actuated. The analog semiconductor
power switch proVitlesthe?RE powér supplyFFemhBAEPower stispy terrhivilt tdte Reater terminal
when the optical geupling gexiceoisinataatuated. 25-Ehe @stuatianatthe>epticalrcoupliag device can
resultin an enegq;sirrl]% orin adi Iiggeof%hga%pfica}lgg%glé%g ggé/icreé(yl\{hgg tbjefuerggor(r)gela_surement is
less than the threshofd %Ietector, the optica?coupﬁng device is energlsedC Such that it 30 activates the
analog semicohtictamsoweeswitchiad contiuee enefgy:from the external AC power supply to the heater
termi- nal. When sensor the sensor measurement is more than the threshold detector, the optical coupling

device is disabled , , , o
As better seen in Fig. 27, when the die assembly 812 is in

15 the closed position and when the moving cores 818 are in the
normal volume position, the moving cores 818 do not block the

outlets 821 of the channels 817.

Fig. 30 shows, when the moving cores 818 shift to the reduced
20 wvolume position, the moving cores 818 block and cover the
outlets 821 of the channels 817 such that any molten resin
within the outlet 821 is in contact with the circumferential
surface of the moving cores 818. The blocking prevents the
molten resin within the channels 817 from flowing out of the
25 runner outlets 821 into the mould cavities 816. In this re-
duced volume position, the moving cores 818 also reduce the
volume of the die cavities 816, thereby compressing the mol-

ten resin, which is take up therein.

30 In a general sense, the pressure controller 850 and the pres-

sure valve controller 851 can be integrated into one unit.



2MBN 029 PCT 71 such that it actuate the analog semiconductor power switch to stop conducting energy
from the external AC power supply to the heater terminal 5 The threshold detector comprises a sample
and hold input@fgétrieaPciv€dit. This circuit allows the threshold detector to avoid variations of its input
signal, namely the sensor measurement value. The ~ariations can Include glitches that can lead
instability. 10 This temperature controller uses a simple design using readi- ly components to perform

effectively its fURcSiTe. IFREHIRViABXFefidive Hiitl &8sy 15 ihpfHient Y5 e PaSSIEEdmbdnent network
often comprisesla fpullsdayvnwesistori Oneead df the pulldewn sesistorcdenrects o amelectrical ground

while another gnd of the,ulslown resstar cannects o fe oyt teruingl. The aulldqunesistance

together with the selected variable machine mode resistor and 20 with the selected material type resistor

form a voltageddivieler eiuit'i® provitie thetseristt thieshHutd Variesr signal fdrcthedutput t&rminal. The
threshold detegias can-eomprise hystesesis chictito Ther2d hysterasisicirguilpreyents noise from
changing state of the threshold detector when input signals of the threshold detector are close to each
other.  The threshold detector often comprises a voltage comparator 30 to provide threshold detection.
2MBN 029 PCTHE2 rerreserstradoya vokage Sifnat2A Voltagetcorhpdrator tanithen provess the converted

voltage signal.,,, fhethreshld detecior can compese apull-upGireuitto.5 drive the ufput of the

threshold detector. The pull-up circuit can comprise a pull-up resistor for connected to voltage source,
wherein the vditage®dourcB5iBvides & dheredrért threlgh tHE JivEs résistor forariving

10 stationary die 813, the movable die 814 also moves away from
the stationary die 813 to enter into the open position of the
die assembly 812. Similarly, when the intermediary plate 836
is actuated toward the stationary die 813, the movable die
814 also moves toward the stationary die 813 to assume the

15 closed position of the die assembly 812.

The mould injection apparatus 811 is used for receiving resin
material in the form of pellets. The received resin pellets
are intended for kneading and for plasticizing by a screw

20 mechanism of the mould injection apparatus 811 in a manner
that is controlled by the controller 850. The plasticizing
process includes a step of including plasticizers into the
resin pellets. The plasticizers serve as to impart flexibil-
ity, workability, or stretchability to the resin pellets. The

25 mould injection apparatus 811 is also used for heating these
resin pellets such that the resin pellets are in a molten
state. The molten state allows the resin to be injected into

the mould cavities 816 of the die assembly 812.

30 The injection head insert 830 is intended for engaging the

mould injection apparatus 811 that provides the molten resin.



10 the output of the threshold detector. The pull-up circuit can comprise a capacitor connected in parallel
to the pull-up resistor. The capacitor is used to reduce glitches in signals across the pull-up resistor. The
analog semicofideietdr45owEr switch can comprise a bidirectional triode thyristor or a reverse blocking
triode thyristor to provide switching functions. TheSé devices are able to handle high electrical power. For
implementation, the optical coupling device can comprise a phototriac or a phototransistor. The

application alsgiﬁovfd]e%eél M&ERY hssemBIyTBraA ifjet- 25ForhduiBg mABhine I hbuld assembly
is used for shapirig mdadlten egsin Mmatesiad 10 produceya firhshedmewded hastt Tiieemoutld@assembly

comprises a moulding Gy, @,suply nogzle, andihe atove-mentigned femperatyre gantrller device.

The supply nozzle provides resin material to the moulding cavity. 30 The temperature controller device is
mounted on thethéticFadsembly &RE ifi’prdvisrRid for tljdsting a temperature of the supply nozzle.
2MBN 029 PCT 73 The application provides an injection-moulding machine. The injection-moulding

machine compr'ﬁes an Hn&ection-mouldwp apparatus gng the above mould assemlbly. The mould
. The @PF cavities .8T6 Pre ?se or.recelwg%g Hae molten res-—
assembly is provided for receiving resin material front the injection- oulding apparatus ‘and for shaping

the resin matetial. dilve pplicationprovides anotherdemperaturercontroliertmodulerfor an
injection-mouldingspaching. Jifetemperatyre canr traller modyle includes, auto-triggaring configuration for

10 controlling a temperature of the injection-moulding machine. The auto-triggering configuration is also

called a self-trighetinycoittiytiation. TR Temperdttre tontraler ivsdifle compriSeSBPadse compo- 15
nent network fet piaidinghan etecttical=sensordhsashold signal anshere o anarerapalogreontroller units.

The passive component gan refef to Jesistor, Capaeitors, ANd INAUCIOTS: 1ys can be re-
moved. The ejector pins 824 are used for removing the fin-
ished mouldings by urging the finished mouldings out of the
open die assembly 812.

15
The pressure valve controller 851 actuates the proportional
valves 837 to control the hydraulic pistons 825 by varying
amount of force applied on the hydraulic pistons 825. The
amount of actuation is in accordance to pressure measured by

20 the pressure sensor 834. The hydraulic pistons 825 is con-
trolled by pressure valve controller 851 to position the re-
spective wedges 822 towards the lifting block 823 or away
from the lifting block 823.

25 The pressure valve controller 851 receives pressure measure-
ment values from the pressure sensor 834. The pressure meas-
urement values correspond to the position of the wedges 822.
The measured pressure provides feedback information to the
pressure controller 850.

30
When the wedges 822 are positioned towards the lifting block
823, the wedges 822 exerts a pressure force on the lifting

block 823 to move the lifting block 823 together with the



The analog controller unit comprises a sensor terminal, an 20 analog threshold detector, an optical
coupling device, a power supply terminal, a heater terminal, and an analog semiconductor power switch.
The analog sedtiBdndyctoF pbwer switch includes a thyristor device. 25 The sensor terminal is used for
receiving an electrical measurement signal from at8mperature sensor. The analog threshold detector is
used for receiving and for comparing the electrical sensor threshold signal and the 30 electrical sensor

measurement BRI OWREFS ah an&RY Gt d6es e LORTaFSOR The sighAaPhBRY éférs to an
electrical voltagemrlécticaheurrent signathla othenwaidsptheneompatisdnrdoesnathuse digital

techniques that nalye. BN G29.RCT 74 conversian of an.angloo signalto.a digigl signal. This analog

comparison provides for a quick comparison while few components are required to form the analog
circuit. 5 The thieshold getecttt actuted e dptieal colipling devitet Thedsbersupply terminal is used

for receiving anextemnal Al pewersipplycEhe heatey teringl is siseddor praviding-elgstrical energy to a
heater. 10 The th\yristor de§\/£%e {s u%ed f%r [grovidin an auto-trigger function when the optical coupling
device is actudted. Theadtuated optlilc]:faﬁ ceoupﬁcﬁrélp Svice allows an electrical current of the AC power
supply to flow from the power supply terminal to the thyristor device via the optical coupling device. This

15 electrical cyrrent triggers the thyrisior device such that the thyristor device conducts ot connects

electrical power from the AC power supply terminal to the heater terminal. The thyristor device stops
conducting eletifcal Fowerifdm 26 e AC pbiier Supph tethmifarPte thech &ater tefminaf when the
electrical.current inputesignal-tostherthyristor device fallsdoelow apre«etermingshtteskold. This occurs in
each cycle of the.AC power supply. Then, in the next cycle, the actuated optical coupling device again
allows the electrical current 25 to trigger the thyristor device. In this manner, the thyristor device is
triggered again or is triggered automatically. Furthermore, the threshold detector comprises at least one

active compongeny angha sample and-heldinput slectrical cirs 3Qcuit nkhe active egmpenent can refer to

an operational amplifier, a transistor, and a voltage comparator, which needs electrical energy for
functioning injection-moulding apparatus 811 'of Fig. 25. Fig. 31 depicts

15 the pressure controller 850 that includes the control circuit

100 of Fig. 2.

Referring to the input stage of the control circuit 100, the
inverting input pin 14 of the comparator 12 of the control

20 circuit 100 is connected to the pressure sensor 834 of Fig.
25. The pressure sensor 834 is also called a pressure sensor
device. Referring to the output stage of the control circuit
100, the MT2 pin 46 of the TRIAC 34 is connected the hydrau-
lic piston 825 of the injection-moulding apparatus 811 of

25 Fig. 25.

The pressure sensor device 834 includes a pressure sensor
module 857 and a voltage step-down circuit 859. The pressure
sensor module 857 has an output node 861. The step-down cir-
30 cuit 859 includes a first resistor 863 and a second resistor
865. One end of the first resistor 863 is connected to the
pressure-sensor module output node 861 while another end of

the first resistor 863 is connected to a step-down output



2MBN 029 PCT 75 In this embodiment, the thyristor device connects electrically the power supply
terminal to the heater terminal when the optical coupling device is actuated. The thyristor device does not
connect electriddlyf th& powielr supply terminal to 5 the heater terminal when the optical coupling device is
not actuated. In a further embodiment, the thyristof ¢levice does not con- nect electrically the power
supply terminal to the heater 10 terminal when the optical coupling device is actuated. The thyristor
device connectS8fectidalif he PowBF sGpplyterinital 16 tha heatsr trHindvheAthE Sitical coupling
device is not actunted. 15T his temperatsite controiér nodulens simpletto implemsant ancbuses readily
available components for lower cost. The passive component network can comprise a power supply
terminal, a machine mode selector switch with at least two 20 machine mode selector positions, a
material type selector switch with at least two material type selector positions, and an output terminal. The

output terminat is eernectad tgthe Materiab fypa resistors. 25 Thespewersupply-desminalis used for
receiving a predetermined DC suppl ,oétage. The maghine mo e,selec%nog switch is used for selectively

\/
: a gressure of a.ft %1 n FhF %% aulic. }nes between .the .
connecting the power supply terminal to one of at'le WO Variablé nachine mode resistors. The material

type selector swittheislusedfos sele 3230 tivelytéonnectingrorne of therat lesst 3Wo variable machine mode
resistors to one of at least two material type resistors. The output terminal is used for providing a sensor

threshold signal. 2MBN 029 PCT 76 The passive component network can comprise a pull-down resistor.
One end of the PiillHdvin Fe&istdr corimettS i’ ah eldctical groutdEaRd dhdthéreRd of e pull-down
resistor can- 5metis io ghe vatputitesminale T be tbreshold deteatos canradse copyprise adrysteresis circuit,
a voltage comparator, or 3 resistor nefwerk, The, Lesistor neworkfs,ysed far Sqnyerting an electrical
current sig-

the comparator 12 of the control circuit 100.

The control circuit 100 adjust the wvalves 837 to vary forces
15 applied on the hydraulic piston 825. The force variation is
according to the voltage measurement signal of the pressure
sensor module 857 and to a pre-determined voltage signal of

the reference voltage supply 200.

20 This embodiment shows that the control circuit 100 can be
used as a pressure controller and not only as a temperature

controller.

Fig. 32 shows an embodiment of the pressure sensor module 857
25 of the pressure sensor device 834 for the pressure controller

850 of Fig. 31.

The pressure sensor module 857 includes a sensor unit 870 and
a power unit 872. The power unit 872 is connected to the sen-

30 sor unit 870 by a connection coaxial cable 875.

Referring to the sensor unit 870, it comprises a piezoelec-

tric element 877 connected to an amplifier device 879.



10 nal of an electrical current sensor to a voltage signal. The threshold detector can also comprise a
pull-up circuit. The pull-up circuit can comprise a pull-up resistor. The pull-up circuit can further comprise
a capacitor coRMetted4n gurdllel to the pull-up resistor. 15 The thyristor device can comprise a
bidirectional triode thyristor or a reverse blocking tfibde thyristor. The threshold detector often energises
the optical coupling 20 device when the sensor measurement signal exceeds the sensor threshold signal.
The optical coupling device can comprise a phototriac or a phototransistor. The application also provides
a mould assemblyifos andnjeos 25ttien-wieuldiigmachine TEre mowWd assemblyris ased for shaping

molten resin majerial (o, produee & fiished:mpulded,pad. Iheggoultiagsembly includss g moulding
cavity, a supply nozzle, and the above-mentioned temperature controller device that is mounted on the
mould assembfy.CFhé $tppiin6zAe 3§ ©3ed f6F30Proviting tesinThaterial o HERTBHdIG cavity. The

temperatuse caonrtrolier-deviee is used fornadjustingartamperatug, of the supply nezzie «2MBN 029 PCT

77 The applicatilpn provides an injgg 'on-moHIdin% machi@e.dThe in'ectior,n-mou&zlingE machirig comprises
an injection-m8u|d‘?ngc38%5%att8§ and the above moul eacss%mt?li)/. The rﬁ(l)lejlﬁogsseecmﬁﬁlciseprovided for

receiving resiremateridl fror thednjection- Srmobfding ap pafatuscand: fercshaping $he ¥esin material. The
application alsp prpyidesanetber femperature controlies mrodule for an jRjectign-mauiding machine. This

temperature controller module has resistors with different ratios, where- 10 in the ratios allow quick
adaption of th&téRpérathife eonftoller modtie fordifferéntresir afteRat Theltenig&ratdre controller
module camprisessa passivencarapanenhBetwork artd ahleast oneranalegomller 4initod5 The passive

component networtk tgla%ggm&nescecsr% poyver soulprpéy g%rgnlnal, a material type selector switch with at least

two material ty%%cséector positions, an anl ]f)utput terminal being connected to the material type
components, which may be

A source terminal of the MOSFET transistor 881 is connected
to a wire of the connection coaxial cable 875. A drain termi-
15 nal of the MOSFET transistor 881 is connected to the electri-
cal ground 893 of the sensor unit 870 and to a base terminal
of a bipolar transistor 899. A collector terminal of the bi-
polar transistor 899 is connected to the connection coaxial
cable wire while an emitter terminal of the bipolar transis-

20 tor 899 is connected to the electrical ground 893.

Referring to the connection coaxial cable 875, it has a
shielding conductor that surrounds the connection coaxial ca-
ble wire. The shielding conductor is separated from the con-
25 nection coaxial cable wire by an electrical insulating mate-
rial. The shielding conductor is connected to the electrical

ground 893 of the sensor unit 870.

Referring to the power unit 872, it comprises a DC voltage

30 source 900 with a current regulation diode 903.

A positive terminal of the voltage source 900 is connected to

an anode of the current regulation diode 903 while a negative



20 resistors. The power supply terminal is used for receiving a pre-determined DC supply voltage. The
material type selector switch is used for selectively connecting the pre-determined DC supply voltage to
one of at least4Wmatéridldype components, which may be resistors. The output terminal is used 25 for
providing a sensor threshold value, the output termifhal being connected to the material type components.
The analog controller unit comprises a sensor terminal, a threshold detector, a power supply terminal, and

a switch. 30 THE SBhRBF tétmihafis et bt rétBiviity 4 risor TBASTet e REVAUE “Fhe HRreshold
detector is usegk-tonreceivingthecsensothteéshkalddalie angithe sensorimeasuwemert valge. The power

supply terminal, is, used far; receivyng anAG pawe é“'&pipz'r\é';ﬁé\‘ 983%%1170%“&’0%‘?&1‘9%‘4?! terminal Is

used for providing electrical energy to a heater. The switch is used for providing the AC power supply
from the 5 AC powét sty ferminalifo i Réatret tefmmat wichithe treskélecdetéefor activates the
switch. Similarly, the switch does not provide the AC power supply from the AC power supply terminal to

the heater terrginal }vlvhentthe threiholg dt tector dole,s not activa,t% the %\gtch. 10Ina seegial embodiment,
the switch is uS&8§ f6F Aot pe)rrorQ/%dll%g the A epo(\:/\cl)éltp sdﬁlﬁy?raoprﬁ the AT powelrssucpoprhr/1 terminal to the heater

terminal when the #hresheld detector aptivatesahe switck Theddwiteh providesdhe nAC poveer supply from
the AC 15 power;supply, terminalta, thesheatex terminal whenthe threshald defectar does not activate the

switch. The activation of the switch can result in an energising of the switch or in a disabling of the switch.
20 Component{dlues stthet 1edstthd-rfateriartypeComponents follbw & prédeteérffiined ratio. The
componernt vakiesan efer ta resistanceivajues,l toacapacitancenaues, evtminidtustance values. The

ratio is formedtl%y at Ioeas(t%(t:V\t/godrllffecrgnt ”UP‘C%%Pgr%iV}’Q%%QPQCQ numb r\tf)glnc%taken from one group

e.fhnn y ax1F neﬁa 1 r?lna
of a set of groups. The set comprises a first group, a second group, a third group, a fourth group, and a
fifth group. the monitoring voltage meter 912 is connected the electrical

ground 906. The electrical ground 906 is also connected to
the shielding conductor of the connection coaxial cable 875

15 and thus to the electrical ground 893 of the sensor unit 870.

In use, the sensor unit 870 receives a fluid pressure of the
hydraulic line 852 of the injection-moulding apparatus 811 of
Fig. 25. The power unit 872 electrically powers the sensor

20  unit 870 such that the sensor unit 870 produces voltage cor-

responding to the said fluid pressure.

The connection coaxial cable 875 is used for transferring
electrical power from the power unit 872 to the sensor unit
25 870 and for transferring the voltage produced by the sensor

unit 870 to an output terminal of the power unit 872.

In particular, the piezoelectric element 877 is used for in-

stalling in the hydraulic line 852 and for receiving a pres-
30 sure of the hydraulic line 852. The piezoelectric element 877

also produces an electrical charge or voltage corresponding

to the received pressure. The capacitor 895 and the bias re-



The first group comprises whole numbers ranging from [102 mi- 30nus 10 % (percent)] to [102 plus 10%].
The second group com- prises whole numbers ranging from [118 minus 10%] to [118 plus 10%)]. The third
group comprise¥Ethdlehudifibers ranging from [137 minus 10%)] to [137 plus 10%)]. The fourth group com-
2MBN 029 PCT 79 prises whole numbers ranging ffom [169 minus 10%] to [169 plus 10%)]. The fifth
group comprises whole numbers ranging from [196 minus 10%};0 [196 plus 10%]. 5 As an example, the
resistance valife 84 b taken 8 thie first glois of te SBEBAA YrodpY TAB §Cgrotip Cmprises a whole
number rangingofrarp@l ¢a 14 3¢ say 100: dhe seearchgra@u comprises a whole number ranging from 106
to 130, say 125. Thus, a possible pre-determined ratio is 100:125. 10 These pre-determined ratios allow
the injection-moulding machine to process many different resin material with little or no change to set-up.

15 The materialtyp8Teditéricart e8fpriseld résistaire torerante W lde takerr oAt a3set of percents, the

set comprises 48 dpercenth S%oanrd 10%-Qthertesistance talerance yaligs-argralsefpossible but often
o : . ; ; .
1% resistance toleranc% ésgsglgct%de. a?n gﬂe ]%asswe cogngogfgrt network can comprise a machine mode

L 4S1sto T e e . he monitorin olt—
selector switch With 4t 18ast o MACHIAE Made Seféclar posmons%r séﬁectllveﬁ/lc&mvec ing the power

supply terminad ¢ onetefratdéastitwe vardablermalchine. mpde resistbrsidHe pfatehial Bpe selector switch
selectively conpects gpe of the 25 yariakigdnachine moge;resistars tq,one af the material fype resistors.

The variable machine mode resistors are connected in series with the material t¥§§\ﬁze3|stors provide the
above-mentiorfedt Fatio: B0 TR passivet E6Mporent netivoiégan Eonipiise’] pulllddwncoifiponent, which
can be aresistoriOne end of the puldovn gemponetcannects ta;raneleetricakgeatnd-and another end

of the pull-dowp. component conpected 1o thg, utput terminal. ZMBN029,BCT 80 re

voltage produced or driven by the amplifier device 879.

The amplifier device 879, being powered by the DC voltage

15 source 900, produces an amplified voltage corresponding to
the voltage produced by the piezoelectric element 877. This
amplified voltage is transmitted to the output coaxial cable

907 via the connection coaxial cable 875.

20 In example of the pressure sensor module 857, the piezoelec-
tric element 877 can be used for sensing a maximum pressure
of 100,000 psi (pound per square inches). The 879 produces
0.07 millivolt for every 1 psi experienced by the piezoelec-

tric element 877.

25
Figs. 33 and 34 show an injection-moulding machine 950. The
injection-moulding machine 950 has parts similar to the in-
jection-moulding machine 811 of Fig. 25. Description of the
similar parts is incorporated by reference.

30

The injection-moulding machine 950 has a die assembly con-
trolled by an improved pressure controller 953. The pressure

controller 953 is connected to a pressure sensor 955 and to a



The threshold detector can comprise a sample and hold input electrical circuit, a hysteresis circuit, or a
voltage comparator. The threshold detector can also comprise a resistor 5 network for converting an
electrical curreffsigriad bffCelectrical current sensor to a voltage signal. The threshold detector can
comprise a pull-up circuit. The pull-up circuit can cofprise a pull-up resistor. The pull-up circuit can
comprise a capacitor connected in parallel to the pull-up resis- 10tor. The switch can comprise a
bidirectional trid3ehSHiStor or'a revets8 o lkiAg THOAE thyristor. THE ahdfsg edftrdRer’Gnit can comprise
an optical couplirig deviceseingractaated by theydbahieshalg Ueteetos. Baeé thresholdidetector activates
the switch via the optical coupling device. The actuation energises or disables the optical coupling device.
The threshold detector o?ten energises the optical coupling device when the sensor measurement value
exceeds the sensor threshold value. 20 The optical coupling device can comprise a phototriac or a

phototransistor:rEne applications alseproyides a meuld-asserahly fos an wigctionmawdingymachine. The
mould assembly is used far shaping 25 molten.resin material to, produce a finis moulded part. The
mould assemb%; havea ﬁ\lorblg%% cgat\zlitglg]% slunﬂpﬁﬁ %b%%@%%%%ﬁ%gaglg\?&%ﬁleent%igd temperature
controller device. The temperature controller device is mounted in the mould assembly. The supply nozzle
is Intended for.providing tesin material ta 30 the moulding cavity . The Jemperature gontroller device is In-
tended for adjusting a temperature of the supply nozzle. 2MBN 029 PCT 81 The application provides an
injection-mouldihgRatAihe? ThetirfedtictErouTding Machme cohprisés Win?&ti]dﬁlﬁﬂ)ulding apparatus
and the alovednould,assermably: Thenmesad assembly és-pravided faroreceiving regin materdal from the
injection- 5 moulding apparatus and ]‘8rr skela%iggotpe rfgjcnen@(irialm'll' lhcehanSIic ion provides a method of
calibrating a temperature controller device for an mj%ctlon-moul’ding machine"The method allows the
temperature costestetr devicd o ugéwdiftlic cylinder 825.

The moulding cavity ejector pin 835 extends from a hollow

15 core of the superior ejector plate 844, to a hollow core of
an intermediary plate 836, to a hollow core of a lifting
block 823. In a closed state of the injection-moulding ma-
chine 950, the moulding cavity ejector pin 835 also protrudes
into a moulding cavity 816 of the injection-moulding machine

20  950.

In a special case, the moulding cavity ejector pin 835 also

extends into a hollow core of a moving core 818.

25 The hydraulic cylinders 825 are connected to wedges 822. The
wedges 822 are positioned next to a lift block 823, which is
in contact with the moving core 818 of the injection-moulding
machine 950. In the close state, the moving core 818 is posi-
tioned next to the moulding cavity 816.

30
Fig. 35 shows the pressure controller 953 in detail. The
pressure controller 953 includes parts of the temperature

controller circuit 100 of Fig. 2.



10 ferent types of sensors, resin materials, and different modes of the injection-moulding machine. The
method comprises the step of choosing or selecting a moulding resin material type. A material type
selector switchMBMbf & 1esiétdr network is then set according to the chosen resin material type. An
operating mode of the injection-moulding machine§8 afterward chosen. A machine mode selector switch
of the resistor network is later also set according to the chosen mode of the injection-moulding machine.
20 A suitable temperature sensor type is then chosen. A value is later determined according to the
chosen resin materiabtype; d0dhe choséntsensostype,lard ta the chosen inede ©f the injection-moulding

machine. After s, 2 valtage of he resisn 25 JpuRebyark js Jueasured and 2 vayiatle gsistor of the

resistor network is adjusted until the measured voltage essentially reaches the predetermined value. The
application provides & témpetatifre ‘dontroliet delice for BOprovidiBR withinss marfifétd ch@mber assembly
of an injecfion-meuldng machine.1Thisqyoevision allows the temperature controller device to be close to it
sensors. The closeness reduces electrical noises picked up signal wires of the sen- 2MBN 029 PCT 82
sors, thereby improving the signal to noise ratio and the quality of temperature control. The temperature
controller devi&éndludes altemperatmeecors-25 trollet nosdule andladousingoneasing emclosing the

temperature contralier nodule, Jihe 63sing-¢ampLises first OBHF&K lgigest dimension aless than or equal

to 60 mm, a second outer largest dimension of less than 100 mm and a third outer largest dimension of
less than or eduHt t6 36°RM ITHE Hir&t 10 duteradifmeh&icri ahdthe SEcondPoltet diiehsibhi&re measured
in directions thay are perpendiculay tereacheetheydthe secondreytes dimensioneand the-third outer
dimension are also measured.in directions tpg&agleyg%g{lelnlqclqil%éq each other. 15 It has turned out that

erv ye an%f ?. 1 % . .
such a temperature controller cas Nng can be used In many |nject|on-mou dlné macnines, SpeCIally N

manifold assembfechdmbers WtEssthe tehmperatGrbcantiolfertis s ehisthmBer, iPiseneardo runners of

the manifold agsembly gnd neartgqupner nozzlesconnested to the manifald 20-agsembly. The
temperature controller is often connected to heaters and sensors, which are placed on the runner

nozzles, whiclPare theh ¥&y A6s&1S the tempefatiré tontroligprnected to the wedge

15 822.

In use, 1in a closed state of the injection-moulding machine
950, the moulding cavity 816 is used for receiving molten
resin material and for shaping the resin material.

20
In a compression mode of the hydraulic pump 965, the hydrau-
lic pump 965 transfers oil from the o0il reservoir 968 to the
hydraulic cylinder 825. This transfer causes the oil within
the hydraulic cylinder 825 to exert a force onto the piston

25 825, onto the piston rod 831, and onto the wedges 822. The
force also shifts the wedges 822 towards the lifting block
823, which in turn shifts the moving core 818 towards the
moulding cavity 816. The moving core 818 then compresses the
resin material within the moulding cavity 816.

30
The moulding cavity ejector pin 835 is used for receiving the
pressure of the moulding cavity 816 and for transmitting this

pressure to the pressure sensor 955.



The casing can comprise a generally rectangular shape for 25 easy production of the casing. The
temperature controller module can comprise a passive component network and at least one analog
controller unit. ZFA8pagsSiveEdmponent network comprises an output terminal for providing a sensor
threshold value. 30 2MBN 029 PCT 83 a threshoftP detector for receiving the sensor threshold value and
the sensor measurement value, a power supply terminal for receiving an AC power supply,  a heater
terminal for providing electrical power to a heat-5 er, and an analog semiconductor power switch for
providing the AG¢powertsupply from the A0 powerssuppiy terbibal to the heatestermitnad avhen the

threshold dete%o& ifc%y%e%%e an log semi eorpéj&ct%%%mg%syihtggeI__icgggy\gji_%,itpgdanalog semiconduc-

10 tor power switch does not provide the AC power supply from the AC power supply terminal to the
heater terminal WHeH thedthresheld det cldrt oestRseacw ate the ehatogBerniédNdudtt? power switch. 15

In anothersembegiment, the-analog semiconducterspewer switehdogs natpravide thes AG power supply

when the threshol%detectgr activates the analog emiconuctoé power s 'gc,}h.,ln a like manner, the
. c%r %n the ob%aﬁned %%t% T solenol v% ve\% és actuate .
analog semiconduc orqpower switch provides the power supply from the AC power supply terminal to

the 20 heater tetrvirfadiwhen Yhe threshold detector does not activate the analog semiconductor power
switch. The activation of the semiconductor power switch can result in an energising of the switch or in a
disabling of the 25switch. The passive component network can include a power supply terminal for
receiving a pre-agtefimitied DC stpphPGoitdge, 36114 Thainé thobe SEPECtbl SwitéATwith af least two
machineinode-selectarypaesitions fer ssleetivaly connectiag the powemsupply éermaibat to-ene of at least
two variable m]?ggwiengm(gjl@ q:%eIStr(Rg%l%pldng cavity 816 reaches a pre-determined

optimal level, the pressure controller 953 actuates the sole-

noid valve 957 such that the solenoid valve 957 is closed

such that the hydraulic cylinder 825 does not receive any

15 pressure or force from the hydraulic pump 965.

In a release mode of the hydraulic pump 965, the hydraulic
pump 965 transfers oil in the reverse direction, wherein the
0il is transferred from the hydraulic cylinder 825 to the oil
20 reservoir 968. The o0il then pushes the piston 825 in an oppo-
site direction in which the piston 825, the piston rod 831,
as well as the moving core 818 are moved away from the mould-

ing cavity 816.

25 In an open state of the injection-moulding machine 950, the
inferior ejector plate 842 is used for actuating the superior
ejector plate 844. This actuation moves the moulding cavity
ejector pin 835 for removing the finished moulded parts away
from the moulding cavity 816.

30
Fig. 36 illustrates a pressure sensor 955 for the pressure
controller 953 of Fig. 35. The pressure sensor 955 includes a

piezoelectric element 960.



2MBN 029 PCT 84 -a material type selector switch with at least two material type selector positions for
selectively connecting one of the at least two variable machine mode resistors to one of at least two
material type ré¥istorsZ TheCGutput terminal is 5 connected to the material type resistors. The passive
component network can comprise a pull-down resfstor. One end of the pull-down resistor connects to an
electrical ground and another end of the pull-down resistor con- 10 nects to the output terminal. The
threshold detector can comprise a sample and hold input electrical circuit, a hysteresis circuit, or a voltage
comparator. Thedhreshotd tdetector can ommprise a resistaredett 45 werk foricanverting an electrical

current signal of,an efectical Gyiren;sensar,fo.3 veiage sjonal. He breshold defeciof can also comprise

a pull-up circuit. The pull-up circuit can'comprisé a pull-up resistor. The pull-up circuit can comprise a

capacitor conreete@ i paradifel t6 dte pRNAFFROZOSIStor OTRE ANERGG SEATCEAGISBE Power switch can
comprise g biditectionah winge thyristoremna reversedleskingdripde dhyristor. 25 The-analeg controller unit
can comprise an o 1Eical cou I1i:nrg 9(Evice being ,e}:ctg@t%j] by the threshold detector. The actuation
energises or disables'the 88 |calocouepﬁincgl§ecwée. e threshold detector often energises the optical
coupling device when the sensor measurement value exceeds the sensor threshold value and the

threshold detegtqr acliyates.the 2ZMBN.029 HGT 85.swifch yia the-optical coupling device. The optical

coupling device can comprise a phototriac or a phototransistor.
moulding machine 982. The injection-moulding machine 982 in-

10 cludes a display terminal 983.

The management system 980 includes a plurality of mobile
phones 985 communicatively connected to a server 986. The mo-
bile phones 985 are equipped with build-in cameras.

15
In use, the display terminal 983 is used for displaying sen-
sor temperature readings and desired temperature readings of

the injection-moulding machine 982.

20 Operators use the mobile phones 985 to generate status re-
ports. The status reports include the readings displayed by
the display terminal 983 as well as comments of the injec-
tion-moulding machine 982. The status reports can also in-
clude photographs of the display or photographs of the injec-

25 tion-moulding machine 982. These photographs are taken with

the cameras of the mobile phones 985.

The mobile phones 985 are also used for sending the status
reports to the reporting server 986. The reporting server 986
30 can forward the status reports to mobile phones 985 of other
users, such as supervisors or maintenance crews, for further
actions. The reporting server 986 can also use the status re-

ports to generate alerts for the other users.



The application also provides a mould assembly for an injec- 5 tion-moulding machine. The mould
assembly has an Improved temperature control. The temperature controller device is provided within a
manifold chambéprasse bl Bf the mould assembly. 10 The mould assembly includes a back plate
comprising a receiving cavity, a moulding plate coftiprising at least one moulding cavity, a supply nozzle
with a manifold assembly, and a temperature controller device. A stationary die together with a movable
die defines the moulding cavity when the stationary 15 die and the movable die are in a closed state. The
receiving cavityis aisedrfoer teceivingeresirnmaiehall tsophan énjeetionsnatiding appatdtes. The moulding
cavity is used fo n%l?tpm% r%%igirggge.rial to form finished moulded 20 parts. The supply nozzle with a
manifold assembly is used for providing resin material from the receiving cavity to the moulding cavity.
The temperature controller device is used for adjusting a temperature of the supply nozzle. 25 The back

plate and the mpuldingphaterareseparaies by asdistanca ipwbich theshack plate andsthemoulding plate
define a space. Th(? mtanifold asserpbaly gnd tthe tem eraturetconérotllgr device aredp[fovided in this space
between the b&EK pVéielé)nnd the mou ingeﬁlaFer. 3 ﬁ%%ﬁqnperg ure controifer i¢' smacflreﬁénugh to be fixed
into this spacep Thissizefdiso adlows the tensperatyreceartrollerrte be close it temperature sensors that are
mounted on the 2MBN 029 PCT 86 supply nozzle. This closeness reduces signal noise picked up wires
of the temperature sensor. In this manner, signal to noise ratio is reduced and quality of temperature
control is ImproYed "B heltentpératireCcoftraliet iP¥an fiQtaeé théRifove-mentidbheditemperature
controller devige.i Ehe application also provides an injection-moulding machine. 10 The injection-moulding
machine comprises an injection-moulding apparatus and the above mould assembly. The mould

assembly is provided for receiving resin material from the injection-moulding apparatus and for shaping
the resin matefiaf aprplication provides an improved temperature controller

module for an injection-moulding machine. The injection-
moulding machine receives moulding resin material, melts the
15 resin material, and shapes the molten resin material to form

finished parts.

Specifically, the temperature controller module includes a
passive component network and one or more analog controllers

20 unit.

Referring to the passive component network, it comprises a
power supply terminal, a machine mode selector switch with at
least two machine mode selector positions, a material type

25 selector switch with at least two material type selector po-

sitions, and an output terminal.

The power supply terminal is used for receiving an external
pre-determined DC supply voltage. The machine mode selector
30 switch is used for selectively connecting the power supply
terminal to one of two or more variable machine mode resis-

tors.



15 The application provides an Improved device. The device can refer to an injection-moulding machine
or to parts of the injection-moulding machine. The device Includes a mould assembly and an
injection-mouldiMghapiatatiys. 20 The mould assembly receives molten resin material from the
injection-moulding apparatus. Within a short time, @e mould assembly shapes the resin material to form
finished products. To provide for Improved temperature control of the molten 25 resin material at the
injection-mouldingparatus A8 HioBkSadseibly Provides Empéfatiie mfGfmaién of the resin material
at the mould assemibtly to-therihjectiornemouldingfapparatus.<30 The-injectionsmouéding rapparatus
comprises a bayrel and 2 bayrel temperatyre.conuoller device, The barrel fs,usgd for feceiving resin
material and for melting the resin material. " 2MBN 029 PCT 87 The barrel temperature controller device is
used for adjustiRgthé terperattiré Of tiie batiel tTRE MedldSasseriBly dotipHsés a MbERNIAG cavity, a
supply noz- 5 zle, a nozzle temperature controller device mounted on the mould assembly, and a wireless
transmitter. A sTLﬁtionar die tlogtether with a Enovable gi%defines the £nouldi g cav.itvy \Q/hen the stationary
die and the movablé die aré in a'¢loséd state.” 10 The Cs:uppl)lfl nozzle is’is&d forc lar?né’lling the resin
material from therinfectionamoutding apparatusitocthe maalding cavity. The moalding cavity is used for
shaping the mglten gesin,material fa farm finished pads; The nozzie, temperatyte goptroller device is used

for adjusting the temperature of the 15 supply nozzle. The wireless transmitter is used for sending
information of tH& hBzz&"tehiperatit® ¢ottralfelr YeNAcE: Tite fiECtidiE-Motaint appardtas further
comprisesa wirelgsscrgeeiver fot teceivingtbie, infarmation frenrthesnozzlpdeme 20; perature controller
device. Moreoyer, tggrprgrrcetlf et%mpnerz%lturrciecgntré)ill%rL I{"sagﬁed for adjusting a temperature of the barrel
according to the received information from the nozzle ter%berature controller device™ 25 This manner of
controlling the bpret temperature fprovidestayesesiboptiseatweehtitie injectionimoulding apparatus and the

moulding assepahly,whigh:provides abefterdarreltemparaturecaniioly machine.

15 The output terminal is used for providing a sensor threshold
value. The sensor threshold value serves as a reference value
for temperature control of a part of the injection-moulding

machine, such as injection nozzle.

20 The output terminal is connected to the material type resis-
tors, wherein the output terminal receives a voltage of the
external pre-determined DC supply voltage via the selected

variable machine mode resistor and the selected material type

resistor.

25
Referring to the analog controller unit, it comprises a sen-
sor terminal, a threshold detector, an optical coupling de-
vice, a power supply terminal, a heater terminal, and an ana-
log semiconductor power switch.

30

The sensor terminal is used for receiving a measurement value
for an external sensor. The threshold detector is used for

receiving the above-mentioned sensor threshold value and the



30 The wireless transmitter often comprise an analog to digital converter (ADC) for converting the nozzle
temperature controller device information into a digital format, such that the wireless transmitter can send
the digitalised #fBl. 2RABRI29 PCT 88 mation. Most wireless transmitters often transmit only digital
information. The nozzle temperature controller carf Bomprise a passive com- 5 ponent network that
comprises an output terminal for providing a sensor threshold value, and at least one analog controller

unit. The analG ESRTBRETUMT SOMTHEES a BERSHF Etitihal 216 threshofPGétetior, 3 AC power supply
terminal, a heatet teymiaal, @ndian anatdgysemicenductoh poweatswitche Jiel sensaraterminal is used for

receiving a segscocrurggggurc%@eg}))@lggl The tlgﬁggolg etector is used for receiving the sensor threshold

value and the sensor measurement value. The AC pow- 15 er supply terminal is used for receiving an
electrical power. The heater terminal is used for providing AC electrical power to a heater. The analog

semicondgctorrpewgh switchis piseddor prawdingsthesAE electrical powerdrem theAGower supply

terminal to the heater terminal \ﬁ/hen tpe tﬂreshold detec- 2q tcy activates éhe switfh. The passive
C ﬁgwer sSUu é%’ The eateﬁ %ermln Or \ Provi ng F ?ctrl ah .
component ne%wo can co |5°r| a power supply terminal,”a machine mode selector switch with at least

two machine neode sglectorpesitions2and eerraterialitype selector 2baswitcht witheatileasttwo material
type selector posifions, e qutRit terminal is connected to the material type resistors. The power supply
terminal is used for receiving a predetermined DC supply voltage. The machine mode selector switch is
used for selectively connecting the power supply 30 terminal to one of at least two variable machine mode
resistors1The matetablype selactosswitetvis usedfor selectively cappeacting opewxafiberat least two
variable machitn}geZIXIgN 029 PCT 89l mptdreo;nesg%toriéo one of astuleaﬁtytvxéo materi'ill Lé/getrggistors. The

. ower Su ower ermina
passive component netg\/orl? can é)c?mﬁrlse a pull-down PeSIS- PP
heater terminal when the optical coupling device is actuated.

Similarly, the analog semiconductor power switch does not
provide the AC power supply from the AC power supply terminal
15 to the heater terminal when the optical coupling device is

not actuated.

In another embodiment, the analog semiconductor power switch
does not provide the AC power supply from the AC power supply

20 terminal to the heater terminal when the optical coupling de-
vice is actuated. The analog semiconductor power switch pro-
vides the AC power supply from the AC power supply terminal
to the heater terminal when the optical coupling device is
not actuated.

25
The actuation of the optical coupling device can result in an
energising or in a disabling of the optical coupling device.
When the sensor measurement is less than the threshold detec-
tor, the optical coupling device is energised such that it

30 activates the analog semiconductor power switch to conduct
energy from the external AC power supply to the heater termi-
nal. When sensor the sensor measurement is more than the

threshold detector, the optical coupling device is disabled



5 tor. One end of the pull-down resistor connects to an electrical ground and another end of the pull-down
resistor connects to the output terminal. The threshold detector can comprise a sample and hold input 10
electrical circuitMathystéresisicircuit, or a voltage comparator. The threshold detector can also comprise a
resistor network for converting an electrical current signal of an electrical current sensor to a voltage
signal. The threshold detector can also comprise a pull-up circuit. The pull-up 15 circuit can comprise a
pull-up resistof “fHe piftup &Gir@fittan Tomismide'a Capatitdr CoRABEEEY i aralie P he pliRup resistor.
The analog senticpnducion power switchygart comprise asbidirec20 Nonabtriodesthyristortar a reverse
blocking triode thyristor gpet%r}%@gacpntroller uni.t can alsq comprige an optical cqupling deyice be@ng
actuated by the thres otl detector. The 25 actuation energises or disables the optical coupling device.
The threshold detector activates the switch via the optical coupling device. The threshold detector often

energisesghe opticacauplingderdee whan thensenseismeastigment ¥alug-exceegdsithe sensor threshold
value. 30 2MBN 029 PCT. 90 The a[gplicafl;[ion provides a rT(fthod o(]qcont}qolling aﬁfr’gperature of an
rcuit.. This e thres et

.. . .Jectrical Ci . rcult a.llows, € oC—
|nject|on-mouI§|ng macﬁlne. CI'}'Ie |nject|on-mou(f&|ng macﬁlne includes an |njecﬁon-mould|ng apparatus

and a mould assembtly.aftie ihjeetior-mouldingtapparatos is- used ol re-rioeiving resinenaterial, for
melting the resin maferial, ang far ipiecting t?ﬁé“@!at?:”ie[‘é%i&@a&%@@'fﬁéﬁﬁcﬁgo%@ﬁ%ﬁ%@b'y- The mould

assembly is used for shaping the molten resin to form finished moulded parts. 10 The method Includes a
step of transfelfiig réSiA Mm&tetial frohi the irjéction-moulding apparatus to the mould assembly. After this,
a temperagure controller of the mould assembly actuates a heater of the mould assembly. The actuation
can 15 refer t%???l%rgésgrrﬁg é[rrlg theater aQr tcorglf?gllng Stg% haeater. The gg%ter actuation adjusts the

1
temperature of the mou asserﬁ)?y %?/ |nject|ng]:neat energ)ﬂﬁn the moﬁ%]ags?érrﬁ%lyr\?v ife the mould

assembly dissipateshean enefgy: into ke Sufratinthed. By bdjustihgtamouheo$ heat Injécted, the
temperature of hy 5 inexpensive and easy to implement.

15 The passive component network often comprises a pull-down re-
sistor. One end of the pull-down resistor connects to an
electrical ground while another end of the pull-down resistor
connects to the output terminal. The pull-down resistance to-
gether with the selected variable machine mode resistor and

20 with the selected material type resistor form a voltage di-
vider circuit to provide the sensor threshold value or signal

for the output terminal.

The threshold detector can comprise a hysteresis circuit. The
25 hysteresis circuit prevents noise from changing state of the
threshold detector when input signals of the threshold detec-

tor are close to each other.

The threshold detector often comprises a voltage comparator

30 to provide threshold detection.

The threshold detector can comprise a resistor network for

converting an electrical current signal of an electrical cur-



20 the mould assembly can Increase or decrease. Status information of the mould assembly temperature
controller is then transmitted to a temperature controller of the injection-moulding apparatus. The status
information carNiEN2S HicateThat the mould assembly temperature controller is energising or is disabling
the mould assembly heater. The injection-mouldingZapparatus temperature controller then actuates a
heater of the injection-moulding apparatus accord- 30 ing to the said transmitted information. The
actuation of thé jecliBRSHbulding apParats HeatBf tan’tetdt bt fergiEivg oF t6 tisdbling of the
injection-mouldingrapparatiussheaterc 2MBN-629 RO T B&deThe dgnauld assembly heater elevates a
temperature of the resin material within the mould assembly when the mould assembly heater is
energised. Similarly, the injection-moulding apparatus heater elevates a temperature of resin material
within 5 the injéefori-eaiirg apparatts wiver theTEéich-indiding Bpparetus hedter is energised. On
one hand,swhen-thatransmittecinfopnatign indicatasthat dbe sreuld assembly temperature is too high,
the injection- 10 moulding apparatus temperature controller can reduce its tem- perature by injecting no
heater energy or less heat energy into the injection-moulding apparatus. This then leads to resin material
within the injection moulding toieing ctooker. Fbergocier resim Matepial sslasectradstereehfrom the in- 15
jection-moulding apparatys.tg the gnould assemply, wherein the, cooler resip, material acts;ta lower the

temperature of the mould assembly. On another hand, when the transmitted information indicates 20 that
the mould assénfbly temipPefrataré istod fow The TR clibhmoBIding apbarattisteffperafitre controller can
Increaselits temperatureny infecting riore fieat @nesgy tothe injection-moulding apparatus. This
afterward leads to hotter resin material within the injection-moulding apparatus. The hotter 25 resin is then
transferred from the injection-moulding apparatus to the mould assembly. The hotter resin material serves
to Increase the femperdture of thee miduld asseptsty 1 Thisametirod: allows theisjeetidnimoulding apparatus

to sent parallel to the pull-up resistor. The capacitor is used to

reduce glitches in signals across the pull-up resistor.

15
The analog semiconductor power switch can comprise a bidirec-
tional triode thyristor or a reverse blocking triode thyris-
tor to provide switching functions. These devices are able to
handle high electrical power.

20

For implementation, the optical coupling device can comprise

a phototriac or a phototransistor.

The application also provides a mould assembly for an injec-
25 tion-moulding machine. The mould assembly is used for shaping
molten resin material to produce a finished moulded part. The
mould assembly comprises a moulding cavity, a supply nozzle,
and the above-mentioned temperature controller device. The
supply nozzle provides resin material to the moulding cavity.
30 The temperature controller device is mounted on the mould as-
sembly and it is provided for adjusting a temperature of the

supply nozzle.



30 resin material with a desired temperature to the mould assembly. Although the mould assembly

temperature controller acts to adjust the temperature of the resin material within the mould assembly, the
mould assembi/EémpePrattird controller may 2MBN 029 PCT 92 not be able to bring this resin material to
its desired temperature when the resin material terhperature is too far off the desired temperature. This is
especially so when the mould assembly is operating a certain speed that requires the mould 5 assembly

temperature coiTolfdFto¥edpoRl Witk &k taiR timE I APraclicB othe ibulg asehibly &fperature
controller statusnitdarmatiomcandiclydeacmoudd @assepmbly sempetatike sensend0lmeagurement value of

2 nozzle of the,gould assenbly aswell 552 mauld assemly pre-determined temperaiyre;xalue. The

mould assembly heater Is usually energised when the temperature sensor measurement vaﬁue is less
than the pre- IPra&tetffind® fehperatité Yaliis sinceahis indicateSthat theltensséradire of the mould

assembly is toadowa The epgrgisad:maild assemilly headerservesdo.elevatertheitemperature of the
mould assembly. Specifically, it acts to elevate the temperatures of the nozzle or the manifold assembly

of the mould 20 assembly. The transmission of mould assembly temperature controller status information
is preferably p&tfermaedlin cewirefessrmmanties faneasye implementations afthotgh the tramsirission can 25

also be transmitied i a wired manner, The applicafion.pipvides apressye controller yalve module for

adjusting pressure of a moulding cavity of an injection-moulding machine. 30 The pressure controller

valve module &P S8t Btthetabove! temperatute t8RGbHEE IATAIs MaRnEL theBtessure controller
valve madule camalselbe tategratesbwith thedemsr 2MBN ©29-PCIn93 peratire contollee and also have
the feature the temperature controller, such as simple design. _

e _duto-triggering configurdtion 1s ‘also called a self

triggering configuration.

The temperature controller module comprises a passive compo-
15 nent network for providing an electrical sensor threshold
signal and one or more analog controller units. The passive

component can refer to resistor, capacitors, and inductors.

The analog controller unit comprises a sensor terminal, an

20 analog threshold detector, an optical coupling device, a pow-
er supply terminal, a heater terminal, and an analog semicon-
ductor power switch. The analog semiconductor power switch

includes a thyristor device.

25 The sensor terminal is used for receiving an electrical meas-

urement signal from a temperature sensor.

The analog threshold detector is used for receiving and for
comparing the electrical sensor threshold signal and the

30 electrical sensor measurement signal, wherein an analog cir-
cuit does the comparison. The signal here refers to an elec-
trical voltage or electrical current signal. In other words,

the comparison does not use digital techniques that involve



The pressure controller valve module comprises a passive com5 ponent network for providing a sensor
threshold value and at least one analog controller unit. Referring to the analog controller unit, it comprises
a sensor termigdRMarPdRaldgithreshold detector, an optical cou- 10 piing device, a power supply terminal,
a valve terminal, and an analog semiconductor power switch. The analog semiconductor power switch
comprises a thyristor device.  In use, the sensor terminal is used for receiving a pressure 15

measurement Y8IUE 6P Mol cavity-°fhe aRBby tHieghoidertioiS Ukd for técéilifig and for
comparing thelsensosithresholch valterand the pressureimeasurgraent valueh wherékwan @analog circuit

does the comppag;%)lpt goalp?otpggtg\ﬁq_rgg, the %%@Ra%ﬁ%n aquoaelSoBOTclﬁ%Q@t?l techniques, such conversion
0 shold

of analog signal to it digital format. The analog thre detector actuates the optical coupling 25 device

according to the above comparison. The actuation can energies or disables the optical coupling device. In

other words, the,word actuation includes the meaniag of ienesgising.and dligahling. 80,The power supply
terminal is use%}ffpr receiving an f\C power s pply from an fexternal source. 2MBNt029 PlCT 94 The valve
terminal is use or%%‘f’l?arting Salve °The Vave'is ﬁlrtsﬁldeao férléeo%?r%‘ﬂilnnggaﬁ%rﬁéuﬁtrgfa force being
applied to a cavityarnwald euap injectibre-nmealding rrachine.1The foreeds fransmitteddfrom an hydraulic

pump to a cylinder-piston 5 arrangement, whetein the cylinder-piston arrangement asserts a force on the
cavity mould via a compression or moving core. The thyristor device is used for providing an auto-trigger

function when the optical coupling device is actuated. The 10 actuated optical coupling device allows an
electricaticurrerit ©f anyelestrical powerdo flow from the pewer sifpply terminabtocthesthyristor device via
the optical coupling.device., This electrical current serves to trigger the thyristor device, which then act to
connect electriglé?gg\}v%? frv%)hrﬁ r%hﬁb%vx?é)rgf‘og %épﬁ@ul%%?ﬁal%gtggﬁlajwse %Crl?ﬁllﬁg .%fhe?t}ﬁ?/ristor device
stops connectingtwhénr therlectatalcirrentiapde Sigrral of Hea thyrister devicedalls elowat

pre-determin.egfhr@(@%q; WQW@&%@%ﬁFy%}é cygls,ofan AG RewessupPly:Jp the next cygle, the
actuated optical coupllnghdev,lce again allows the , , , ,
to the thyristor device via the optical coupling device. This
15 electrical current triggers the thyristor device such that
the thyristor device conducts or connects electrical power

from the AC power supply terminal to the heater terminal.

The thyristor device stops conducting electrical power from
20 the AC power supply terminal to the heater terminal when the
electrical current input signal to the thyristor device falls
below a pre-determined threshold. This occurs in each cycle
of the AC power supply. Then, in the next cycle, the actuated
optical coupling device again allows the electrical current
25 to trigger the thyristor device. In this manner, the thyris-

tor device is triggered again or 1is triggered automatically.

Furthermore, the threshold detector comprises at least one

active component and a sample and hold input electrical cir-
30 cuit. The active component can refer to an operational ampli-

fier, a transistor, and a voltage comparator, which needs

electrical energy for functioning.



20 electrical current to trigger the thyristor device. In other words, the thyristor device is triggered
automatically or is self-triggered when the optical coupling device is actuated. In this embodiment, the
analog semicofideietdr45ower switch 25 connects electrical power from the power supply terminal to the
valve terminal when the analog semiconductor power switch is actuated. The analog semiconductor
power switch does not connect electrical power from the power supply terminal to the valve terminal when

the analog semicondtietSTPSHerSiteh BtFis bt actuated SIMEN 02978E 7505 bR ferififtalto the valve
terminal when ke analeg semicompdyctos peiver switcht iscactoated: Theranatoy semicariductor power

switch connects glectrcal nguer fiom e nower sunplytelminl o the velye terigalhen the analog

semiconductor 5 power switch Is not actuated. The actuation of the semiconductor power switch can refer
to an energisirftPEFtHESemréBititict 6L FEWET SMEN Ot & BisablifgRbT the ‘SericBRAUEfOr power switch.

10 The analogitheesheld deteeton canicarmprse resapple-andhald input electrical ciscuitta hysteresis
circuit, or a volta%e comparator. The threshold detector can also comprise a resistor network for

. a atgd., . . .
converting an gfectiicai current signal of an 15 electrical current sensor to a voltage signal. The analog
threshold detector can also comprise a pull-up circuit. The pull-up circuit can comprise a pull-up resistor

and a capacito,conngeted, in-paraliel 19, the pulliip £esis-2000r- T analog semicendugctor power switch

can comprise a bidirectional triode thyristor or a reverse blocking triode thyristor. 25 The controller unit
can comprise &ﬁ%‘bti%é?&&ﬁﬁlﬁ?gl&lévﬂ’c%e power supply terminal to the heater

10 terminal when the optical coupling device is actuated. The
thyristor device connects electrically the power supply ter-
minal to the heater terminal when the optical coupling device

is not actuated.

15 This temperature controller module is simple to implement and

uses readily available components for lower cost.

The passive component network can comprise a power supply
terminal, a machine mode selector switch with at least two
20 machine mode selector positions, a material type selector
switch with at least two material type selector positions,
and an output terminal. The output terminal is connected to

the material type resistors.

25 The power supply terminal is used for receiving a pre-
determined DC supply voltage. The machine mode selector
switch is used for selectively connecting the power supply
terminal to one of at least two variable machine mode resis-
tors. The material type selector switch is used for selec-

30 tively connecting one of the at least two variable machine
mode resistors to one of at least two material type resis-
tors. The output terminal is used for providing a sensor

threshold signal.



being actuated by the threshold detector when the sensor measurement value exceeds or is below the
sensor threshold value. The actuation energises or disables the optical cou- 30 piing device. 2MBN 029
PCT 96 The an¥idly threshsld detector often energises the optical coupling device when the sensor
measurement value exceeds the sensor thresholdAfalue. 5 The optical coupling device can comprise a
phototriac or a phototransistor. The application also provides a mould assembly for an injec-
tion-moulding machine. The mould assembly Includes an im- 10 proved pressure controller for adjusting
pressure withimiaempoaltding < avityp®hermoulkdtassembininctugesi a enavable diewith astationary die, a
supply nozzle. & moving cofe; 3 Maulding cavifypin 1% tatis pravided.ip nemoyiding cavity and a
pressure controller device. The stationary die and the movable die define a moulding cavity when the
stationary die &fd e miGvable die@rein aiclosea stae. The Sipply #Fo7zle Rsused forgsrdviding or for

injecting resin matedal to the-mowlding cavity: 201The moving core is used for compressing the resin
material received within the moulding cavity. The moulding cavity pin is used for receiving a pressure of
the resin material within the moulding cavity. 25 Referring to the pressure controller device, it Includes a
pressure sens@hea hydrsiliclpuriptacylindespiston @rranmgement eotwyedtingeto thechydraulic pump via a

hydraulic line, and.a pressyre contralier Lpit; The hydraulic line comprises a,valve, 30 The pressure

sensor is used for receivingﬁghe moulding cavity pressure from the moulding cavity pin. The hydraulic
pump is used fotactGating the' eyfiifet-pisfort afraRgemehtifia f-_SMBN 829 PETYF jetting a fluid into
the hydraulic linel The eylindespistonArrangement thernsasseds a fosce agdtheimauldingcavity via the
movmg(xwe'threshold detector can also comprise a pull-up circuit. The
pull-up circuit can comprise a pull-up resistor. The pull-up
circuit can further comprise a capacitor connected in paral-
lel to the pull-up resistor.

15

The thyristor device can comprise a bidirectional triode thy-

ristor or a reverse blocking triode thyristor.

The threshold detector often energises the optical coupling
20 device when the sensor measurement signal exceeds the sensor
threshold signal. The optical coupling device can comprise a

phototriac or a phototransistor.

The application also provides a mould assembly for an injec-
25 tion-moulding machine. The mould assembly is used for shaping
molten resin material to produce a finished moulded part. The
mould assembly includes a moulding cavity, a supply nozzle,
and the above-mentioned temperature controller device that is
mounted on the mould assembly. The supply nozzle is used for
30 providing resin material to the moulding cavity. The tempera-
ture controller device is used for adjusting a temperature of

the supply nozzle.



5 The cylinder-piston arrangement can be provided such that the cylinder is fixed while the piston is
movable or be provided such that the piston is fixed while the cylinder is movable. In a special case, both
the cylinder andMihié pistorPale provided as movable. 10 The valve is used for adjusting or controlling the
cylinder- piston arrangement force on the moving édre. The pressure controller unit is used for actuating
the valve according to the moulding cavity pressure. 15 The moulding cavity pin can comprise an ejector

pin. The ejector iin 1 Provia&d 16r FamBvitigta FnisHe sart Yt tHe modidthg'eabity front five stationary die
and from the movable idie vwien thestatiotiaty die-and thesnowabléerdie aredn-am20opeky state. The

moulding cavty,gin sav.exisnd floD (g MU eaxityo.an eiceion plat, hsrein b igctor pate s

provided for activating the moulding cavity pin such that moulding cavity 25 pin removes a finished part of
the moulding Ga¥AY¥F5iH themaaRmig Eavdity SPRE préssurecdorftrsiier it dan e6migtise the
above-mentiongd apregsurs-controlieravalve sroduler 30T heyapplication pravidas an injection-moulding
machine. The injection-moulding machine comprises an injection-moulding apparatus and the
above-mentioned mould assembly. The mould 2MBN 029 PCT 98 assembly is provided for receiving
resin material ffom treihjectioremaouldimgeappardtss andtfor shapmeethetresin arateral. 5=The application

also provides %&HE%“%‘E“%‘%’]% machinebhe inigstion-maulding-maching allows for an improved
manner of binning finished moulded parts. The injection-moulding machine comprises a mould assembly
and controller module has resistors with different ratios, where-

10 in the ratios allow gquick adaption of the temperature con-

troller module for different resin material.

The temperature controller module comprises a passive compo-
nent network and at least one analog controller unit.
15
The passive component network that comprises a power supply
terminal, a material type selector switch with at least two
material type selector positions, and an output terminal be-
ing connected to the material type components, which may be
20 resistors. The power supply terminal is used for receiving a
pre-determined DC supply voltage. The material type selector
switch is used for selectively connecting the pre-determined
DC supply voltage to one of at least two material type compo-
nents, which may be resistors. The output terminal is used
25 for providing a sensor threshold value, the output terminal

being connected to the material type components.

The analog controller unit comprises a sensor terminal,

a threshold detector, a power supply terminal, and a switch.
30 The sensor terminal is used for receiving a sensor measure-

ment value. The threshold detector is used for receiving the

sensor threshold value and the sensor measurement value. The

power supply terminal is used for receiving an AC power sup-



10 a robotic arm unit. The mould assembly comprises a temperature controller device mounted on the
mould assembly and a wireless transmitter. The wireless transmitter is used for sending information of 15
the temperaturdEdhtbslferitfévice. The robotic arm unit is used for transferring finished moulded parts
from the mould assembly to different bins. The robbtic arm unit selects the bins for the finished moulded
parts according to information received from the temperature controller device. 20 The received
information cah 'compriSe 355reSdeteriiinéd SenSortHr8sion vAIGE Shd'd sehSok friéasurefient value. The
robotic arm unitnyay iselectireject bins for the moulded parts when the sensor measurement value is
different from the sensor 25 threshold value. In other words, the moulded parts are produced a
temperature different from the threshold or a desired temperature. The application provides a method for
assigning finishe@ 30'paRs of anipfsttibPrmotfding Machine O diFerst KinsPTHe Methoe comprises the

step of selecting agsject bintype, fordheifinished partwhenthe senser measwemenalue of the 2MBN
029 PCT 99 injt%ctionr-ln?éjl%{'gg machine is ,substanti%llg/ different from a Pre-deterrgiged sensor threshold

. S egtor actjvates. € S C Ssimilarl o .
value. Put d|ffereﬁﬁy, the fifished parrt canbea rejec Whelthe's senSar easursment value is different

from a pre-detemmingd dra desiedrsensotdhtdshald vatue: T s pe Whyfthertfinished parbiscassigned to a
reject bin type for further copsideratign by pethaps, prodyction auality, staff. 10, The:application provides an

injection-moulding management system. The management system Includes an injection-moulding
machine with & 8fiSay Sefeer A nisbiie“corfiphtifig Hevice! and a reporting server. The mobile computing
device can refer to a mobile phone with a certain computing ability or to a per- 15sonal digital assistant
(PDA). The display S%?eec”l551“58%%é%{i%%%vﬁé'f‘gt%@'%%tftr%”%% fﬁ@%@r E*‘({]%S%';Zd values and sensor
measurement values of a mould assembly of the injection-moulding machine. 20

the AC power supply from the AC power supply terminal to the

heater terminal when the threshold detector activates the

switch. The switch provides the AC power supply from the AC

15 power supply terminal to the heater terminal when the thresh-

old detector does not activate the switch.

The activation of the switch can result in an energising of
the switch or in a disabling of the switch.

20
Component values of the at least two material type components
follow a pre-determined ratio. The component values can refer
to resistance values, to capacitance values, or to inductance
values. The ratio is formed by at least two different num-

25 Dbers, wherein each number being taken from one group of a set
of groups. The set comprises a first group, a second group, a

third group, a fourth group, and a fifth group.

The first group comprises whole numbers ranging from [102 mi-
30 nus 10 % (percent)] to [102 plus 10%]. The second group com-

prises whole numbers ranging from [118 minus 10%] to [118

plus 10%]. The third group comprises whole numbers ranging

from [137 minus 10%] to [137 plus 10%]. The fourth group com-



The mobile computing device is used for receiving a status report. The status report Includes the sensor
threshold value and the sensor measurement value. An operator can provide the status report to the
mobile computitgideVice. F¢He mobile com- 25 puting device is also used for transmitting the status report
to the server, wherein the server is used for generafing an alert for a production line supervisor using the
received report. The alert can Include just the status report or a summacrj}&gf the status report. 30 The

mobile compufiig HevicE'Gitén THEIGAES o Eanerd. Anpetafor aproduteltheYepbiting status that
Includes camepa pictupes of thecinfection-mauldingomachiesandr of ppants: 2MBBNG29¢CT 100

produced by tr}erg}jleqti%n%q%gg\glwfh% . [Tlrbe6 r’r%DoMIg (icbrgolﬁjuting device can be used for transmitted

these pictures with comments for storing or for study. 5 The embodiments can also be described with the
following lists of features or elements being organized into items. The respective combinations of

features, which are glisclased &) the temclists ake regarded-as-dependent subject matter, respectively,
that can also bf- corpbined with ot@gr featuresdlo of the alprplicgion.tl.A temperature controller module for
an injection- mollﬁcT'lng%gléﬁin(()-:-rcomf)rigﬁféloél1 pa%gﬁ}ép(fomp(e)neﬁf ﬁetv%&%a%%%rﬁnsseess 15-a power
supply terminatiorlreceivihg 1a prerdetermined DT supplyoltage, 18 thadHine rode delector switch with
at least two maghing magle selector, positions for selectively; connacting the pawessupplyterminal to

200ne of at least two variable machine mode re- sistors, a material type selector switch with at least two
material type sefectof PositiohsTor SeRiGivRREEOEdhg e T the at Fedttwb? 2 -

10
These pre-determined ratios allow the injection-moulding ma-
chine to process many different resin material with little or

no change to set-up.

15 The material type resistors can comprise a resistance toler-
ance value taken from a set of percents, the set comprises 1%
(percent), 5%, and 10%. Other resistance tolerance values are

also possible but often 1% resistance tolerance is selected.

20 The passive component network can comprise a machine mode se-
lector switch with at least two machine mode selector posi-
tions for selectively connecting the power supply terminal to
one of at least two variable machine mode resistors. The ma-
terial type selector switch selectively connects one of the

25 wvariable machine mode resistors to one of the material type
resistors. The variable machine mode resistors are connected
in series with the material type resistors provide the above-

mentioned ratio.

30 The passive component network can comprise a pull-down compo-
nent, which can be a resistor. One end of the pull-down com-
ponent connects to an electrical ground and another end of

the pull-down component connected to the output terminal.



25variable machine mode resistors to one of at least two material type resistors, and an output terminal
for providing a sensor threshold value, the output terminal being connected to the material type resistors,
30at least oneAffdlod ¢dntoller unit, the analog controller unit comprising a sensor terminal for receiving
a sensor measurement value, 2MBN 029 PCT 1040 a threshold detector for receiving the sensor
threshold value and the sensor measurement value, an optical coupling device being actuated
by 5the threshold detector, a power supply terminal for receiving an AC power supply, a heater terminal
for providing efgctricalrershold detectoergyio @heatescand 48wan anatey semicamnguctor power switch

for providing the AG powe( supply,from Q‘%%&B%VSE§UBE!¥<:F§{[E‘J”%'rtoath%cﬁecaésreteég&iﬂa' when the
optical coupling device Is actuated, wherein 15the threshold detector comprises a sample and hold input
parator. The threshold detector can also comprise a resistor

5 network for converting an electrical current signal of an
electrical current sensor to a voltage signal. The threshold
detector can comprise a pull-up circuit. The pull-up circuit
can comprise a pull-up resistor. The pull-up circuit can com-
prise a capacitor connected in parallel to the pull-up resis-

10 tor.

The switch can comprise a bidirectional triode thyristor or a
reverse blocking triode thyristor. The analog controller unit
can comprise an optical coupling device being actuated by the
15 threshold detector. The threshold detector activates the
switch via the optical coupling device. The actuation ener-
gises or disables the optical coupling device. The threshold
detector often energises the optical coupling device when the
sensor measurement value exceeds the sensor threshold wvalue.
20 The optical coupling device can comprise a phototriac or a

phototransistor.

The application also provides a mould assembly for an injec-
tion-moulding machine. The mould assembly is used for shaping
25 molten resin material to produce a finished moulded part. The
mould assembly have a moulding cavity, a supply nozzle, and
the above-mentioned temperature controller device. The tem-
perature controller device is mounted in the mould assembly.
The supply nozzle is intended for providing resin material to
30 the moulding cavity. The temperature controller device is in-

tended for adjusting a temperature of the supply nozzle.



electrical circuit. 2. The temperature controller module according to item 1, wherein 20the passive
component network further comprises a pull- down resistor to the output terminal. 3. The temperature
controller modét&dc@rdinty to item 1 or 2, wherein 25the threshold detector further comprises a
hysteresis circuit. 4. The temperature controller m&dule according to one of items 1 to 3, wherein 30the
threshold detector further comprises a voltage com- parator. 2MBN 029 PCT 102 5. The temperature

controller modUl& &8t fo BRe T tEris 1 @74, WHEFSIN the Trrekho dBfsctor furthidtcomprises a
resistor networtknfps convertinng: an ielgctricahcurrent signat of aarbelegtsical curnentisansor to a voltage

signal. 6. The temperalute santreller Modhle Ag6ing 2 A0e e iSIwS .5 WoSLsip e foreshold
detector comprises adplél -}fjp circuit. 10 . . erial £ the injects
proviade Or recelvln resiln materia rom e 1lnjection-

5 moulding apparatus and for shaping the resin material.

The application provides a method of calibrating a tempera-

ture controller device for an injection-moulding machine. The

method allows the temperature controller device to use dif-
10 ferent types of sensors, resin materials, and different modes

of the injection-moulding machine.

The method comprises the step of choosing or selecting a
moulding resin material type. A material type selector switch

15 of a resistor network is then set according to the chosen
resin material type. An operating mode of the injection-
moulding machine is afterward chosen. A machine mode selector
switch of the resistor network is later also set according to
the chosen mode of the injection-moulding machine.

20
A suitable temperature sensor type is then chosen. A value is
later determined according to the chosen resin material type,
to the chosen sensor type, and to the chosen mode of the in-
jection-moulding machine. After this, a voltage of the resis-

25 tor network is measured and a variable resistor of the resis-
tor network is adjusted until the measured voltage essential-

ly reaches the predetermined value.

The application provides a temperature controller device for
30 provision within a manifold chamber assembly of an injection-

moulding machine. This provision allows the temperature con-

troller device to be close to it sensors. The closeness re-

duces electrical noises picked up signal wires of the sen-



7. The temperature controller module according to item 6, wherein the pull-up circuit comprises a pull-up
resistor. 15 8.The temperature controller module according to item 7, wherein the pull-up circuit further
comprises a cap&ditdtcortietted in parallel to the pull-up resistor. 20 9.The temperature controller
module according to one of items 1 to 8, wherein thé analog semiconductor power switch comprises a
bidirectional triode thyristor. 25 10. The temperature controller module according to one of items 1 to 9,
wherein the ariia§ sehicoRBYctorpower SitdF coiibies L réerés igékingH8d&Rfyristor. 30 11. The
temperature contsolierymoduteeagearging o onetofdtems 1 to 10, wherein 2MBN 029 PCT 103 the optical
coupling device is energised by the threshold detector when the sensor measurement value exceeds the
sensor threshold value. 5 12. The temperature controller module according to one of items 1 to 11,
wherein the optital EBUBRAG HetRe~Corhprisesa FRutbtTacnClUEE STHe teMperatre offtBiter module

accordinggo one of lOitemsil te Lhavhenedn the gpicalcouplingdevise Gomprises arghotgtransistor.

ture controller module. The casing comprises a first outer
largest dimension of less than or equal to 60 mm, a second
outer largest dimension of less than 100 mm and a third outer
largest dimension of less than or equal to 30 mm. The first

10 outer dimension and the second outer dimension are measured
in directions that are perpendicular to each other. The se-
cond outer dimension and the third outer dimension are also

measured in directions that are perpendicular to each other.

15 It has turned out that such a temperature controller casing
can be used in many injection-moulding machines, especially
in manifold assembly chambers. When the temperature control-
ler is in this chamber, it is near to runners of the manifold
assembly and near to runner nozzles connected to the manifold

20 assembly. The temperature controller is often connected to
heaters and sensors, which are placed on the runner nozzles,

which are then very close to the temperature controller.

The casing can comprise a generally rectangular shape for

25 easy production of the casing. The temperature controller
module can comprise a passive component network and at least
one analog controller unit. The passive component network
comprises an output terminal for providing a sensor threshold
value.

30
The analog controller unit comprises

-a sensor terminal for receiving a sensor measurement value,



14. A mould assembly comprising a moulding cavity, 15a supply nozzle for providing resin material to the

moulding cavity, and a temperature controller device according to one of items 1 to 13 mounted on
the mould assémibily, &hé teATperature controller device being provided for adjusting a 20temperature of
the supply nozzle. 15. An injection-moulding n¥athine comprising an injection-moulding apparatus and

a mould assembly of item 14, the mould assembly be- 25ing provided for receiving resin material from the
in- jection-mou18inbhar§6§r%ﬁ‘i§s ARES6F Shapitg theSesin Atatehal. 3% Zferhpéfittife Gorittoller module for
an injection-30reoudbliing: machine ctherteaperatunetcontitaller module com- prising a passive

component network.{or prayidinga senser fareshold sianal and 2MEN 029,8CT. 404, at least one
controller unit, wherein the controller unit comprises a sensorterminal for receiving a sensor
lneasumﬂnentsﬁyﬁﬂﬁter terminal for providing electrical power to a heat-

5 er, and
-an analog semiconductor power switch for providing the AC
power supply from the AC power supply terminal to the heater
terminal when the threshold detector activates the analog
semiconductor power switch. Likewise, the analog semiconduc-

10 tor power switch does not provide the AC power supply from
the AC power supply terminal to the heater terminal when the
threshold detector does not activate the analog semiconductor

power switch.

15 In another embodiment, the analog semiconductor power switch
does not provide the AC power supply when the threshold de-
tector activates the analog semiconductor power switch. In a
like manner, the analog semiconductor power switch provides
the AC power supply from the AC power supply terminal to the

20 heater terminal when the threshold detector does not activate

the analog semiconductor power switch.

The activation of the semiconductor power switch can result
in an energising of the switch or in a disabling of the

25 switch.

The passive component network can include
-a power supply terminal for receiving a pre-determined DC
supply voltage,

30 -a machine mode selector switch with at least two machine
mode selector positions for selectively connecting the power
supply terminal to one of at least two variable machine mode

resistors, and



5-an analog threshold detector for receiving and for comparing the sensor threshold signal and the sensor
measurement signal, wherein the comparison is done by an analog circuit, an optical coupling
device being a¢tirated4sy #€l10threshold detector, a power supply terminal for receiving an AC power
supply, a heater terminal for providing electrical eférgy to a heater, and 15-an analog semiconductor
power switch that a thyris- tor device for providing an auto-trigger function in which an electrical current

flows from the PoW&r Suply térRiaf fo- fiie- tHyritor dévike Via tHe opfical 20CodRiing dévice for triggering
the thyristor dewice wheletheoaptical icouplingfdevice issactuated, whereinthedhreshold detector

comprises a sample a0d hold igautelestisal dreut 2547 Thetemperaure.qantgliermodule according

to item 16, wherein the passive component network comprises a power supply terminal for
receiving a pre-SSodetéfinetDE StpplyRA|ERR! 54 PrachiA8 nodé RefectBEBwWiteh with at least two
machine rpode-selestarpositions forsaleetively type resistors.

The passive component network can comprise a pull-down resis-
tor. One end of the pull-down resistor connects to an elec-
trical ground and another end of the pull-down resistor con-

10 nects to the output terminal.

The threshold detector can comprise a sample and hold input
electrical circuit, a hysteresis circuit, or a voltage com-
parator. The threshold detector can comprise a resistor net-
15 work for converting an electrical current signal of an elec-
trical current sensor to a voltage signal. The threshold de-
tector can also comprise a pull-up circuit. The pull-up cir-
cuit can comprise a pull-up resistor. The pull-up circuit can
comprise a capacitor connected in parallel to the pull-up re-

20 sistor.

The analog semiconductor power switch can comprise a bidirec-
tional triode thyristor or a reverse blocking triode thyris-
tor.

25
The analog controller unit can comprise an optical coupling
device being actuated by the threshold detector. The actua-

tion energises or disables the optical coupling device.

30 The threshold detector often energises the optical coupling
device when the sensor measurement value exceeds the sensor

threshold value and the threshold detector activates the



2MBN 029 PCT 105 connecting the power supply terminal to one of at least two variable machine mode
resistors, a material type selector switch with at least two material type selector positions for selectively
5connecting oA thE &t ksast two variable machine mode resistors to one of at least two material type
resistors, and an output terminal for providing a sé€fsor threshold signal, the output terminal
being connected to the 10material type resistors. 18. The temperature controller module according to item
16 or 17, wherih thth& {fassiVe 8mponhent ReRbOAEcomptises d Phll-ddwife- f518tbt ¥onnecting to an
electrical ground-anc:toctine autput teraiaakbH@: dhel temperaturghocantrebershedate according to one of
items 16 to 18, wherein 20the threshold detector further comprises a hysteresis circuit. 20. The

temperature controller module according to one of items 16 to 19, wherein
The application also provides a mould assembly for an injec-

5 tion-moulding machine. The mould assembly has an improved
temperature control. The temperature controller device is
provided within a manifold chamber assembly of the mould as-

sembly.

10 The mould assembly includes a back plate comprising a receiv-
ing cavity, a moulding plate comprising at least one moulding
cavity, a supply nozzle with a manifold assembly, and a tem-
perature controller device. A stationary die together with a
movable die defines the moulding cavity when the stationary

15 die and the movable die are in a closed state.

The receiving cavity is used for receiving resin material
from an injection-moulding apparatus. The moulding cavity 1is
used for shaping resin material to form finished moulded

20 parts. The supply nozzle with a manifold assembly is used for
providing resin material from the receiving cavity to the
moulding cavity. The temperature controller device is used

for adjusting a temperature of the supply nozzle.

25 The back plate and the moulding plate are separate by a dis-
tance in which the back plate and the moulding plate define a
space. The manifold assembly and the temperature controller
device are provided in this space between the back plate and
the moulding plate.

30
The temperature controller is small enough to be fixed into
this space. This size also allows the temperature controller

to be close it temperature sensors that are mounted on the



25the threshold detector further comprises a voltage com- parator. 21. The temperature controller module
according to one of items 16 to 20, wherein 30the threshold detector further comprises a resistor net-
work for convettiy avreletfiical current signal of an electrical current sensor to a voltage signal. 2MBN
029 PCT 106 22. The temperature controller modi§ié according to one of items 16 to 21, wherein the
threshold detector comprises a pull-up circuit. 5 23. The temperature controller module according to item

22, wherein th&'BUitdp Citait Comprisesa PGS TedisiBtceS 549%Ré Bperaflre ohtibller module
according to itenr23, b@whereindhe prdlcup eirsait funtherr comiptisesncapacitdracarinected in parallel to

the pull-up resjsiqr. . . 25, The.tempgrature. gontrallarmodyle aceording (o one 9f 15jtems 16 to 24,

wherein the thyristor device comprises a bidirectional triode thyristor. 26. The temperature controller
module accordifi§ 16 6rré-of 20items 16 to 25, wherein the thyristor device comprises a reverse blocking
triode thyristor. 27. The temperature controller module according to one of 25items 16 to 26, wherein

The temperature controller unit can include the above-

mentioned temperature controller device.

The application also provides an injection-moulding machine.
10 The injection-moulding machine comprises an injection-

moulding apparatus and the above mould assembly. The mould

assembly is provided for receiving resin material from the

injection-moulding apparatus and for shaping the resin mate-

rial.

15
The application provides an improved device. The device can
refer to an injection-moulding machine or to parts of the in-
jection-moulding machine. The device includes a mould assem-
bly and an injection-moulding apparatus.

20

The mould assembly receives molten resin material from the
injection-moulding apparatus. Within a short time, the mould
assembly shapes the resin material to form finished products.
To provide for improved temperature control of the molten

25 resin material at the injection-moulding apparatus, the mould
assembly provides temperature information of the resin mate-
rial at the mould assembly to the injection-moulding appa-

ratus.

30 The injection-moulding apparatus comprises a barrel and a
barrel temperature controller device. The barrel is used for

receiving resin material and for melting the resin material.



the optical coupling device is energised by the threshold detector when the sensor measurement signal
exceeds the sensor threshold signal. 30 28. The temperature controller module according to one of items
16 to 27, wherelfBthedggtical Toupling device comprises a phototriac. 2MBN 029 PCT 107 29. The
temperature controller module according to one ofitems 16 to 27, wherein the optical coupling
device comprises a phototransistor. 5 30. A mould assembly comprising a moulding cavity, a supply
nozzle for providiig YT mateMBrPthHe motfding Taviy, dd1ce 15 Usedehiferdtdié®&ontroller device
according to one®f 1Qitetesp6:10 120 mounted ©rvthermould assembly, the tem- perature controller device
being provided for adjusting a temperature of the supply nozzle. 31. An injection-moulding machine
comprising 15an injection-moulding apparatus and a mould assembly of item 30, the mould assembly
being provided ft réegiving FESIR M ALt RO Bife injBelidR-Moulemt pparatGs =t for $haping the

resin mateyial. 2Q:32 sArtemperateconiralles meduledor an injaction-meowlding achine, the temperature
controller module Eomgrisir}gmipassivde component network that comprises . .

mould asse , and a wilreless transmitter. A stationary die

together with a movable die defines the moulding cavity when

the stationary die and the movable die are in a closed state.

10 The supply nozzle is used for channelling the resin material
from the injection-moulding apparatus to the moulding cavity.
The moulding cavity is used for shaping the molten resin ma-
terial to form finished parts. The nozzle temperature con-
troller device is used for adjusting the temperature of the

15 supply nozzle. The wireless transmitter is used for sending

information of the nozzle temperature controller device.

The injection-moulding apparatus further comprises a wireless
receilver for receiving the information from the nozzle tem-
20 perature controller device. Moreover, the barrel temperature
controller is used for adjusting a temperature of the barrel
according to the received information from the nozzle temper-

ature controller device.

25 This manner of controlling the barrel temperature provides a
close loop between the injection-moulding apparatus and the
moulding assembly, which provides a better barrel temperature

control.

30 The wireless transmitter often comprise an analog to digital
converter (ADC) for converting the nozzle temperature con-
troller device information into a digital format, such that

the wireless transmitter can send the digitalised infor-



25-a power supply terminal for receiving a pre- determined DC supply voltage, a material type selector
switch with at least two material type selector positions for selectively connecting the pre-determined DC
30supply voltagéad ¥ oPat'least two material type components, and 2MBN 029 PCT 108 an output
terminal for providing a sensor threshold value, thé ®utput terminal being connected to the material
type components, and at least one analog controller unit, the analog 5controller unit that comprises a

sensor termindl3or feteititga ¥ensdrieastiémeht vate, °f o8 thiedhold Hetéttdr fordtceiving the
sensor threshald value andthésensor measurement 10value, a power supply terminal for receiving a
power supply, a heater terminal for providing electrical en- ergy to a heater, and
The nozzle temperature controller can comprise a passive com-
5 ponent network that comprises an output terminal for provid-

ing a sensor threshold value, and at least one analog con-

troller unit.

The analog controller unit comprises a sensor terminal, a

10 threshold detector, an AC power supply terminal, a heater
terminal, and an analog semiconductor power switch. The sen-
sor terminal is used for receiving a sensor measurement val-
ue. The threshold detector is used for receiving the sensor
threshold value and the sensor measurement value. The AC pow-

15 er supply terminal is used for receiving an electrical power.
The heater terminal is used for providing AC electrical power
to a heater. The analog semiconductor power switch is used
for providing the AC electrical power from the AC power sup-
ply terminal to the heater terminal when the threshold detec-

20 tor activates the switch.

The passive component network can comprise a power supply
terminal, a machine mode selector switch with at least two
machine mode selector positions, and a material type selector

25 switch with at least two material type selector positions.
The output terminal is connected to the material type resis-
tors. The power supply terminal is used for receiving a pre-
determined DC supply voltage. The machine mode selector
switch is used for selectively connecting the power supply

30 terminal to one of at least two variable machine mode resis-
tors. The material type selector switch is used for selec-

tively connecting one of the at least two variable machine



15-a switch for providing the power supply from the power supply terminal to the heater terminal when the
threshold detector activates the switch, wherein 20values of the at least two material type components fol-
low a pre-deteriied Fatid;, @Ae ratio being formed by at least two numbers, the number being taken from
one group of a set of groups, the set comprises a fifst group, a second group, a third group, a fourth
group, and a fifth 25group, the first group comprises numbers ranging from [102 minus 10 % (percent)] to

[102 plus 10%f't& setohid Grotip comprises rumb&Tangitty foht FLes niifis 1694115118 plus 10%),
30the third groupreamprises numbers ranging from [137 mi- nus 10%] to [137 plus 10%], the fourth group
comprises numbers ranging from [169 minus 10%] to [169 plus 10%], and 2MBN 029 PCT 109 the fifth
group comprises numbers ranging from [196 minus 10%] to [196 plus 10%].  33. The temperature
controller modGiCaBesT@iintg t& RBRP32NSwhe kiR the TRateTREIEIS Bompohents @bmpiise & Tesistance

tolerance yalue saken fron aseofparcents) the set comprises L%npereant) 5%, and d0%. 10 34. The
temperature controll(-ir module acco din%t?1 item 3 ort33, Whereﬂ ,
trical ground and another end of the pull-down resistor con-

nects to the output terminal.

The threshold detector can comprise a sample and hold input

10 electrical circuit, a hysteresis circuit, or a voltage com-
parator. The threshold detector can also comprise a resistor
network for converting an electrical current signal of an
electrical current sensor to a voltage signal. The threshold
detector can also comprise a pull-up circuit. The pull-up

15 circuit can comprise a pull-up resistor. The pull-up circuit
can comprise a capacitor connected in parallel to the pull-up

resistor.

The analog semiconductor power switch can comprise a bidirec-
20 tional triode thyristor or a reverse blocking triode thyris-

tor.

The analog controller unit can also comprise an optical cou-
pling device being actuated by the threshold detector. The

25 actuation energises or disables the optical coupling device.
The threshold detector activates the switch via the optical
coupling device. The threshold detector often energises the
optical coupling device when the sensor measurement value ex-
ceeds the sensor threshold value.

30
The optical coupling device can comprise a phototriac or a

phototransistor.



the passive component network further comprises a machine mode selector switch with at least two
machine mode selector positions for selectively 15connecting the power supply terminal to one of at least
two variable madhthe® afbdeCdomponents and the material type selector switch selectively con-

necting one of the at least two variable machine mdtitle components to one of the at least two material
20type components. 35, The temperature controller module accordin%pto one of items 32 to 34, wherein

the passive comiSorfeht nétitotk furiEr doinpriseB P8 fulf-toni EsMpbhiaht ohRE.fiRG To an electrical
ground and to the eutpgutaterming c36 ohhedempergture dontolleT meodul¢caccosdingatolarie gf items 32 to

35, wherein 30the threshold etector comprises.a sample and hald input glectrical circut, 2MBN 029
PCT 110 37. The temperature controller module according to one of items 32 to 36, wherein
assembly. The injection-moulding apparatus is used for re-
5 ceiving resin material, for melting the resin material, and
for injecting the molten resin material to the mould assem-

bly. The mould assembly is used for shaping the molten resin

to form finished moulded parts.

10 The method includes a step of transferring resin material

from the injection-moulding apparatus to the mould assembly.

After this, a temperature controller of the mould assembly
actuates a heater of the mould assembly. The actuation can

15 refer to energising the heater or to disabling the heater.
The heater actuation adjusts the temperature of the mould as-
sembly by injecting heat energy into the mould assembly while
the mould assembly dissipates heat energy into the surround-
ing. By adjusting amount of heat injected, the temperature of

20 the mould assembly can increase or decrease.

Status information of the mould assembly temperature control-

ler is then transmitted to a temperature controller of the

injection-moulding apparatus. The status information can in-
25 dicate that the mould assembly temperature controller is en-

ergising or is disabling the mould assembly heater.

The injection-moulding apparatus temperature controller then

actuates a heater of the injection-moulding apparatus accord-
30 ing to the said transmitted information. The actuation of the

injection-moulding apparatus heater can refer to energising

or to disabling of the injection-moulding apparatus heater.



the threshold detector further comprises a hysteresis circuit. 5 38. The temperature controller module
according to one of items 32 to 37, wherein the threshold detector further comprises a voltage
comparator. 16138 The%tehsPerature controller module according to one of items 32 to 38, wherein  the
threshold detector further comprises a resistor netbrk for converting an electrical current signal of an
15electrical current sensor to a voltage signal. 40. The temperature controller module accaording to one of

items 32 to 39 Wheein'thethresitld dutector confides’a pulisiy cirelit 5o 21. The tehiigérature

controller modmhetaq:d@rljimgtmhterrw@_, whe;teinatlaeemmlgp@reuitﬁwnm@sigmbmplgsistqr. 2542. The
temperature conuQller nggheﬁ%‘i%@&‘.g 10 jlem, 41, whegein the pull-up Gircyit fypthec comprises a

capacitor connected in parallel to the pull-up resistor. 30 43. The temperature controller module according
to one of items 3246 42 Ifereft M SFHRCR CoPAPTSES B IfidiPécticital Hrifaé yristor 1 2MBN 029 PCT

111 5 the injection-moulding apparatus when the injection-moulding

apparatus heater is energised.

On one hand, when the transmitted information indicates that
the mould assembly temperature is too high, the injection-

10 moulding apparatus temperature controller can reduce its tem-
perature by injecting no heater energy or less heat energy
into the injection-moulding apparatus. This then leads to
resin material within the injection moulding to being cooler.
The cooler resin material is later transferred from the in-

15 jection-moulding apparatus to the mould assembly, wherein the
cooler resin material acts to lower the temperature of the

mould assembly.

On another hand, when the transmitted information indicates
20 that the mould assembly temperature is too low, the injec-
tion-moulding apparatus temperature controller can increase
its temperature by injecting more heat energy into the injec-
tion-moulding apparatus. This afterward leads to hotter resin
material within the injection-moulding apparatus. The hotter
25 resin is then transferred from the injection-moulding appa-
ratus to the mould assembly. The hotter resin material serves

to increase the temperature of the mould assembly.

This method allows the injection-moulding apparatus to sent

30 resin material with a desired temperature to the mould assem-
bly. Although the mould assembly temperature controller acts
to adjust the temperature of the resin material within the

mould assembly, the mould assembly temperature controller may



44. The temperature controller module according to one of items 32 to 42, wherein the switch comprises a
reverse blocking triode thyristor. 5 45. The temperature controller module according to one of items 32 to
44, wherein thé #aldg eohfr®ller unit further comprises  an optical coupling device being actuated by
the thresh-10old detector, the threshold detector attivates the switch via the optical coupling device. 46.
The temperature controller module according to item 45, wherein 15the optical coupling device is

energised by tA8 thRSsHE U dete&br Whe'the $674dF MRhShrémehtvaite EXcEedsihe 8ensor threshold
value. 47. phedemperature aonirolles modudlecaccordingriositemuds 20er 460 Whereintthe optical

coupling device comprises  Rhgiotriac. 48, The, emperature contrgller modhle, aggordjng o, item 45 or

46, wherein 25the optical coupling device comprises a phototransistor. 49. A mould assembly comprising
a moulding cadifgemPly is eps&igplyHbzzIE forirovidiRg Pesiitmateridto thé 3omtodieing.cavity, and

a temperagure costialey devige-acearding-tohene of dems 32degtd maornted Hncthermonld assembly, the

tem- .
time.

In practice, the mould assembly temperature controller status
information can include a mould assembly temperature sensor
10 measurement value of a nozzle of the mould assembly as well

as a mould assembly pre-determined temperature value.

The mould assembly heater is usually energised when the tem-
perature sensor measurement value is less than the pre-

15 determined temperature value since this indicates that the
temperature of the mould assembly is too low. The energised
mould assembly heater serves to elevate the temperature of
the mould assembly. Specifically, it acts to elevate the tem-
peratures of the nozzle or the manifold assembly of the mould

20 assembly.

The transmission of mould assembly temperature controller
status information is preferably performed in a wireless man-
ner for easy implementation, although the transmission can

25 also be transmitted in a wired manner.

The application provides a pressure controller valve module
for adjusting pressure of a moulding cavity of an injection-
moulding machine.

30
The pressure controller valve module can use parts of the
above temperature controller. In this manner, the pressure

controller valve module can also be integrated with the tem-



2MBN 029 PCT 112 perature controller device being provided for adjusting a temperature of the supply
nozzle. 50. An injection-moulding machine comprising 5an injection-moulding apparatus and a mould
assembly of itéHEA9,GA8 molild assembly being provided for receiving resin material from the
injection-moulding apparatus and for shaping the f&sin material. 10 51A method of calibrating a
temperature controller device for an injection-moulding machine, the method comprising choosing a resin
material type atftf & SehSor §0e, 5cHodsiy amddeotthe ifjetfioh houldivg HABHIREL U Ssetting a
material type ssatectoo sitch cfuacpassive icopnpodestinetwork according to the resin material type,
setting a machine mode selector switch of the pas- 20sive component network according to the mode of
the in- jection-moulding machine, measuring a voltage of the passive component network, and
adjusting a vanaisiereSistor 6f e passive Eonipo 2 Birehitlifetidik thtif the nieastiEs volage essentially

5 ponent network for providing a sensor threshold value and at

least one analog controller unit.

Referring to the analog controller unit, it comprises a sen-

sor terminal, an analog threshold detector, an optical cou-
10 pling device, a power supply terminal, a valve terminal, and

an analog semiconductor power switch. The analog semiconduc-—

tor power switch comprises a thyristor device.

In use, the sensor terminal is used for receiving a pressure

15 measurement value of a moulding cavity.

The analog threshold detector is used for receiving and for
comparing the sensor threshold value and the pressure meas-
urement value, wherein an analog circuit does the comparison.
20 In other words, the comparison does not use digital tech-
niques, such conversion of analog signal to it digital for-

mat.

The analog threshold detector actuates the optical coupling
25 device according to the above comparison. The actuation can

energies or disables the optical coupling device. In other

words, the word actuation includes the meaning of energising

and disabling.

30 The power supply terminal is used for receiving an AC power

supply from an external source.



reaches a value that is determined according to the chosen resin material type, to the chosen sensor

type, and to the chosen mode of the mould injecting machine. 30 52. A temperature controller device for
provision withiaMBmhdhifdld eAamber assembly of an injection-moulding machine, temperature controller
device comprising a temperature controller modulé‘and 2MBN 029 PCT 113 a casing enclosing the
temperature controller module, the casing that comprises a first outer dimension of less than or equal to

60 mm, a secontioliter Bimersio 8t 1e53 tHaRLGE A Aritha thifd dutér dimertdion 6t 1&Ss Sthan or equal
to 30 mm. 53. Thedemperaturecconteolierdevicey asacording ta ite 52y wheseitntiheagasing €omprises a

rectangular shage, 1054 fhe temperaiuce conuglie devige pLeprdng o e 52,0153, wherein the

temperature controller module comprises  a passive component retwork that comprises an out- 15put
terminal, wheréi theeastput FEMiRBPProvidés arsehso? tRrEShol® valuey anddaticast e controller unit,

the controfler unitthalcemprjSeerein the aSANSAderpPinal dar raceiviggnasenseismeas- 20urement

value , . . .
' a force on the cavity mould via a compression Or moving core.

The thyristor device is used for providing an auto-trigger
function when the optical coupling device is actuated. The

10 actuated optical coupling device allows an electrical current
of an electrical power to flow from the power supply terminal
to the thyristor device via the optical coupling device. This
electrical current serves to trigger the thyristor device,
which then act to connect electrical power from the power

15 supply terminal to the valve terminal. The thyristor device
stops connecting when the electrical current input signal of
the thyristor device falls below a pre-determined threshold,
which occurs every cycle of an AC power supply. In the next
cycle, the actuated optical coupling device again allows the

20 electrical current to trigger the thyristor device. In other
words, the thyristor device is triggered automatically or is

self-triggered when the optical coupling device is actuated.

In this embodiment, the analog semiconductor power switch

25 connects electrical power from the power supply terminal to
the valve terminal when the analog semiconductor power switch
is actuated. The analog semiconductor power switch does not
connect electrical power from the power supply terminal to
the valve terminal when the analog semiconductor power switch

30 is not actuated.

In a further embodiment, the analog semiconductor power

switch does not connect electrical power from the power sup-



a threshold detector for receiving the sensor threshold value and the sensor measurement value,

a power supply terminal for receiving an AC 25power supply, a heater terminal for providing electrical
power to a heat¥BNari % SWitch for providing the AC power supply from the AC power
supply terminal to the heat- 30er terminal when théhreshold detector acti- vates the switch. 2MBN 029
PCT 114 55. The temperature controller device according to item 54, wherein the passive component

network furtheP t8mpTides alpdwer 8appiy tefmiHiTor feceiifg & pre-"SdeRPmifat B supply voltage,
a machine modesetectpo switchwiitiy it ieast dwoamachinenmogeaselgctosrpositions-fasselectively

connecting the.awer syppl terminaldo.one ofafIeast tya yariaple mashing fede [egisiyys. and 10-a
material type selector switch with at least two
terminal to the valve terminal when the analog semiconductor

5 power switch is not actuated.

The actuation of the semiconductor power switch can refer to

an energising of the semiconductor power switch or to a disa-
bling of the semiconductor power switch.

10

The analog threshold detector can comprise a sample and hold

input electrical circuit, a hysteresis circuit, or a voltage

comparator. The threshold detector can also comprise a resis-
tor network for converting an electrical current signal of an

15 electrical current sensor to a voltage signal.

The analog threshold detector can also comprise a pull-up
circuit. The pull-up circuit can comprise a pull-up resistor
and a capacitor connected in parallel to the pull-up resis-

20 tor.

The analog semiconductor power switch can comprise a bidirec-
tional triode thyristor or a reverse blocking triode thyris-
tor.

25
The controller unit can comprise an optical coupling device
being actuated by the threshold detector when the sensor
measurement value exceeds or is below the sensor threshold
value. The actuation energises or disables the optical cou-

30 pling device.



material type selector positions for selectively connecting one of the at least two variable machine mode
resistors to one of at least two material type resistors, 15wherein the output terminal is connected to the
material type ré¥istors2° 6. The temperature controller device according to item 54 20or 55, wherein
the passive component network further comprises* pull-down resistor connecting to an electrical ground
and to the output terminal. 25 57. The temperature controller device according to one of items 54 to 56,

wherein the threé&hdid Hetector E6MsHEL 8 Sariisié andRBIERPEE eRetidATirit 39’58, The
temperature cantupllendevies aceonding tolonesehitemsnzd tarbénwhereinlthe threshwald detector further
comprises a hysteresis &ilrgggh 2MBN.929 PCT 115 59. The temperature controller device according to
one of items 54 to 57, wherein the threshold detector further comprises a voltage com- 5parator.
60. The temperature controller device according to one of items 54 to 59, wherein the threshold

detector furthericomprises:a resistarinet- dOwark forgonvetingan gleatrealcurtentssigaal of an

phototransistor.

The application also provides a mould assembly for an injec-
tion-moulding machine. The mould assembly includes an im-
10 proved pressure controller for adjusting pressure within a

moulding cavity.

The mould assembly includes a movable die with a stationary
die, a supply nozzle, a moving core, a moulding cavity pin

15 that is provided in the moulding cavity and a pressure con-
troller device. The stationary die and the movable die define
a moulding cavity when the stationary die and the movable die
are in a closed state. The supply nozzle is used for provid-
ing or for injecting resin material to the moulding cavity.

20 The moving core is used for compressing the resin material
received within the moulding cavity. The moulding cavity pin
is used for receiving a pressure of the resin material within

the moulding cavity.

25 Referring to the pressure controller device, it includes a
pressure sensor, a hydraulic pump, a cylinder-piston arrange-
ment connecting to the hydraulic pump via a hydraulic line,
and a pressure controller unit. The hydraulic line comprises
a valve.

30
The pressure sensor is used for receiving the moulding cavity
pressure from the moulding cavity pin. The hydraulic pump is

used for actuating the cylinder-piston arrangement via in-



electrical current sensor to a voltage signal. 61. The temperature controller device according to one of
items 54 to 60, wherein 15the threshold detector comprises a pull-up circuit. 62. The temperature
controller devié&Ec8ringdd item 61, wherein the pull-up circuit comprises a pull-up resistor. 63. The
temperature controller device according to item 622 Wherein the pull-up circuit further comprises a
capacitor connected in parallel to the pull-up resistor. 64. The temperature controller device according to
one of items 543663} Wierbit'ite SWitenh Comprisesd bidirédtitital tHEdE XHyristor. 39 85°Fhe
temperature cantreliersgevice dceordingdo oneaoffiterms Shta 63, whereinriheswiichycomyprises a reverse
blocking triodetﬁp%riégq;i%l\/lgé\kg@ PCT 116 66. The temperature controller device according to one of
items 54 to 65, wherein the controller unit further comprises 5an optical coupling device being actuated by
the thresh- old detector when the sensor measurement value exceeds or is below the sensor threshold

value, theghresheld-detecteraglivates the switghnda the optical goupling-devigen10hat the
cylinder is fixed while the piston is movable or be provided
such that the piston is fixed while the cylinder is movable.
In a special case, both the cylinder and the piston are pro-

vided as movable.

10
The valve is used for adjusting or controlling the cylinder-
piston arrangement force on the moving core. The pressure
controller unit is used for actuating the valve according to
the moulding cavity pressure.

15

The moulding cavity pin can comprise an ejector pin. The
ejector pin is provided for removing a finished part of the
moulding cavity from the stationary die and from the movable
die when the stationary die and the movable die are in an

20 open state.

The moulding cavity pin can extend from the mould cavity to

an ejector plate, wherein the ejector plate is provided for

activating the moulding cavity pin such that moulding cavity
25 pin removes a finished part of the moulding cavity from the

moulding cavity.

The pressure controller unit can comprise the above-mentioned
a pressure controller valve module.

30
The application provides an injection-moulding machine. The
injection-moulding machine comprises an injection-moulding

apparatus and the above-mentioned mould assembly. The mould



67. The temperature controller device according to item 66, wherein the optical coupling device is
energised by the threshold detector when the sensor measurement value exceeds 15the sensor threshold
value, the thresHB détécisiTacti- vates the switch via the optical coupling device. 68. The temperature
controller device according to item 66 or 67, wheréif 20the optical coupling device comprises a
phototriac. 69. The temperature controller device according to item 66 or 67, wherein the optical coupling
device compriges & BhototranB%tor 28%d.%& n?&ﬁlﬁ%ﬁé?nﬁ@%&?nﬁ%ﬁﬁlal Sipatkprate that comprises
a receiving cavity; fortréceiing: tesingnatesiatatus and famouidingrplatethatccomprisesat least one
mould- 30ing cavity for shaping the resin material, a supply nozzle with a manifold assembly for
providing the resin material from the receiving cavity to the moulding cavity, and 2MBN 029 PCT 117

a temperature controller unit for adjusting a temperature of the supply nozzle, wherein the back plate and

the moulding ptate aksoseparated byia distade.des an injection-moulding machine.
The injection-moulding machine allows for an improved manner

of binning finished moulded parts.

The injection-moulding machine comprises a mould assembly and
10 a robotic arm unit. The mould assembly comprises a tempera-
ture controller device mounted on the mould assembly and a

wireless transmitter.

The wireless transmitter is used for sending information of

15 the temperature controller device. The robotic arm unit is
used for transferring finished moulded parts from the mould
assembly to different bins. The robotic arm unit selects the
bins for the finished moulded parts according to information
received from the temperature controller device.

20
The received information can comprise a pre-determined sensor
threshold value and a sensor measurement value. The robotic
arm unit may select reject bins for the moulded parts when
the sensor measurement value is different from the sensor

25 threshold value. In other words, the moulded parts are pro-
duced a temperature different from the threshold or a desired

temperature.

The application provides a method for assigning finished
30 parts of an injection-moulding machine to different bins. The
method comprises the step of selecting a reject bin type for

the finished part when the sensor measurement value of the



5wherein the back plate and the moulding plate define a chamber for enclosing the manifold assembly
and the temperature controller device. 71. The mould assembly according to item 70, wherein 10the
temperature céhipdllérAhiPE@mprises a temperature controller device according to one of items 52 to 69.
72. An injection-moulding machine comprising an fhjection-moulding apparatus and 15a mould assembly
according to item 70 or 71, the mould assembly being provided for receiving resin material from the
injection-mouldifgSPparatd¥ dnd 6P sRagint the résit histanar 273 9 Hevicd CorpriBiny an
injection-moulging-apparatus: that camprises . :ebarretiforagceiving resin material and for melting the resin
material and a barrel temperature controller device and 25a mould assembly that comprises
a moulding cavity, a supply nozzle for channelling the resin material to the moulding cavity, a

nozzle temper&tiire CohtrilRT Beviceouhted STR thehotif aSSembhe itk aWwielddstransmitter for
sending informatiosnoef the-nezzledempesatuse controllee devicerrom a pre-determined

or a desired sensor threshold value. This is why the finished
part is assigned to a reject bin type for further considera-

tion by perhaps production quality staff.

10 The application provides an injection-moulding management
system. The management system includes an injection-moulding
machine with a display screen, a mobile computing device, and
a reporting server. The mobile computing device can refer to
a mobile phone with a certain computing ability or to a per-

15 sonal digital assistant (PDA).

The display screen is used for showing pre-determined sensor
threshold values and sensor measurement values of a mould as-
sembly of the injection-moulding machine.

20
The mobile computing device is used for receiving a status
report. The status report includes the sensor threshold value
and the sensor measurement value. An operator can provide the
status report to the mobile computing device. The mobile com-

25 puting device is also used for transmitting the status report
to the server, wherein the server is used for generating an
alert for a production line supervisor using the received re-
port. The alert can include just the status report or a sum-
mary of the status report.

30
The mobile computing device often includes a camera. An oper-
ator can produce the reporting status that includes camera

pictures of the injection-moulding machine and/or of parts



2MBN 029 PCT 118 wherein the injection-moulding apparatus further comprises a wireless receiver for
receiving the nozzle temperature controller device information,  wherein the nozzle temperature
controller deviedBpra-SEEed for adjusting a temperature of the supply nozzle, and wherein the barrel
temperature controller is provided for adjusting a tétfiperature of the barrel according to the nozzle
temperature controller device information. 10 74. The device acc.ording#to item 73, wherein the wireless

transmitter coMpREES &h &¥albgto digitalTCoivetEHADE) it Coiierting thé'Rbz2fe teperature
controller device infotation intmaldigiteddarmat; ISsuchnthat the wirelesptransmitterscam send the digital-

ised information, 75, The (}%\éicgtaé:ggﬂt%jngrtogge}_{n S7§Jg|§74 wherein the nozzle temperature controller
comprises 20-a passive component network that comprises an out- put terminal, wherein the output

terminal provides a sensor threshold value, and at least one controller unit, the controller unit that
comprises;25-arsensab teimibat fordecelving assensor ineasyurementvalues 1 1owing

lists of features or elements being organized into items. The
respective combinations of features, which are disclosed in
the item list, are regarded as independent subject matter,
respectively, that can also be combined with other features

10 of the application.

1. A temperature controller module for an injection-
moulding machine comprising

a passive component network that comprises

15 - a power supply terminal for receiving a pre-
determined DC supply voltage,

- a machine mode selector switch with at least
two machine mode selector positions for selec-
tively connecting the power supply terminal to

20 one of at least two variable machine mode re-
sistors,

- a material type selector switch with at least
two material type selector positions for se-
lectively connecting one of the at least two

25 variable machine mode resistors to one of at
least two material type resistors, and

- an output terminal for providing a sensor
threshold value, the output terminal being
connected to the material type resistors,

30 at least one analog controller unit, the analog
controller unit comprising

- a sensor terminal for receiving a sensor meas-

urement value,



a threshold detector for receiving the sensor threshold value and the sensor measurement value, 30-a
power supply terminal for receiving electri- cal power, a heater terminal for providing electrical power to a
heater, and 20BN 0299PETT119 a switch for providing the electrical power from the AC power supply
terminal to the heater terminal when the threshold-8étector activates the switch. 5 76. The device
according to item 75, wherein the passive component network further comprises a power supply terminal
for receiving a predeterminéd DC Supply v6Rdge SE6-2Fnathire’ modeSdelettor St hiti at least two
machine mode selector positions forrselectively £ommesting the powercsupgly ¢erminahto one of at least
two variable machine mode resistg %u%n,d a material type selector switch with at least two 15material
type selector positions for selectively connecting one of the at least two variable machine mode resistors
to one of at least two materfal typétesSigtors2andviereny devighelsiupdt &FhliAaSe connected to the
material type 20resistors. the threshold detector,

- a power supply terminal for receiving an AC
power supply,
- a heater terminal for providing electrical en-
ergy to a heater, and
10 - an analog semiconductor power switch for
providing the AC power supply from the AC pow-
er supply terminal to the heater terminal when
the optical coupling device is actuated,
wherein
15 the threshold detector comprises a sample and hold input

electrical circuit.

2. The temperature controller module according to item 1,
wherein
20 the passive component network further comprises a pull-

down resistor to the output terminal.

3. The temperature controller module according to item 1 or

2, wherein

25 the threshold detector further comprises a hysteresis
circuit.
4. The temperature controller module according to one of

items 1 to 3, wherein
30 the threshold detector further comprises a voltage com-

parator.



77. The device according to item 75 or 76, wherein the passive component network further comprises a
pull-down resistor connecting to an electrical ground and to 25the output terminal. 78. The device
according to oR¥®¥ iteh¥s 768Tto 77, wherein the threshold detector comprises a sample and hold input
electrical circuit. 30 79. The device according to ohiéof items 75 to 78, wherein the threshold detector
further comprises a hysteresis circuit. 2MBN 029 PCT 120 80. The device according to one of items 75 to
79, wherein the threﬁb?d RGO FiitiFerrCothprises & Vit comparaidt 98t °TRE Wetice according to
one of items 75 to 80 welrerein the thresheldedetector further comprises a resistor network for converting
an electrical current sigoal gf.aq elecirigal gwent seNserdp 3 ypllgge sional, B2, The deyige according to
one of items 75 to 81, wherein the threshold detector comprisesa pull-up circuit. 83. The device
according to item 82 "RREriATStRa FrALAp Siredit TORTPISesa prillids Pésisioi"84. Thedevice according
to item 83gwherein the pulup-gircuit further cemprses & capagitargonnegted in parallel to the pull-up
resistor. 20 85. The device according to one of items 75 to 84, wherein the switch comprises a
bidirectional triode thyristor. 86. The device according to one of items 75 to 84, wherein 25the switch
comprises a reverse Bieckirgpaade thnrissdok. 87, Tihe devicecaccordingitojone ofitentst 75 to 86, wherein

the controller unit furgh@gnp:pr@prgge%, wherein

the threshold detector comprises a pull-up circuit.

10
7. The temperature controller module according to item 6,

wherein
the pull-up circuit comprises a pull-up resistor.

15 8. The temperature controller module according to item 7,
wherein
the pull-up circuit further comprises a capacitor con-
nected in parallel to the pull-up resistor.

20 9. The temperature controller module according to one of
items 1 to 8, wherein
the analog semiconductor power switch comprises a bidi-
rectional triode thyristor.

25 10. The temperature controller module according to one of
items 1 to 9, wherein
the analog semiconductor power switch comprises a re-
verse blocking triode thyristor.

30 11. The temperature controller module according to one of

items 1 to 10, wherein



30an optical coupling device being actuated by the thresh- old detector, the threshold detector activates
the switch via the optical coupling device. 2MBN 029 PCT 121 88. The device according to item 87,
wherein the optiEall cOdplifg Hevice is energised by the threshold detector when the sensor measurement
value exceeds the sensor threshold value. 5 89. TH&’device according to item 87 or 88, wherein the
optical coupling device comprises_a phototriac. 90. The device according to item 87 or 88, wherein

10the optical couplingtievigd E6mpris®erd pRatstFansistor So T & HEHTY B¥ cdhifoliiig @temperature of

an injection-moulding inachine cthermeltiod that comprisesieasurementransferengresidmaterial from an

injection-15moulding, apparafus to a,mauld gssembly, ~ actuating a mould assembly heater by a mould
assembly temperature controller, transmitting mould assembly temperature controller status

information to an injection-moulding apparatus 20temperature controller, and actuating an

injection-rgoulding apparatus.peater byethesinjection-maridingapparatus temperatdee egntroller according

to the mould assembly temp(lerature %ontroller status information. 25 92. The method according to item 91,
. Item to 1 wherel . .

wherein the mould assemﬁly temperature Sontroller status information comprises a mould assembly

temperature sensor rieasarement valuecanad a meuid-assemply pres-deterntined :30temperature value.

13. The temperature controller module according to one of
10 items 1 to 11, wherein

the optical coupling device comprises a phototransistor.

14. A mould assembly comprising
a moulding cavity,
15 a supply nozzle for providing resin material to the
moulding cavity, and
a temperature controller device according to one of
items 1 to 13 mounted on the mould assembly, the temper-
ature controller device being provided for adjusting a

20 temperature of the supply nozzle.

15. An injection-moulding machine comprising
an injection-moulding apparatus and
a mould assembly of item 14, the mould assembly be-
25 ing provided for receiving resin material from the in-
jection-moulding apparatus and for shaping the resin ma-

terial.

16. A temperature controller module for an injection-
30 moulding machine, the temperature controller module com-
prising
a passive component network for providing a sensor

threshold signal and



93. The method according to item 92 or 93, wherein 2MBN 029 PCT 122 the injection-moulding
apparatus heater is energised when the mould assembly temperature sensor measurement value is less
than the mould¥88efbdy pfa-determined temperature value. 5 94. The method according to one of items
91 to 93, wherein the transmission of mould assefrthly temperature controller status information is
performed in a wireless manner. 10 95. A pressure controller valve module comprising a passive

component network for proditling @ ¥er¥ot thifdshotd Ve dnd: "Perein ot {sast Ohe Controller unit,

wherein the control-15der unit thatccgrmprses a sensor terminal for receiving a pressure measurement

value, an analog threshold adestgggo(fgr termina ,for ggc%ig@%%%%%s%remg%@%g avé’:ﬂ%% and 20the

pressure measurement value and for comparing the sensor threshold value with the pressure
measurement value, wherefttfiie Eéffpatison is done by an analog circuit, an optical coupling

device being actuated by then25analeg threshold detectos aopower supplyiterminalfar receiving a power
supply, a valve terminal for actua}i:[?g the valve, and tﬁlg a alci semicoridg%tgr&?gv%resnvyitch that

comprises 30a thyristor deviCe for pro%i&’lﬁﬁ an auto-trigger functior? iy Which
sor measurement signal, wherein the comparison is
done by an analog circuit,
- an optical coupling device being actuated by the
10 threshold detector,
- a power supply terminal for receiving an AC power
supply,
- a heater terminal for providing electrical energy
to a heater, and
15 - an analog semiconductor power switch that a thyris-
tor device for providing an auto-trigger function
in which
an electrical current flows from the power supply
terminal to the thyristor device wvia the optical
20 coupling device for triggering the thyristor device
when the optical coupling device is actuated,
wherein
the threshold detector comprises a sample and hold input

electrical circuit.

25
17. The temperature controller module according to item 16,
wherein
the passive component network comprises
- a power supply terminal for receiving a pre-
30 determined DC supply voltage,

- a machine mode selector switch with at least two

machine mode selector positions for selectively



an electrical current flows from the power supply terminal to the thyristor device via the optical 2MBN 029
PCT 123 coupling device for triggering the thyristor device when the optical coupling device is actuated.
96. The pressutéEdbritrdlietG/alve module according to Item 595, wherein the analog threshold detector
comprises a sample and hold Input electrical circdif®  97. The pressure controller valve module
according to Item 1095 or 96, wherein the analog threshold detector further comprises a hysteresis circuit.

98. The pressure controllerSHNE ffodifle e oPdiig o e bF 15fEME 95 td 97°Wherdinthe analog
threshold detector further comypriseswa voliage lcomparatiohe m&e Thespressuse controller valve module

according to one of 20Item 9%@&% a\/yh%%@ the ?Q&O&tl’g%%@gp detectar fuither comprises a resistor

network for converting an electrical current signal of an electrical current sensor to a voltage signal. 25
100. The pressure controllétd/ahve PoduiBactdrdifgid G offiers 95 ¥o 99! WHerdimlthe analog

threshold detector comprises arfl-up£iIrgHi. of the at least two variable machine
mode resistors to one of at least two material type
resistors, and
- an output terminal for providing a sensor threshold
signal, the output terminal being connected to the

10 material type resistors.

18. The temperature controller module according to item 16
or 17, wherein
the passive component network comprises a pull-down re-
15 sistor connecting to an electrical ground and to the

output terminal.

19. The temperature controller module according to one of

items 16 to 18, wherein

20 the threshold detector further comprises a hysteresis
circuit.
20. The temperature controller module according to one of

items 16 to 19, wherein

25 the threshold detector further comprises a voltage com-
parator.
21. The temperature controller module according to one of

items 16 to 20, wherein
30 the threshold detector further comprises a resistor net-
work for converting an electrical current signal of an

electrical current sensor to a voltage signal.



30 101. The pressure controller valve module according to Item 100, wherein the pull-up circuit comprises
a pull-up resistor. 2MBN 029 PCT 124 102. The pressure controller valve module according to item 101,
wherein the puMBp ciréit¥Gther comprises a capacitor connected in parallel to the pull-up resistor. 103.
The pressure controller valve module according té ®he of items 95 to 102, wherein the analog
semiconductor power switch comprises a bidirectional triode thyristor. 104. The pressure controller valve

module accordifg to Dhe T8RS I50° 168 \Wherdii thB4Hat6g 2eRMEOHadctor poierdwitch comprises a

reverse blocking triode: ¢hyrister. 15 205. The pressure controller valve module according to one of items

95 10 104, wherein . fhe apfical coupling.device s snsroised by I angloa tyeshold detector when the

sensor measurement value ex-20ceeds the sensor threshold value. 106. The pressure controller valve
module according to one of items 95 to 105, wherein the optical coupling device comprises a phototriac.

25 107. The pressuresenteliee valveaodyle-acaargding.teione of dtesrs 9540105, suherein the optical
coupling device comeliilseerse%Phototransistor.

the pull-up circuit comprises a pull-up resistor.

24. The temperature controller module according to item 23,
10 wherein
the pull-up circuit further comprises a capacitor con-

nected in parallel to the pull-up resistor.

25. The temperature controller module according to one of
15 items 16 to 24, wherein
the thyristor device comprises a bidirectional triode

thyristor.

26. The temperature controller module according to one of
20 items 16 to 25, wherein
the thyristor device comprises a reverse blocking triode

thyristor.

27. The temperature controller module according to one of
25 items 16 to 26, wherein
the optical coupling device is energised by the thresh-
0ld detector when the sensor measurement signal exceeds

the sensor threshold signal.

30 28. The temperature controller module according to one of
items 16 to 27, wherein

the optical coupling device comprises a phototriac.



30 108. A mould assembly comprising a movable die with a stationary die, the stationary die and the
movable die defining a moulding cavity when 2MBN 029 PCT 125 the stationary die and the movable die
are in a closed?&talte, 029 #Silipply nozzle for providing resin material to the moulding cavity, 5a moving
core for compressing the resin material within thelfddulding cavity, a moulding cavity pin provided in the
moulding cav- ity for receiving a pressure of the moulding cavity and a pressure controller device that

comprises 10-4 presSitife SEASSTTOF Yé€eiviythe mdtiIding TVt PressireSirbm Metndbiding cavity pin,
a hydraulic pump, a cybndertpiston arrangementconnecting to the hydraulic pump via a hydraulic line,

15wherein the cyIindgﬁ-Qis(g%te laégain%e(gngﬁti%prgg{'gecdefog o%%ﬂt;ré% aafovéﬁ%ggttpg oving core when the

cylinder-piston arrangement Is actuated by the hydraulic pump, erein the hydraulic line
comprises a valve 20for adjusting the force on the moving core,

5 30. A mould assembly comprising
a moulding cavity,
a supply nozzle for providing resin material to the
moulding cavity, and
a temperature controller device according to one of
10 items 16 to 29 mounted on the mould assembly, the tem-
perature controller device being provided for adjusting

a temperature of the supply nozzle.

31. An injection-moulding machine comprising
15 an injection-moulding apparatus and
a mould assembly of item 30, the mould assembly be-
ing provided for receiving resin material from the in-

jection-moulding apparatus and for shaping the resin ma-

terial.
20
32. A temperature controller module for an injection-
moulding machine, the temperature controller module com-
prising

a passive component network that comprises

25 - a power supply terminal for receiving a pre-
determined DC supply voltage,

- a material type selector switch with at least
two material type selector positions for se-
lectively connecting the pre-determined DC

30 supply voltage to one of at least two material

type components, and



and a pressure controller unit for actuating the valve according to the moulding cavity pressure. 25 109.
The mould assembly of item 108, wherein the moulding cavity pin comprises an ejector pin. 110. The
mould assemb¥/BliteAP168Br 109, wherein 30the moulding cavity pin extends from the mould cavity to
an ejector plate, the ejector plate being provided fof @&ctivating the moulding cavity pin such that moulding
2MBN 029 PCT 126 5 111. cavity pin removes a finished part of the moulding cavity from the moulding
cavity. The mould assembly of ong'of itErhE 1080 116, 'whereifl the predsurd EsitFdlfer unit comprises a
pressure controller valve module ateersling to oaewd iterhs 96utopul08&.erminal being

10

15

20

25

30

connected to the material type components, and

at least one analog controller unit, the analog

controller unit that comprises

wherein

a sensor terminal for receiving a sensor meas-
urement value,

a threshold detector for receiving the sensor
threshold value and the sensor measurement
value,

a power supply terminal for receiving a power
supply,

a heater terminal for providing electrical en-
ergy to a heater, and

a switch for providing the power supply from
the power supply terminal to the heater termi-
nal when the threshold detector activates the

switch,

values of the at least two material type components fol-

low a pre-determined ratio, the ratio being formed by at

least two numbers, the number being taken from one group

of a set of groups, the set comprises a first group, a

second group, a third group, a fourth group, and a fifth

group,

the first group comprises numbers ranging from [102 mi-

nus 10

(percent)] to [102 plus 10%],

the second group comprises numbers ranging from [118 mi-

nus 10%]

to [118 plus 10%],

the third group comprises numbers ranging from [137 mi-

nus 10%]

to [137 plus 10%],

the fourth group comprises numbers ranging from [169 mi-

nus 10%]

to [169 plus 10%], and



112. An injection-moulding machine comprising 10 an injection-moulding apparatus and
assembly according to item 108 mould assembly being provided for receiving rial from the
injection-mouldMghapiyatatiésting the resin material. to 111,the resin mate- and for shap- 15
injection-moulding machine comprising 109

10

15

20

25

30

33.

34.

35.

36.

the fifth group comprises numbers ranging from [196 mi-

nus 10%] to [196 plus 10%].

The temperature controller module according to item 32,
wherein

the material type components comprise a resistance tol-
erance value taken from a set of percents, the set com-

prises 1% (percent), 5% , and 10%.

The temperature controller module according to item 32

or 33, wherein

the passive component network further comprises

- a machine mode selector switch with at least two
machine mode selector positions for selectively
connecting the power supply terminal to one of at
least two variable machine mode components and

- the material type selector switch selectively con-
necting one of the at least two variable machine
mode components to one of the at least two material

type components.

The temperature controller module according to one of
items 32 to 34, wherein

the passive component network further comprises

a pull-down component connecting to an electrical ground

and to the output terminal.

The temperature controller module according to one of
items 32 to 35, wherein
the threshold detector comprises a sample and hold input

electrical circuit.

a mould

113. An



a mould assembly that comprises a temperature controller device and a wireless transmitter for sending
information 200f the temperature controller device, and a robotic arm unit for transferring at least one
finished part to*HBRast BvEBins, wherein the bin is selected according to the temperature controller
device information. 25 114. The injection-mouldingrfachine according to item 113, wherein the
temperature controller device information comprises a pre-determined sensor threshold value and a
sensor 30measdreméntvaiB 118 Armethod for assighing iisREG Parts st &7 infjB&ticH-moulding
machine to bins, the methed3hat conpriseise 2MBN 029 PCT 127 selecting a reject bin type when a
sensor measurementd{%lu@h%fetgﬁgggcg%é@%plgg oaching A%&ﬁ%@@t iror@ &%rge-ggtserm_lned sensor

threshold value. 5 116. An injection-moulding management system comprising an injection-moulding

machine with a displ&y 56ree, the display being provided for showing a sensor threshold value and a
sensor measurement value of the injection-moulding machine and 10a mobile computing device

38. The temperature controller module according to one of
items 32 to 37, wherein

the threshold detector further comprises a voltage com-

parator.
10
39. The temperature controller module according to one of
items 32 to 38, wherein
the threshold detector further comprises a resistor net-
work for converting an electrical current signal of an
15 electrical current sensor to a voltage signal.
40. The temperature controller module according to one of
items 32 to 39, wherein
the threshold detector comprises a pull-up circuit.
20
41. The temperature controller module according to item 40,
wherein
the pull-up circuit comprises a pull-up resistor.
25 42. The temperature controller module according to item 41,
wherein
the pull-up circuit further comprises a capacitor con-
nected in parallel to the pull-up resistor.
30 43. The temperature controller module according to one of

items 32 to 42, wherein

the switch comprises a bidirectional triode thyristor.



for receiving a status report, wherein the status report comprises the sensor threshold value and the
sensor measurement value and for transmitting the status report to a serv- 15er, wherein the server
generates an a¥RNSI4AgRRE status report. 117. The injection-moulding management system according
to item 116, wherein 20the mobile computing devicelcomprises a camera. Although the above description
contains much specificity, this should not be construed as limiting the scope of the embodiments but
merely providifg illustrtionS6Ithe foréseed: 5 bl enibudiments ©qdivaent Cirdifts of the electrical
circuits lllustrated in thesdesciption are pessibteiThe above stated features of the embodiments should
not be construed es;é@r%al w%%ﬁﬁ‘“é%%*}% scope of the embodiments éotggg@gr%%}gieg(plain possible
achievements if the described embodiments are put into practice. Thus, the scope of the embodiments
should be determined®¥-the claims and their equivalents, rather than by the examples given. 2MBN 029
PCT 128 REFERENCE NUMBERS 12voltage comparator 14inverting input pin 514" inverting input pin

45. The temperature controller module according to one of
items 32 to 44, wherein
the analog controller unit further comprises
an optical coupling device being actuated by the thresh-
10 old detector, the threshold detector activates the

switch via the optical coupling device.

46. The temperature controller module according to item 45,
wherein
15 the optical coupling device is energised by the thresh-

old detector when the sensor measurement value exceeds

the sensor threshold wvalue.

47. The temperature controller module according to item 45
20 or 46, wherein

the optical coupling device comprises a phototriac.

48. The temperature controller module according to item 45
or 46, wherein

25 the optical coupling device comprises a phototransistor.

49. A mould assembly comprising
a moulding cavity,
a supply nozzle for providing resin material to the
30 moulding cavity, and
a temperature controller device according to one of

items 32 to 48 mounted on the mould assembly, the tem-



16non-inverting input pin 16' non-inverting input pin 18output pin 20capacitor 1022resistor 23RC circuit
24Light Emitting Diode (LED) 25anode pin 26input pin 1527ground pin 28optocoupler 29cathode pin
30emitter outpeipith 828oMsctor output pin 2032gate pin 34Triode for Alternating Current (TRIAC) 36DC
source 37optocoupler 38optocoupler

perature controller device being provided for adjusting

a temperature of the supply nozzle.

50. An injection-moulding machine comprising
5 an injection-moulding apparatus and
a mould assembly of item 49, the mould assembly be-
ing provided for receiving resin material from the in-
jection-moulding apparatus and for shaping the resin ma-
terial.
10
51. A method of calibrating a temperature controller device
for an injection-moulding machine,
the method comprising
choosing a resin material type and a sensor type,
15 choosing a mode of the injection-moulding machine,
setting a material type selector switch of a pas-
sive component network according to the resin material
type,
setting a machine mode selector switch of the pas-
20 sive component network according to the mode of the in-
jection-moulding machine,
measuring a voltage of the passive component net-
work, and
adjusting a variable resistor of the passive compo-
25 nent network until the measured voltage essentially
reaches a value that is determined according to the cho-
sen resin material type, to the chosen sensor type, and

to the chosen mode of the mould injecting machine.

30 52. A temperature controller device for provision within a
manifold chamber assembly of an injection-moulding ma-
chine, temperature controller device comprising

a temperature controller module and



2539phototriac 40temperature-sensing device 44 46 46' 3048AC power supply 50heater 51diagrams
52TRIAC supply voltage 2MBN 029 PCT 129 54IC sensor 55centigrade temperature sensor 56voltage
step-down circeifE7tertpetature-sensor output node 558first resistor 59second resistor 60step down
output node 61thermocouple sensor 62DC power'scurce

a casing enclosing the temperature controller mod-
ule, the casing that comprises a first outer dimension
of less than or equal to 60 mm, a second outer dimension
of less than 100 mm and a third outer dimension of less

5 than or equal to 30 mm.

53. The temperature controller device according to item 52,
wherein
the casing comprises a rectangular shape.
10
54. The temperature controller device according to item 52
or 53, wherein
the temperature controller module comprises
- a passive component network that comprises an out-
15 put terminal, wherein the output terminal provides
a sensor threshold value and
- at least one controller unit, the controller unit
that comprises
- a sensor terminal for receiving a sensor meas-
20 urement value,

- a threshold detector for receiving the sensor
threshold value and the sensor measurement
value,

- a power supply terminal for receiving an AC

25 power supply,

- a heater terminal for providing electrical
power to a heater, and

- a switch for providing the AC power supply
from the AC power supply terminal to the heat-

30 er terminal when the threshold detector acti-

vates the switch.



1064resistive trimmer 65RID sensor 66resistive trimmer 68switch 70switch 1572resistor 74resistor
76resistor 78resistor 80resistor 2082plurality 84reference-voltage output pin 86end 87end 89node
2590end 91end'®B2hode 9Bhdde

10

15

20

25

30

55.

56.

57.

58.

114

The temperature controller device according to item 54,

wherein

the passive component network further comprises

- a power supply terminal for receiving a pre-
determined DC supply voltage,

- a machine mode selector switch with at least two
machine mode selector positions for selectively
connecting the power supply terminal to one of at
least two variable machine mode resistors, and

- a material type selector switch with at least two
material type selector positions for selectively
connecting one of the at least two variable machine
mode resistors to one of at least two material type
resistors,

wherein

the output terminal is connected to the material type

resistors.

The temperature controller device according to item 54
or 55, wherein

the passive component network further comprises a pull-
down resistor connecting to an electrical ground and to

the output terminal.

The temperature controller device according to one of
items 54 to 56, wherein
the threshold detector comprises a sample and hold input

electrical circuit.

The temperature controller device according to one of
items 54 to 57, wherein
the threshold detector further comprises a hysteresis

circuit.



95node 3097node 98node 99node 100 control circuit 2MBN 029 PCT 130 100’ control circuit 102 node
103 node 104 node 5200 reference voltage supply 300 temperature controller 400 injection-moulding
machine 410 mYaN idfectihlapparatus 413 mould assembly 10417 stationary mould 419 moveable
mould 115

59. The temperature controller device according to one of
items 54 to 57, wherein
the threshold detector further comprises a voltage com-

5 parator.

60. The temperature controller device according to one of
items 54 to 59, wherein
the threshold detector further comprises a resistor net-
10 work for converting an electrical current signal of an

electrical current sensor to a voltage signal.

61. The temperature controller device according to one of

items 54 to 60, wherein

15 the threshold detector comprises a pull-up circuit.
62. The temperature controller device according to item 61,
wherein

the pull-up circuit comprises a pull-up resistor.
20
63. The temperature controller device according to item 62,
wherein
the pull-up circuit further comprises a capacitor con-
nected in parallel to the pull-up resistor.
25
64. The temperature controller device according to one of
items 54 to 63, wherein

the switch comprises a bidirectional triode thyristor.

30 65. The temperature controller device according to one of
items 54 to 63, wherein
the switch comprises a reverse blocking triode thyris-

tor.



422 moving apparatus 425 nozzle 428 internal cavity 15430 screw mechanism 433 heater element 435
heater element 437 temperature sensor 439 temperature sensor 20442 wire 444 wire 446 wire 448 wire
500 control cirétfit’?5802 éleétrical current comparator 505 inverting input pin 506 non-inverting input pin
507 output pin 509 electrical current reference supply 30511 electrical current temperature-sensing
device 520 temperature control circuit 525 thyristor 527 anode terminal

66. The temperature controller device according to one of
items 54 to 65, wherein
the controller unit further comprises
5 an optical coupling device being actuated by the thresh-
0ld detector when the sensor measurement value exceeds
or is below the sensor threshold value, the threshold
detector activates the switch via the optical coupling
device.
10
67. The temperature controller device according to item 66,
wherein
the optical coupling device is energised by the thresh-
0ld detector when the sensor measurement value exceeds
15 the sensor threshold value, the threshold detector acti-

vates the switch via the optical coupling device.

68. The temperature controller device according to item 66
or 67, wherein

20 the optical coupling device comprises a phototriac.

69. The temperature controller device according to item 66
or 67, wherein
the optical coupling device comprises a phototransistor.
25
70. A mould assembly comprising
a back plate that comprises a receiving cavity for
receiving resin material,
a moulding plate that comprises at least one mould-
30 ing cavity for shaping the resin material,
a supply nozzle with a manifold assembly for
providing the resin material from the receiving cavity

to the moulding cavity, and



2MBN 029 PCT 131 528 cathode terminal 530 gate terminal 535 diagram 537 supply voltage 5550
injection-moulding machine 552 mould injection apparatus 553 mould assembly 559 manifold assembly
561 moulding phtel 105%2H6dck plate 564 insulator spacer 568 spacer block 569 space 577 cavity
nozzle 15578 stationary die 586 runner 590 casin’592 voltage comparator 594 first resistor 20596

second resistor 600 controller system , _ _
a teémperature controller unit for adjusting a tem-

perature of the supply nozzle,
wherein the back plate and the moulding plate are sepa-
rated by a distance,

5 wherein the back plate and the moulding plate define a
chamber for enclosing the manifold assembly and the tem-

perature controller device.

71. The mould assembly according to item 70, wherein
10 the temperature controller unit comprises a temperature

controller device according to one of items 52 to 69.

72. An injection-moulding machine comprising
an injection-moulding apparatus and
15 a mould assembly according to item 70 or 71, the
mould assembly being provided for receiving resin mate-
rial from the injection-moulding apparatus and for shap-

ing the resin material.

20 73. A device comprising
an injection-moulding apparatus that comprises
- a barrel for receiving resin material and for
melting the resin material and
- a barrel temperature controller device and
25 a mould assembly that comprises
- a moulding cavity,
- a supply nozzle for channelling the resin ma-
terial to the moulding cavity,
- a nozzle temperature controller device mounted
30 on the mould assembly, and
- a wireless transmitter for sending information

of the nozzle temperature controller device,



603 first control module 605 mould assembly 607 second control module 25609 injection-moulding
apparatus 610 reference voltage supply 612 nozzle control circuit 614 transmitter module 616 output
node 30618 firstput HodeC819 first input node 621 second input node 623 second input node 2MBN
029 PCT 132 625 output node 627 temperature-seh8ing device 629 output node 631 nozzle heater

module 5632 first ADC 634 second ADC 636 wireless transmitter device
wherein the injection-moulding apparatus further com-

prises a wireless receiver for receiving the nozzle tem-
perature controller device information,
wherein the nozzle temperature controller device is pro-
5 vided for adjusting a temperature of the supply nozzle,

and
wherein the barrel temperature controller is provided
for adjusting a temperature of the barrel according to
the nozzle temperature controller device information.

10

74. The device according to item 73, wherein

the wireless transmitter comprises an analog to digital
converter (ADC) for converting the nozzle temperature
controller device information into a digital format,

15 such that the wireless transmitter can send the digital-

ised information.

75. The device according to item 73 or 74, wherein
the nozzle temperature controller comprises
20 - a passive component network that comprises an out-
put terminal, wherein the output terminal provides
a sensor threshold value, and
- at least one controller unit, the controller unit
that comprises
25 - a sensor terminal for receiving a sensor meas-
urement wvalue,

- a threshold detector for receiving the sensor
threshold value and the sensor measurement
value,

30 - a power supply terminal for receiving electri-
cal power,

- a heater terminal for providing electrical

power to a heater, and



638 input port 640 input port 10 642 output port 644 output port 646 input port 648 output port 650
transmitter antenna 15655 receiver module 657 barrel heater controller 658 wireless receiver device 660
receiver antena¥BN 029682Tnput port 20665 output port 667 input port 668 line 669 output port 670 line
25671 barrel heater module 673 input port 674 robbfic arm controller 676 output port 677 temperature

graph 30678 mould assembly reference temperature line
a switch for providing the electrical power

from the AC power supply terminal to the heat-
er terminal when the threshold detector acti-

vates the switch.

76. The device according to item 75, wherein
the passive component network further comprises
- a power supply terminal for receiving a pre-
determined DC supply voltage,

10 - a machine mode selector switch with at least two
machine mode selector positions for selectively
connecting the power supply terminal to one of at
least two variable machine mode resistors, and

- a material type selector switch with at least two

15 material type selector positions for selectively
connecting one of the at least two variable machine
mode resistors to one of at least two material type
resistors, and wherein

the output terminal is connected to the material type

20 resistors.

77. The device according to item 75 or 76, wherein
the passive component network further comprises a pull-
down resistor connecting to an electrical ground and to

25 the output terminal.

78. The device according to one of items 75 to 77, wherein
the threshold detector comprises a sample and hold input
electrical circuit.

30

79. The device according to one of items 75 to 78, wherein

the threshold detector further comprises a hysteresis

circuit.
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80.

81.

82.

83.

84.

85.

86.

87.

The
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device according to one of items 75 to 79, wherein

the threshold detector further comprises a voltage com-
parator.
The device according to one of items 75 to 80, wherein

the

threshold detector further comprises a resistor net-

work for converting an electrical current signal of an

electrical current sensor to a voltage signal.

The
the

The
the

The
the

device according to one of items 75 to 81, wherein

threshold detector comprises a pull-up circuit.

device according to item 82, wherein

pull-up circuit comprises a pull-up resistor.

device according to item 83, wherein

pull-up circuit further comprises a capacitor con-

nected in parallel to the pull-up resistor.

The
the

The
the

tor.

The
the

device according to one of items 75 to 84, wherein

switch comprises a bidirectional triode thyristor.

device according to one of items 75 to 84, wherein

switch comprises a reverse blocking triode thyris-

device according to one of items 75 to 86, wherein

controller unit further comprises

an optical coupling device being actuated by the thresh-

old detector, the threshold detector activates the

switch via the optical coupling device.
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88.

89.

90.

91.

92.

93.
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The device according to item 87, wherein
the optical coupling device is energised by the thresh-
0ld detector when the sensor measurement value exceeds

the sensor threshold wvalue.

The device according to item 87 or 88, wherein

the optical coupling device comprises a phototriac.

The device according to item 87 or 88, wherein

the optical coupling device comprises a phototransistor.

A method of controlling a temperature of an injection-
moulding machine, the method that comprises

transferring resin material from an injection-
moulding apparatus to a mould assembly,

actuating a mould assembly heater by a mould assem-
bly temperature controller,

transmitting mould assembly temperature controller
status information to an injection-moulding apparatus
temperature controller, and

actuating an injection-moulding apparatus heater by
the injection-moulding apparatus temperature controller
according to the mould assembly temperature controller

status information.

The method according to item 91, wherein

the mould assembly temperature controller status infor-
mation comprises a mould assembly temperature sensor
measurement value and a mould assembly pre-determined

temperature value.

The method according to item 92 or 93, wherein
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the injection-moulding apparatus heater is energised
when the mould assembly temperature sensor measurement

value is less than the mould assembly pre-determined

temperature value.

94. The method according to one of items 91 to 93, wherein
the transmission of mould assembly temperature control-
ler status information is performed in a wireless man-
ner.

10
95. A pressure controller valve module comprising
a passive component network for providing a sensor
threshold value and
at least one controller unit, wherein the control-
15 ler unit that comprises
- a sensor terminal for receiving a pressure measure-
ment value,
- an analog threshold detector
- for receiving the sensor threshold value and
20 the pressure measurement value and
- for comparing the sensor threshold value with
the pressure measurement value, wherein the
comparison is done by an analog circuit,
- an optical coupling device being actuated by the
25 analog threshold detector,
- a power supply terminal for receiving a power sup-
ply,
- a valve terminal for actuating the valve, and
- an analog semiconductor power switch that comprises
30 a thyristor device for providing an auto-trigger
function in which
an electrical current flows from the power supply

terminal to the thyristor device via the optical
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coupling device for triggering the thyristor device

when the optical coupling device is actuated.

The pressure controller valve
95, wherein

the analog threshold detector

hold input electrical circuit.

The pressure controller valve
95 or 96, wherein
the analog threshold detector

resis circuit.

The pressure controller valve
items 95 to 97, wherein
the analog threshold detector

age comparator.

The pressure controller valve
items 95 to 98, wherein
the analog threshold detector

tor network for converting an

module according to item

comprises a sample and

module according to item

further comprises a hyste-

module according to one of

further comprises a volt-

module according to one of

further comprises a resis-

electrical current signal

of an electrical current sensor to a voltage signal.

The pressure controller valve
items 95 to 99, wherein
the analog threshold detector

cuit.

The pressure controller valve
100, wherein

the pull-up circuit comprises

module according to one of

comprises a pull-up cir-

module according to item

a pull-up resistor.
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102. The pressure controller valve module according to item
101, wherein
the pull-up circuit further comprises a capacitor con-

nected in parallel to the pull-up resistor.

5
103. The pressure controller valve module according to one of
items 95 to 102, wherein
the analog semiconductor power switch comprises a bidi-
rectional triode thyristor.
10
104. The pressure controller valve module according to one of
items 95 to 103, wherein
the analog semiconductor power switch comprises a re-
verse blocking triode thyristor.
15
105. The pressure controller valve module according to one of
items 95 to 104, wherein
the optical coupling device is energised by the analog
threshold detector when the sensor measurement value ex-
20 ceeds the sensor threshold value.
106. The pressure controller valve module according to one of
items 95 to 105, wherein
the optical coupling device comprises a phototriac.
25

107. The pressure controller valve module according to one of
items 95 to 105, wherein

the optical coupling device comprises a phototransistor.

30 108. A mould assembly comprising
a movable die with a stationary die, the stationary

die and the movable die defining a moulding cavity when
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the stationary die and the movable die are in a closed
state,

a supply nozzle for providing resin material to the
moulding cavity,

5 a moving core for compressing the resin material

within the moulding cavity,

a moulding cavity pin provided in the moulding cav-
ity for receiving a pressure of the moulding cavity and

a pressure controller device that comprises

10 - a pressure sensor for receiving the moulding

cavity pressure from the moulding cavity pin,
- a hydraulic pump,
- a cylinder-piston arrangement connecting to
the hydraulic pump via a hydraulic line,

15 wherein the cylinder-piston arrangement is
provided for asserting a force on the moving
core when the cylinder-piston arrangement is
actuated by the hydraulic pump,
wherein the hydraulic line comprises a valve

20 for adjusting the force on the moving core,
and

- a pressure controller unit for actuating the

valve according to the moulding cavity pres-

sure.
25
109. The mould assembly of item 108, wherein
the moulding cavity pin comprises an ejector pin.
110. The mould assembly of item 108 or 109, wherein
30 the moulding cavity pin extends from the mould cavity to

an ejector plate, the ejector plate being provided for

activating the moulding cavity pin such that moulding
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cavity pin removes a finished part of the moulding cavi-

ty from the moulding cavity.

111. The mould assembly of one of items 108 to 110, wherein
5 the pressure controller unit comprises a pressure con-
troller valve module according to one of items 96 to

108.

112. An injection-moulding machine comprising
10 an injection-moulding apparatus and
a mould assembly according to item 108 to 111, the
mould assembly being provided for receiving resin mate-
rial from the injection-moulding apparatus and for shap-
ing the resin material.
15
113. An injection-moulding machine comprising
a mould assembly that comprises
- a temperature controller device and
- a wireless transmitter for sending information
20 of the temperature controller device, and
a robotic arm unit for transferring at least one
finished part to at least two bins, wherein
the bin is selected according to the temperature con-
troller device information.
25
114. The injection-moulding machine according to item 113,
wherein
the temperature controller device information comprises
a pre-determined sensor threshold value and a sensor

30 measurement value.

115. A method for assigning finished parts of an injection-

moulding machine to bins, the method that comprises
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selecting a reject bin type when a sensor measure-
ment value of the injection-moulding machine is differ-

ent from a pre-determined sensor threshold value.

116. An injection-moulding management system comprising
an injection-moulding machine with a display
screen, the display being provided for showing a sensor
threshold value and a sensor measurement value of the
injection-moulding machine and
a mobile computing device
- for receiving a status report, wherein the
status report comprises the sensor threshold
value and the sensor measurement value and
- for transmitting the status report to a serv-
er, wherein the server generates an alert us-

ing the status report.

117. The injection-moulding management system according to
item 116, wherein

the mobile computing device comprises a camera.

Although the above description contains much specificity,
this should not be construed as limiting the scope of the em-
bodiments but merely providing illustrations of the foreseea-
ble embodiments. Equivalent circuits of the electrical cir-

cuits illustrated in the description are possible.

The above stated features of the embodiments should not be

construed especially as limiting the scope of the embodiments
but merely to explain possible achievements if the described
embodiments are put into practice. Thus, the scope of the em-
bodiments should be determined by the claims and their equiv-

alents, rather than by the examples given.
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REFERENCE NUMBERS

12 voltage comparator

14 inverting input pin
5 147 inverting input pin
16 non-inverting input pin

16’ non-inverting input pin
18 output pin
20 capacitor
10 22 resistor
23 RC circuit
24 Light Emitting Diode (LED)
25 anode pin
26 input pin
15 277 ground pin
28 optocoupler
29 cathode pin
30 emitter output pin
31 collector output pin
20 32 gate pin
34 Triode for Alternating Current (TRIAC)
36 DC source
37 optocoupler
38 optocoupler
25 39 phototriac
40 temperature-sensing device
44 Main Terminal One (MT1l) pin
46 Main Terminal Two (MTZ2) pin
46’ Main Terminal Two (MTZ2) pin
30 48 AC power supply
50 heater
51 diagrams

52 TRIAC supply voltage



847 central opening 5850 pressure controller 851 pressure valve controller 852 hydraulic line 853
hydraulic line 854 hydraulic line 10857 pressure sensor module 859 voltage step-down circuit 861 output
node 863 resistyBPB685ecHind resistor 15867 step-down output node 870 sensor unit 872 power unit 875
connection coaxial cable 877 piezoelectric elemeAt20879 amplifier device 881 MOSFET transistor 893
sensor unit electrical Sq4roun<%c895 capacitor 897 bias resistor 25899 bipolar transistor
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55
56
57
58
59
60
61
62
64
65
66
68
70
72
74
76
78
80
82
84
86
87
89
90
91
92
93
95
97
98
99
100

sensor
centigrade temperature sensor
voltage step-down circuit
temperature-sensor output node
first resistor

second resistor

step down output node
thermocouple sensor

DC power source

resistive trimmer

RTD sensor

resistive trimmer

switch

switch

resistor

resistor

resistor

resistor

resistor

plurality

reference-voltage output pin
end

end

node

end

end

node

node

node

node

node

node

control circuit
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1007
102
103
104
200
300
400
410
413
417
419
422
425
428
430
433
435
437
439
442
444
446
448
500
502
505
506
507
509
511
520
525
527

control circuit
node
node

node

reference voltage supply
temperature controller
injection-moulding machine

mould injection apparatus

mould assembly
stationary mould
moveable mould
moving apparatus
nozzle

internal cavity
screw mechanism
heater element
heater element
temperature sensor
temperature sensor
wire

wire

wire

wire

control circuit

electrical current comparator

inverting input pin

non-inverting input pin

output pin

electrical current reference supply

electrical current temperature-sensing device

temperature control circuit

thyristor

anode terminal
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528
530
535
537
550
552
553
559
561
562
564
568
569
577
578
586
590
592
594
596
600
603
605
607
609
610
612
614
616
618
619
621
623
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cathode terminal

gate terminal

diagram

supply voltage
injection-moulding machine
mould injection apparatus
mould assembly

manifold assembly
moulding plate

back plate

insulator spacer

spacer block

space

cavity nozzle

stationary die

runner

casing

voltage comparator

first resistor

second resistor
controller system

first control module
mould assembly

second control module
injection-moulding apparatus
reference voltage supply
nozzle control circuit
transmitter module
output node

first input node

first input node

second input node

second input node

965 hydraulic pump 5 968 oil reservoir
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625
627
629
631
632
634
636
638
640
642
644
646
648
650
655
657
658
660
662
665
667
668
669
670
671
673
674
676
677
678
679
680
681

PCT
132

output node
temperature-sensing device
output node

nozzle heater module
first ADC

second ADC

wireless transmitter device
input port

input port

output port

output port

input port

output port

transmitter antenna
receiver module

barrel heater controller
wireless receiver device
receilver antenna

input port

output port

input port

line

output port

line

barrel heater module
input port

robotic arm controller
output port

temperature graph

mould assembly reference temperature line

mould assembly temperature line

985 mobile phone 10

mould assembly temperature upper control line

mould assembly temperature lower control line
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adjustable reference temperature line

injection-moulding apparatus
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flow chart

step

step

step

step

step

step
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non-inverting input node
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output node

first resistor

first input pin

second resistor

second input pin
comparator device
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sample and hold module
sample and hold module

first capacitor

temperature line

temperature upper con-

temperature lower con-
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at least one controller unit, wherein the controller unit comprises 10-a sensor terminal for receiving a
sensor measure- ment signal, an analog threshold detector for receiving and for comparing the sensor
threshold signaMand 87 seASor measurement signal, wherein the comparison is 15done by an analog
circuit, an optical coupling device being actuatedbi/the threshold detector, a power supply terminal for
receiving an AC power supply, 20-a heater terminal for providing electrical energy to a heater, and an
analog semiconductorpowér $iitcR ¥t thyristor device for providing an auto-trigger function in which
25an electrical currestoftows firpsn the pawerisuipply tervhinaéto the thyristor device via the optical coupling

device for triggering %thyﬂggqradel\gﬁ% Me#tzaepggg;%%lucsoupling device is actuated, wherein 30the
threshold detector comprises a sample and hold input electrical circuit. 2MBN 029 PCT 138 2.The

temperature controllérlmod@ieadesieiivg 1o claim 1,
5 813 stationary die

814 movable die
815 cavity plate
816 cavity
817 channel
10 818 moving core
819 moving apparatus
820 core plate
821 outlet
822 wedge
15 823 1lifting block
824 ejector pin
825 hydraulic piston
826 runner insert
827 1inclined surface
20 828 clamping plate
829 1inclined surface
830 1injection head insert
831 piston rod
832 runner
25 833 Dbed
834 pressure sensor
836 intermediary plate
835 moulding cavity ejector pin
837 proportional valve
30 838 base clamp plate
839 knee lever mechanism
840 support ring
841 hydraulic piston



wherein the passive component network comprises a power supply terminal for receiving a
pre-5determined DC supply voltage, a machine mode selector switch with at least two machine mode
selector positiGh&Torisele&tively connecting the power supply terminal to one of at least two variable
machine mode resistors, 10-a material type selectot>switch with at least two material type selector
positions for seIectiveIX connecting one of the at least two variable machine mode resistors to one of at
least two material type fesistorS i 1574 bbifpdt t8ffinal for providing a sensor threshold signal, the
output terminal beingdeannectediodhe«materiat type resistors. 3.The temperature controller module
according to claim 1,.20wherein the p gw§n%omponent network comprises a pull-down resistor
connecting to an electrical ground and to the output terminal. 25 4.The temperature controller module
according to claim 1,84Hereif e reshdld86tector further comprises a hysteresis circuit. 30 5.The
temperatuse controlleysmodple-acearding ta el@imel, wherein the threshold detector further comprises a

voltage comparator.
9 P 851 pressure valve controller

852 hydraulic line
853 hydraulic line
854 hydraulic line
10 857 pressure sensor module
859 wvoltage step-down circuit
861 output node
863 resistor
865 second resistor
15 867 step-down output node
870 sensor unit
872 power unit
875 connection coaxial cable
877 piezoelectric element
20 879 amplifier device
881 MOSFET transistor
893 sensor unit electrical ground
895 capacitor
897 Dbias resistor
25 899 Dbipolar transistor
900 DC voltage source
903 current regulation diode
905 coupling capacitor
906 amplifier device electrical ground
30 907 output coaxial cable
909 pull-down resistor
912 monitoring voltage meter

950 injection-moulding machine



2MBN 029 PCT 139 6.The temperature controller module according to claim 1, wherein  the threshold
detector further comprises a resistor net- 5work for converting an electrical current signal of an electrical
current sensorddEalvekag&Signal. 7The temperature controller module according to claim 1, wherein
10the threshold detector comprises a pull-up circdie 8. The temperature controller module according to
claim 7, wherein the %lélll-up circuit comprises a pull-up resistor. 9. The temperature controller module
according to claim 8, Wheréi T PUf-uis BifEdit further comprises a capacitor connected in parallel to the
pull-up resistor. 10. T4e7températateicontrober module according to claim 1, wherein the thyristor device
comprises a bidirectigngl tr'kgg thyristar, 11. The temperature controller module according to claim 1,
wherein

965 hydraulic pump

5 968 o0il reservoir

980 management system

982 injection-moulding machine

983 display terminal

985 mobile phone

10 986 server
R1 resistor
R2 resistor

R3 resistor



the thyristor device comprises a reverse blocking triode thyristor. 2MBN 029 PCT 140 the optical
coupling device is energised by the threshold detector when the sensor measurement signal exceeds the
sensor threshalfBsigal 2583 The temperature controller module according to claim 1, wherein the optical
coupling device comprises a phototriac. 14. Thé temperature controller module according to claim 1,
10wherein the optical coupling device comprises a phototransistor. 15. A mould assembly comprising
a moulding ca\gi{% supply nozzle for providing resin material to the moulding cavity, and a
temperature controller device according to claim 1 mounted on the mould assembly, the temperature

controller devige being 95%%%@4%" gdj{gg}lgg Oaﬁeégp%roqi@lowrﬁ%gf the §H|9@Igﬂ%gle 16. An

injection-moulding machine comprising an injection-moulding apparatus and a mould assembly of claim
15, the mould assenibi2815Eingprbvided bR fedEiviPRIRSHT hateRaFRéAPtheRfectioreaibulding
apparatussand for shgping the resin material.

a passive component network for providing a sensor
threshold signal and
at least one controller unit, wherein the control-
ler unit comprises
10 - a sensor terminal for receiving a sensor measure-
ment signal,

- an analog threshold detector for receiving and for
comparing the sensor threshold signal and the sen-
sor measurement signal, wherein the comparison is

15 done by an analog circuit,

- an optical coupling device being actuated by the
threshold detector,

- a power supply terminal for receiving an AC power
supply,

20 - a heater terminal for providing electrical energy
to a heater, and

- an analog semiconductor power switch that a thyris-
tor device for providing an auto-trigger function
in which

25 an electrical current flows from the power supply
terminal to the thyristor device via the optical
coupling device for triggering the thyristor device
when the optical coupling device is actuated,

wherein

30 the threshold detector comprises a sample and hold input

electrical circuit.



17. A temperature controller module for an injection-30moulding machine, the temperature controller
module com- prising a passive component network that comprises 2MBN 029 PCT 141 a power supply
terminal for re€&i®img’a prédetermined DC supply voltage, a material type selector switch with at least
two material type selector positions for se- 5lectivéfconnecting the pre-determined DC supply voltage to
one of at least two material type components, and_an output terminal for providing a sensor threshold

value, the output termitial beRS 10E8Rfe oY O theThatist il t5pé ConfisonhtsCafd At Tedst one analog

controller unit, the anaileg eontroller unit that comprises a sensor terminal for receiving a sensor

measurement value,t'lée-aggrsessﬁ%d ggr%%%tgreg rlggg%@gw&%rﬁgﬁgregwreshold value and the sensor
measurement value, a power supply terminal for receiving a power supply,
- a power supply terminal for receiving a pre-

5 determined DC supply voltage,

- a machine mode selector switch with at least two
machine mode selector positions for selectively
connecting the power supply terminal to one of at
least two variable machine mode resistors,

10 - a material type selector switch with at least two
material type selector positions for selectively
connecting one of the at least two variable machine
mode resistors to one of at least two material type
resistors, and

15 - an output terminal for providing a sensor threshold
signal, the output terminal being connected to the

material type resistors.

3. The temperature controller module according to claim 1,
20 wherein
the passive component network comprises a pull-down re-
sistor connecting to an electrical ground and to the

output terminal.

25 4. The temperature controller module according to claim 1,
wherein
the threshold detector further comprises a hysteresis

circuit.

30 5. The temperature controller module according to claim 1,
wherein
the threshold detector further comprises a voltage com-

parator.



20-a heater terminal for providing electrical en- ergy to a heater, and a switch for providing the power
supply from the power supply terminal to the heater terminal when the threshold detector activates the
25switch, wherdiRNaliés B€the at least two material type components fol- low a pre-determined ratio, the
ratio being formed by at least two numbers, the ndifber being taken from one group 300of a set of groups,
the set comprises a first group, a second group, a third group, a fourth group, and a fifth group, 2MBN
029 PCT 142 the first group comprises numbers ranging from [102 minus 10 % (percent)] to [102 plus
10%)], the secand graue comprisestnurmbersiranging fromdhl8 minus:Hi%ta 118 plus 10%], Sthe third
group comprises numbers ranging from [137 mi- nus 10%] to [137 plus 10%)], the fourth group comprises

numbers ranging from [169 minus 10%] to [169 plus 10%], and the fifth group comprises numbers
rangmgfnnn[196rn¢he threshold detector further comprises a resistor net-

5 work for converting an electrical current signal of an

electrical current sensor to a voltage signal.

7 The temperature controller module according to claim 1,
wherein
10 the threshold detector comprises a pull-up circuit.
8. The temperature controller module according to claim 7,
wherein

the pull-up circuit comprises a pull-up resistor.
15
9. The temperature controller module according to claim 8,
wherein
the pull-up circuit further comprises a capacitor con-
nected in parallel to the pull-up resistor.
20
10. The temperature controller module according to claim 1,
wherein
the thyristor device comprises a bidirectional triode
thyristor.
25
11. The temperature controller module according to claim 1,
wherein
the thyristor device comprises a reverse blocking triode
thyristor.
30
12. The temperature controller module according to claim 1,

wherein



10nus 10%] to [196 plus 10%]. 18. A method of calibrating a temperature controller device for an
injection-moulding machine, the method comprising 15choosing a resin material type and a sensor type,
choosing a motéadf thedinjiction-moulding machine, setting a material type selector switch of a
passive component network according to the resih ‘iaterial type, 20setting a machine mode selector
switch of the pas- sive component network according to the mode of the injection-moulding machine,

measuring a voltage of thé PasERE SoHBOnBAL ASKTGTK, ARd25Hd]usTy BXvardbi& tesistor of the passive
compo- nent networlountildbeaneasuredcvioltage essentialiyereachessa vakussthal is deterazined according

to the chosen resin material type, t%l}gé:pgfgnssleﬁg type, and to the chosen mode of the mould
injecting machine. 30 19. A temperature controlier device for provision within a manifold chamber

assembly of an injection-moulding machine, temperature controller device comprising 2MBN 029 PCT

143 a temperature camolienpeddie,and conta saskg epelosingthetemperatyre-gantrolier module, the
casing that comprises._a first outer dimension of less than or equal to 60 mm, a second outer dimension

50f less than 100 mm and a third outer dimension of less
the optical coupling device comprises a phototriac.

14. The temperature controller module according to claim 1,
10 wherein

the optical coupling device comprises a phototransistor.

15. A mould assembly comprising
a moulding cavity,
15 a supply nozzle for providing resin material to the
moulding cavity, and
a temperature controller device according to claim
1 mounted on the mould assembly, the temperature con-
troller device being provided for adjusting a tempera-

20 ture of the supply nozzle.

16. An injection-moulding machine comprising
an injection-moulding apparatus and
a mould assembly of claim 15, the mould assembly
25 being provided for receiving resin material from the in-
jection-moulding apparatus and for shaping the resin ma-

terial.

17. A temperature controller module for an injection-
30 moulding machine, the temperature controller module com-
prising

a passive component network that comprises



than or equal to 30 mm. 20. A mould assembly comprising a back plate that comprises a
receiving cavity for 10receiving resin material, a moulding plate that comprises at least one moulding
cavity for shapi@pthe résiR¢iaterial, a supply nozzle with a manifold assembly for providing the
resin material from the receiving cavity 15to the midulding cavity, and a temperature controller unit for
adjusting a temperature of the supply nozzle, wherein the back plate and the moulding plate are

separated by a distance, 20wherein tH& BacR Biate’and THe Mdulbily pRits Hefing & cRamber for enclosing
the manifold assembly and the teryesature contollenpievicer 21t Agdevice comprising 25an

injection-moulding apparatus that comprises @ tg%rgl forreceiving resin,material and,for melting the resin
, i | :

material and a barrel temperature controller device and a mould assembly that comprises 30a moulding
cavity, a supply nozzle for channéHifigithégesm materals®ithe houRkihg eavity, DMBR29 PCT

5 lectively connecting the pre-determined DC
supply voltage to one of at least two material
type components, and

- an output terminal for providing a sensor
threshold value, the output terminal being

10 connected to the material type components, and

at least one analog controller unit, the analog
controller unit that comprises
- a sensor terminal for receiving a sensor meas-—
urement wvalue,

15 - a threshold detector for receiving the sensor
threshold value and the sensor measurement
value,

- a power supply terminal for receiving a power
supply,

20 - a heater terminal for providing electrical en-
ergy to a heater, and

- a switch for providing the power supply from
the power supply terminal to the heater termi-
nal when the threshold detector activates the

25 switch,

wherein

values of the at least two material type components fol-
low a pre-determined ratio, the ratio being formed by at
least two numbers, the number being taken from one group

30 of a set of groups, the set comprises a first group, a

second group, a third group, a fourth group, and a fifth

group,



144 a nozzle temperature controller device mounted on the mould assembly, and a wireless transmitter
for sending information of the nozzle temperature controller device, Swherein the injection-moulding
apparatus furtRéBeorm2 prise€s a wireless receiver for receiving the nozzle temperature controller device
information, wherein the nozzle temperature cohiroller device is provided for adjusting a temperature
of the supply nozzle, 10and wherein the barrel temperature controller js provided for adjusting a

temperature of the baftél ¢csTHindg B he RBRZIL I FRRRIFE L IrtrsIier HeWicEinfdfnation. 15 22. A
method of controllingna tempetatuse of antinjectionfmarilgingsmachking, the method that comprises

transferring resin material from an @%%Oné quiggsa%%{?&%tofg 9}{!9 ﬁ%‘%{n?%g mi-

actuating a mould assembly heater by a mould assem- 20bly temperature controller, transmitting
mould assembly tempefathife Eohfrollér Statds infFmation to an injection-moulding apparatus temperature

controller,;and actuating afrinjectipRomeulding appasatusibeater byn25the injegtionimoulding apparatus
temperature controller accod'gl' g to the r:pouid assem ly temperature controller status information. 23. A
s 1 aI['EII 13.7. %

nu £o l? ga .
pressure controller valve module comprising 30a passive component network for providing a sensor

the fourth group comprises numbers ranging from [169 mi-
nus 10%] to [169 plus 10%], and
the fifth group comprises numbers ranging from [196 mi-

10 nus 10%] to [196 plus 10%].

18. A method of calibrating a temperature controller device
for an injection-moulding machine,
the method comprising
15 choosing a resin material type and a sensor type,
choosing a mode of the injection-moulding machine,
setting a material type selector switch of a pas-
sive component network according to the resin material
type,

20 setting a machine mode selector switch of the pas-
sive component network according to the mode of the in-
jection-moulding machine,

measuring a voltage of the passive component net-
work, and

25 adjusting a variable resistor of the passive compo-
nent network until the measured voltage essentially
reaches a value that is determined according to the cho-
sen resin material type, to the chosen sensor type, and
to the chosen mode of the mould injecting machine.

30

19. A temperature controller device for provision within a
manifold chamber assembly of an injection-moulding ma-

chine, temperature controller device comprising



threshold value and at least one controller unit, wherein the controller unit that comprises 2MBN 029
PCT 145 a sensor terminal for receiving a pressure measurement value, an analog threshold detector
for receiving th88&n$arthvéShold value and 5the pressure measurement value and for comparing the
sensor threshold value with the pressure measuréifiént value, wherein the comparison is done by an
analog circuit, an optical coupling device being actuated by the 10analog threshold detector, a power

supply terminal for receiving a-FOWeF SLPT Ply- & VaR/E ErmfiRAbT atidhting the valve, and  an analog
semiconductor power switch that campsisesdssan thyristortdeyiee fonprovidimgrar astorigger function in

Which an ele_ctrical Clﬁl’{%l”]t. q%\%]s é[aog’g ﬁ%e Power supply é%rénigaﬁc}g]ce QIY*{E'EO&Q%\QQS ivg')% the optical
coupling device for triggering the thyristor device 20when the optical coupling device Is actuated.
of less than or equal to 60 mm, a second outer dimension
5 of less than 100 mm and a third outer dimension of less

than or equal to 30 mm.

20. A mould assembly comprising
a back plate that comprises a receiving cavity for
10 receiving resin material,
a moulding plate that comprises at least one mould-
ing cavity for shaping the resin material,
a supply nozzle with a manifold assembly for
providing the resin material from the receiving cavity
15 to the moulding cavity, and
a temperature controller unit for adjusting a tem-
perature of the supply nozzle,
wherein the back plate and the moulding plate are sepa-
rated by a distance,
20 wherein the back plate and the moulding plate define a
chamber for enclosing the manifold assembly and the tem-

perature controller device.

21. A device comprising

25 an injection-moulding apparatus that comprises

- a barrel for receiving resin material and for
melting the resin material and

- a barrel temperature controller device and
a mould assembly that comprises

30 - a moulding cavity,
- a supply nozzle for channelling the resin ma-

terial to the moulding cavity,



24. A mould assembly comprising a movable die with a stationary die, the stationary die and the
movable die defining a moulding cavity when 25the stationary die and the movable die are in a closed
state, a sUPBY ndz21eFfoF providing resin material to the moulding cavity, a moving core
for compressing the resin material 30within the méfifding cavity, a moulding cavity pin provided in the
moulding cavity for receiving a pressure of the moulding cavity and a pressure controller device that

comprises 2MBN 029 PCT 146 & prégure Sesdt 16 feceiving the maaldiiy tadit] préssifte from the
moulding cavity pin, a hydraulic pumphea eylinderpistantaryangement connecting to 5the hydraulic pump

via a hydraulic line, wherein the cylinder-piston arrangement is P(ggvig%g Jor gs%q}mn%{qr&g on the
: . b .

moving core when the cylinder-piston arrangement is actuated by the hydradlic pump, 10wherein the
hydraulic line comprises a valve f6fadjisting theJofcE"8R thé McviRgtorelard deva pressure controller

unit for actuating theviadve-agcanging 10 the mouldingicavity pi8Saratus further com-
prises a wireless receiver for receiving the nozzle tem-
perature controller device information,
wherein the nozzle temperature controller device is pro-
vided for adjusting a temperature of the supply nozzle,

10 and

wherein the barrel temperature controller is provided
for adjusting a temperature of the barrel according to

the nozzle temperature controller device information.

15 22. A method of controlling a temperature of an injection-
moulding machine, the method that comprises
transferring resin material from an injection-
moulding apparatus to a mould assembly,
actuating a mould assembly heater by a mould assem-
20 bly temperature controller,
transmitting mould assembly temperature controller
status information to an injection-moulding apparatus
temperature controller, and
actuating an injection-moulding apparatus heater by
25 the injection-moulding apparatus temperature controller
according to the mould assembly temperature controller

status information.

23. A pressure controller valve module comprising
30 a passive component network for providing a sensor
threshold value and
at least one controller unit, wherein the control-

ler unit that comprises



15sure. 25. An injection-moulding machine comprising a mould assembly that comprises a temperature
controller device and 20-a wireless transmitter for sending information of the temperature controller
device, and 2M&N¥oBétic BEH unit for transferring at least one finished part to at least two bins, wherein
the bin is selected according to the temperature cobfi? 25troller device information. 26. A method for
assigning finished parts of an injection- moulding machine to bins, the method that comprises

selecting a reject bin type Whéit AE&nsof Hedédret 3omé&TtvValue Drin8 TfettsR-Meariitg machine is
differ- ent from a pre-determined senser,threshold value. 2MBN 029 PCT 147 an injection-moulding

machine with a display scregn, tggpggp[gxpeegg proyjded for showing a sensor threshold value and a

sensor measurement value of the injection-moulding machine and 5a mobile computing device
- for receiving the sensor threshold value and

5 the pressure measurement value and
- for comparing the sensor threshold value with
the pressure measurement value, wherein the
comparison is done by an analog circuit,
- an optical coupling device being actuated by the
10 analog threshold detector,
- a power supply terminal for receiving a power sup-
ply,
- a valve terminal for actuating the wvalve, and
- an analog semiconductor power switch that comprises
15 a thyristor device for providing an auto-trigger
function in which
an electrical current flows from the power supply
terminal to the thyristor device wvia the optical
coupling device for triggering the thyristor device

20 when the optical coupling device is actuated.

24. A mould assembly comprising
a movable die with a stationary die, the stationary
die and the movable die defining a moulding cavity when
25 the stationary die and the movable die are in a closed
state,
a supply nozzle for providing resin material to the
moulding cavity,
a moving core for compressing the resin material
30 within the moulding cavity,
a moulding cavity pin provided in the moulding cav-
ity for receiving a pressure of the moulding cavity and

a pressure controller device that comprises



for receiving a status report, wherein the status report comprises the sensor threshold value and the
sensor measurement value and for transmitting the status report to a serv- 10er, wherein the server
generates an a¥RANISI4AgRRE status report. 2MBN 029 PCT 148 ABSTRACT MICRO-TEMPERATURE
CONTROLLER 5 The application provides a température controller module for an injection-moulding
machine. The temperature controller module comprises a resistor network and at least one analog
controller device. The resistor netidrk SORITse¥ A PoverBuppty termingl, @ mdthité Msde selector
switch with at least 10 two machinexmiade selestarpositions,tanmateriabtype selectoy switch with at least
two material type selector ppsitio%s,@(gr%ﬁ ﬂj&pl&ﬁ%@winal. The output terminal is connected to the
material type resistors. The analog controller device comprises a sensor terminal, a threshold detector, an
optical 15 coupling device, an ACHcwer sgsplyReéfhittal 2& heatemerihiraafd @manaf®g semiconductor

power switch. The threshold deteetios comprisesi a samip/e-and Rolginput electrigalsircuit. 20(Fig. 1)

wherein the cylinder-piston arrangement is
provided for asserting a force on the moving
core when the cylinder-piston arrangement is
actuated by the hydraulic pump,

10 wherein the hydraulic line comprises a valve
for adjusting the force on the moving core,
and

- a pressure controller unit for actuating the

valve according to the moulding cavity pres-

15 sure.

25. An injection-moulding machine comprising
a mould assembly that comprises
- a temperature controller device and
20 - a wireless transmitter for sending information
of the temperature controller device, and

a robotic arm unit for transferring at least one

finished part to at least two bins, wherein

the bin is selected according to the temperature con-

25 troller device information.

26. A method for assigning finished parts of an injection-
moulding machine to bins, the method that comprises

selecting a reject bin type when a sensor measure-

30 ment value of the injection-moulding machine is differ-

ent from a pre-determined sensor threshold value.

27. An injection-moulding management system comprising



10

2MBN 029 PCT
147
an injection-moulding machine with a display
screen, the display being provided for showing a sensor
threshold value and a sensor measurement value of the
injection-moulding machine and
a mobile computing device
- for receiving a status report, wherein the
status report comprises the sensor threshold
value and the sensor measurement value and
- for transmitting the status report to a serv-
er, wherein the server generates an alert us-

ing the status report.
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148

ABSTRACT

MICRO-TEMPERATURE CONTROLLER

The application provides a temperature controller module for
an injection-moulding machine. The temperature controller
module comprises a resistor network and at least one analog
controller device. The resistor network comprises a power
supply terminal, a machine mode selector switch with at least
two machine mode selector positions, a material type selector
switch with at least two material type selector positions,
and an output terminal. The output terminal is connected to
the material type resistors. The analog controller device
comprises a sensor terminal, a threshold detector, an optical
coupling device, an AC power supply terminal, a heater termi-
nal, and an analog semiconductor power switch. The threshold
detector comprises a sample and hold input electrical cir-

cuit.

(Fig. 1)



