M cro Tenperature Controller Field of Invention The invention relates to a
tenperature controller suitable for nmounting on an injection tool and a
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controller for providing a ref erence terrperature signal of a tenperature
control process in an inj ECtMcj t_l_o g’ IPOd of use thereof.
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In the prior art, the temperature of the plastics material in the injection tool are controlled
using commercially available external temperature controllers that are located away from the
injection tool. These external temperature controllers are connected to temperature sensing
devices such as thermocouples and temperature control devices such as heaters sited within
the injection tool via signal cables.

In the operation of the external temperature controller, it was found that the external
temperature controller may not accurately reflect the actual temperature of the molten plastics
material in the injection tool. In some tests conducted by connecting two external temperature
controllers of the same make to the same injection tool, it was found that the two external
temperature controllers often provide different temperature readings despite similar settings.
Further, a change in the location of the external temperature controller affecting the length or
position of the signal cables may result in a different reading for the same temperature of the
molten plastics material in the injection tool.



The above probl ens are exacerbated where there is a need to heat and
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conponents in place of the higher power conponents that are used in other
control circuits of the prior art. This enables the tenperature controller
to be subSYRA®MAI Iy smaller than the external tenperature controllers of
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mol di ng nﬁ?@rﬁ&?atbr% C8R%i|(g’th%\(ljlhg %%&aﬁdr@g éf% i%epgﬁoaem {8Rs offer several technical
advantages over the temperature controllers in the prior art. One such advantage is that the
use of an opto-coupler 28 and a solid-state switching device 34 in circuit 100, replacing
commonly-used relay and transformer circuits found in other control circuits of the prior art
enables the control circuit 100 to use lower power consumption components in place of the
higher power components that are used in other control circuits of the prior art. This enables
the temperature controller to be substantially smaller than the external temperature controllers
of the prior art and facilitates mounting of the temperature controller directly on an injection
tool.

Further, by mounting the temperature controller directly on the injection tool, the problem of
inaccuracies and slow response time arising from signal losses along long signal cables
connecting the prior art external temperature controllers and the injection molding machine is
obviated.

Description of Drawings

The invention will now be described, by way of example only, and with reference to the
accompanying drawings in which:

Fig. 1 is a control circuit diagram of an improved tool controller.



The invention will now be described, by way of exanple only, and with
reference to the acconpanying drawings in which: Fig. 1is a control
circuit dvegoamssiz4an i nproved tool controller. Fi g. PcirraBznio/esserence
tenperature selection circuit of an inproved tool controller. Fig 3 is a
circuit diagramof an inproved tool controller incorporating two control
circuits and a reference tenperature selection circuit, Detailed

Descri pti big. 2is a reference temperature selection circuit of an improved tool controller.

Fig 3 is a circuit diagram of an improved tool controller incorporating two control circuits and a
reference temperature selection circuit,

Detailed Description

Referring first to figure 1, numeral 100 generally designates a control circuit of the

temperature controller.

Circuit 100 includes a comparator for comparing a reference temperature signal with a
sensed temperature signal from the injection tool. Circuit 100 also includes an opto-coupler
coupled to the output of the comparator; and a solid-state switching device for switching a
power supply to a heater of the injection tool. The solid state switching device receives an
activation signal from the opto-coupler which in turn, is responsive to a change of state of an
output of the comparator

Comparator 12 compares between a first input 14 representing a sensed temperature value
from a temperature sensing device such as a thermocouple located within the injection tool
(not shown) and a second input 16 representing a pre-determined reference temperature. In
one disclosed technique, the reference temperature is pre-determined utilising a reference
temperature selection circuit that will be described in greater detail below. The output 18 of
the comparator 12 is connected to a DG power source through a resistive-capacitive (R-C)
circuit and to the opto-coupler. In the example of Figure 1, the output 18 of the comparator is
connected in series to the R-C circuit comprising capacitor 20 and resistor 22 connected in
parallel which, in turn, is connected in series to a DC power source 36. The output of the
comparator 12 is further connected in series to an optional light emitting diode 24 for
providing a visual reference to a user and to the input 26 of an opto-coupler 28 for isolating
the circuit and converting the DC input to an amplified AC output 30. The AC output 30 of the
opto-coupler is further connected in series to the gate input 32 of a solid-state switching
device 34 for switching a power supply (not shown) to a heater of the injection tool (also not
shown). In the example of figure 1, solid-state switching device 34 is a Triac, but it will be
appreciated that other types of solid-state switching devices may also be provided, and these
may be selected for operation dependent upon the nature of the heater power supply.

The comparator 12 performs a check between the sensed temperature value provided to the
first input 14 and the reference temperature value provided to the second input 16. When the
plastics material in the injection tool have not been heated up, the temperature sensing
device (not shown) provides a sensed temperature value to the first input 14 that is lower than
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As shown in figure 2, nuneral 200 generically designates a tenperature
controller for providing a reference tenperature signal of a tenperature
control pwocesi®ss334an i njection tool. The tenperature ceornBidi@psshzas a
reference tenperature selection circuit for a user to select between first
and second reference tegperatu E a rcy it 200 | glude g D% power source
62 is conlfERYEd 'S FHPALS T IR F?eéta"’t”Pr MgeT 9L C10Fs RNUREEPY 16 g 8t the
first ref extengéentmngper abrurterapicnanjseiconaeb! tsobviaed. 66 for the user to sel ect
the second reference tenperature. Crcuit 200 includes a first selection
switch for 68 for switching between the first and second trimers. In the
exanpl e of's ENg & 59Ut e ri“%reéaﬂ 23R Pesicad deSIRITE 13 1T BEe PRI RST oAbl e

resi st or Sproerarobr aoéferanqartedpdraetums sived of angeoeadtury abriespracesamgadnjeaiopaioal | el .

Qut put s Ofl'he {eh@gr%fu?e gcﬁrtrolf%ﬁs h&d réf@r@ﬁc%qe&?ergtgr tJeﬁeclf dnrc?’rEurlsf%r %Eger%]sé&tt ch 68
for selectin | osed circuit irst trimrer and an op
circuit fBﬁwgﬁﬂéﬁ@”@ﬂﬂﬁﬂ%@“ﬁﬁmeﬁwmﬁﬁ@ﬁ%%ed circuit for second trlnner 66
and an open circuit for first trimer 64. QOperation of selectlon switch 68
al l'ows a ﬁserrt 2t08 mcﬁdg ? reg]ourcre 2f||sr(§nne ncgtosrﬁ‘l u?sng tfrst r| 664 for QG
Trimrer 6 range o ues Seleeted t'd cor?es n operati ng
condi t i onussf tq $ﬂ*§30i Hi‘jeé'fﬁt recﬁﬁrremqedqampératurmmri a@ecqr@érlrameraﬁﬁgfer Hjﬁ ueerlt@e@e@el ected
to correspncéR r@fe‘ﬁér@@d@ﬁ(p&&tﬂ@' Clré?ﬂ zmb |Frchﬁieé fél ﬁ—r§tt é%trérpé}lntchsf’@r sglependent
upon a user ser ct between a

L
P oot r of SHSARE CEMARLI B g Sgar LD B Bab PR WS S b Bbér SE1TT 20ond £ 1 on
of the i npaotd timeye 64066 areseariabld resifters.eeack df enpedeitronredoengeedfp@hdsng to a

st andby caondigbd AbaPiet @ﬁ’tpbt@b\eﬁﬁrr’r@% 640% arel BnldiRd S RBRIEsMciibil iHcE 62, the
first reference tenF{Verature Si relates to an operatin terrperature of a

pl astics HACEPFAP JeHeeRE Fiofed r%tnfof 8ISt TP 1S RoPRE" r EF WY ioh ggeond
t enper at utriennsdr gh,adr actusee sipoin tbs séna tristraen dband enppenadiraviefoofirstttirempl &t i cs
material . Ogg'rgtrcgr' 4}%&5&5‘& SMEE BE Gitaks atu‘éém@ E&&# B&wéér?rﬂé‘h%t Qrd%e&{nBdegﬁQs

dependent respective resistive val ues 66. The
first sel é‘thﬁoFr'ﬁﬁwrtGéWa%qunge ebriiee selerieblo£orapeshig Bn SePraiosediatth 70 for
sel ecti vetheanse@ioh itean Trinddr sbeasta fahges bf raa,ee&breétec?l’o acndas@onaac@ndarrdew stor

74, the fl(gn% trorq gfstbgtnﬁ:gtronzrogaé/ gpe%d n‘?sbosf% Vs%e%{ %{%n %r £e|efé¥0ﬁ8\¥IE§L 681 OWs a user

resistive val te o econd’ rési's or sW
to adjustU%ﬁ@“ﬁﬁe@ﬁéﬁﬂﬁﬁéﬁfﬁﬁdag@@@h@mp@?@ﬁﬁﬁﬁ@|W@ﬁﬁ@ﬁ@ﬂ@ﬂba%@@ﬁﬁpg

(provi dedcyHarios ef tﬂé?tri ééf'brptf)olQiﬁ@ seéonbl rréf@’r@ﬁcfesterﬁﬂerat@@ erbéboﬂcH?ﬁ’d’ aitd QB
sel ector swi in tQﬁﬁlnjectlon

Door ot 20, Bt P '@8‘?‘“06&003 ot BfRle §afTe 2L et i " voes
of pl asti signatediaes *@an drheatingalemnpsratyfe ofesblestlosr gaalamtheidedire tebecthed so

that the gebed ?é?&@ncrquﬁ%%rétb#érﬁgr%! &i’r‘r‘é'spo%é RU4 sféﬁditfyetérﬂﬁé}%re%fttﬂe ?Iaé’t@& ue -
e.g. desired te e rature for eilther erating or "stand condition of the

pl astics MaEER AN iHeHIbLFParee ieH‘pFrﬁ‘ "eRYAHP é‘r%ﬂorqfidaﬁiud@ SR YROB iy t her

r esi st or sregpectiviBiesi80e aaleeguf teitdedesenesct ed t o second sel ection switch 70
Thus, in total, five resistors 72, 74, 76, 78 and 80 each of predeterm ned
val ue (for five different glastlcs materials for use in the injection tool

) are arr a8 FeleGian M OF & AEHI et (FR5PNB SPEEPT AY'BetiOE®'8/YC one of a
cl gsed Ci Egrabdtioh @ atl€Bt Srb0esister Zghdepetore regstort B4, trerfirdt esistdr gp $avidg a 76, 78
and 80, a I r rgu stors
32 76 7 ée%rsﬁ%e\%&% di f%P%nE fr&ﬁ Fe??ﬂvﬁ'vgr]pe Z)flthg%gco%eq’gsysger 728 é&récté éwrtcr‘?zb s o

r esi st or saliews aziger tq gdiggh @B, thedfirgi|apd eefond fetaience retmperaege §'9@ﬁ43 P@V@ﬁ@lv'@pen

circuits Edctibest oﬁb@ftﬁmﬁ%rs 64466 vifth GJeehti8R of Rlecr S1i5 68) HakELaH the biastics €si st or
80 and open. circui of circuit

: w2, 14 76 . and 78.. An
200" pr ov: BBEH erePRRDIEERIE 0P g L imet BE Mo o
process. Foes @piastiisenateriak thewejpes ofresjsidie 72 enhécaredeleded sreihgidoomtbrénaput 16 of

t he conpatpifatte s@f’ralfduﬁb‘df eorﬂespc%lae wWigfeignce d£meraat dnBergiudNRl elttfer
dependent er t|n or standby condition for

t he p|astP%@mWﬁgé$?%%VG%W&O?WER%9$$G%Wa%r%§E%@ Raterial being used. The

predeterm ned range of values of trimrers 64 and 66 are selected to provide

an adj ust gble ahye of eﬁélﬁé%”ﬁr{rébgfuﬁhér%élét&g 7R 78RR Qr%'dﬂ& de8 BRAHR e (}8 and a

val ue representrnq a walt or standby tenperature when connecte

series toS¥AY SAECtop SwWid) ZQ %rhés 7 t0t§‘*4f"’€7(f39'3' é% B0.76THR andili 9Rgh o
operating tenperature is a pre-determ ned optimal tenperature for the
selected plastics material for injection nolding production and the waiting
or standby tenperature is a pre-deterfined safe tenperature to maintain the
plastics nmaterial wthout degradation. This is particularly inmportant when
working with sensitive materials such as Pol yacetal, as instability in the
t enper ature of PoI yacet al may result |n danger ous expl osr ons. In the

. P o S o o v D —~



The conbi ned val ues of either one of trimers 64 or 66, and any one of
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of selected plastics materials. The user then selects between a running or operating
temperature and a waiting or standby temperature by operation of the first selection switch 68
that switches between a first trimmer 64 and a second trimmer 66.

The combined values of either one of trimmers 64 or 66, and any one of resistors 72, 74, 76,
78 or 80 will provide the second input 16 of the comparator 12 of either one or both of the
control circuit 100 with a value representing either one of a running or operating temperature
or a waiting or standby temperature of a selected plastics material.

Any required variation or fine tuning of the reference temperature can be adjusted by
adjusting the value of either one of trimmers 64 or 66 as may be appropriate. The values of
the trimmers 64 or 66 may be measured using a multi-meter and compared against a
reference temperature chart (not shown) with pre-calculated values for easy conversion of the
multi-meter readings into temperature values.

Where there is a need to heat and maintain the temperature of several zones in a large
injection tool, a second or further control circuit 100 may be connected to the reference
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selection circuit.

As shown in figure 3, numeral 300 generically designates a temperature controller for
controlling the temperature of multiple zones incorporating two control circuits 100 and a
reference temperature selection circuit 200.

Further control circuits 100 may be added to the temperature controller 300 if more zones of
temperature control are desired.

The temperature controller is mounted on the tool of an injection molding machine and
connected to the temperature sensing devices such as thermocouples and temperature
control devices such as heaters. In order to facilitate the mounting of the temperature
controller onto the tool of an injection molding machine, the temperature controller is
preferably provided in a housing having thermal-insulating properties.

It is to be understood that the foregoing description of the invention is intended to be purely
illustrative of the principles of the invention, rather than exhaustive thereof, and that changes
and variations will be apparent to those skilled in the art, and that the present invention is not
intended to be limited other than as expressly set forth in the following claims.



3. The tenperature controller as clainmed in claim2, arranged for the DC
power source to power the opto-coupler when the output of the conparator
changes swete11/d56334t he opt ocoupl er to provide the activacran2mEi/gssats to the
solid-state switching device. 4. The tenperature controller as clainmed in
any one of clains 1 to 3, wherein the solid-state swtching device is a
triac. 5. The tenperature controller as clainmed in any preceding claim
further conprising a reference tenperature selection circuit for providing
the referepgRstenperatures signal, the reference tenperature selection
circuit being arranged for a user to select between first and second
reference tenperatures. 6. A tenperature controller for providing a
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the opto-coupler.

3. The temperature controller as claimed in claim 2, arranged for the DC power source
to power the opto-coupler when the output of the comparator changes state, for the opto-
coupler to provide the activation signal to the solid-state switching device.

4. The temperature controller as claimed in any one of claims 1 to 3, wherein the solid-
state switching device is a triac.

5. The temperature controller as claimed in any preceding claim, further comprising a
reference temperature selection circuit for providing the reference temperatures signal, the
reference temperature selection circuit being arranged for a user to select between first and
second reference temperatures.

6. A temperature controller for providing a reference temperature signal of a
temperature control process in an injection tool, the temperature controller having a reference
temperature selection circuit arranged for a user to select between first and second reference
temperatures.

7. The temperature controller of any one of claims 5 to 6, wherein the temperature
controller is arranged for a user to select the first reference temperature corresponding to an
operating condition of the injection tool and the second reference temperature corresponding
to a standby condition of the injection tool.



9. The tenperature controller of any one of clains 5 to 8, wherein the

tenperature controller has a selector switch for selective connection to a
first reswetori/@ambdsa second resistor, the first resistoPCnaBingozmozdesi stive
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adjusted reference temperature in dependence of conditions of the first and second selector
switches.

12. The temperature controller as claimed in any one of claims 5 to 11 wherein the
temperature controller further includes a second temperature control circuit as defined in
claim 1 for controlling the temperature of a second temperature zone of the injection tool, the
comparator of the temperature control circuit and the comparator of the second temperature
control circuit each receiving a common reference temperature signal.

13. The temperature controller as claimed in any one of claims 1 to 12 wherein the
temperature controller is provided in an insulated material housing.

14, A method of controlling temperature in an injection tool, the method comprising:
comparing a reference temperature signal with a sensed temperature signal from the
injection tool
controlling a solid-state switching device to switch a power supply to a heater of the
injection tool, the solid-state switching device to switch a power supply to a heater of the
injection tool, the solid-state switching device receiving an activation signal from the opto-
coupler responsive to a change of state of an output of the comparator



15. A nethod of providing a reference tenperature signal in a tenperature
control process for an injection tool, the nmethod conprising a user

sel ecti orwbebwssssfii rst and second reference tenperat ur @€TiIR2080/030Br ence
tenperature selection circuit of a tenperature controller.

15. A method of providing a reference temperature signal in a temperature control
process for an injection tool, the method comprising a user selection between first and second
reference temperatures in a reference temperature selection circuit of a temperature

controller.
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