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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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

mai ntain the tenperature of several zones in a large injection tool. In the
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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
the prior art and facilitates nounting of the tenperature controller
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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. 1 is a control
circuit dvegoamssiz4an i nproved tool controller. Fig. 2 ipeTAB20ab/@350NICE
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
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the circuit and converting the DC input to an anplified AC output 30. The
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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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The first selection switch 68 is connected to a (second) selector switch 70 for selective

connection to at least first resistor 72 and a second resistor 74, the first resistor 72 having a
resistive value different from a resistive value of the second resistor 74. Selector switch 70
allows a user to adjust one of the first and second reference temperature signals (provided via
selection of one of trimmers 64, 66 with operation of selector switch 68) based on the plastics
material for use in the injection tool. So, if the injection tool is for operation with two different
types of plastics material, the values of resistors 72 and 74 are selected so that the reference
temperature signal output corresponds with a value — e.g. desired temperature for either
operating or standby condition of the plastics material in question.

In the example of Figure 2, three further resistors 76, 78, 80 are provided connected to
second selection switch 70 Thus, in total, five resistors 72, 74, 76, 78 and 80 each of



injection tool, a second or further control circuit 100 may be connected to
the reference tenperature selection circuit 200 for controlling the

t enper at we 20f1/058834i pl e zones. A tool controller for comcraBiaiogssohe
tenperature of nul ti pI e zones havi ng a comon reference terrperature si gnal
IS nore accgrate ereis a to c(g:}trol t he
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are enpl ogeahgeEaglaraiél t¢ barb ethex toe satedting leapesnanyoee of@ased Lieu faaresistonen set

to controby Qﬁ&f’od’éﬁ'crﬂéﬁé Fbr%%%t&r@ﬁ@% el s@f a BBy dirBgh f&' Qb 700 opbh has

been found that tol erance differences in the conPonents of each
of these @W@W&fes{s@ﬁp@’ Jﬁu?%a'}?o?ﬁ Bdlsed sireyjt forj r%S'%t%p?ésaMﬂpe £EuiRai%t ai n
each of theserzimes, tantlse, sedetcﬁnqhte‘orarbslster 78T4ridsoppin olbdugstionmesgistoes 28, | evi at ed

when bot h E%ta'h&’bo cb'rg%f&%oscw&m%r' ReiliBedd anrdﬁggﬁ ﬁr‘&&?‘s fhﬁ%g%étﬂ 24 Zqmyt he same

reference_tenp t'ure ection circuit nuneral 300
generi cal I'§ Aﬂ‘é&ﬂi%h‘ét%@”&?(’@ @W@Pé‘a@ (AfEEREAeTRST AR SB f@@ﬁ@m%rﬁtvrﬁgmﬂm

t enper at up@cak. FFﬂdleianﬂileﬁthaQﬁlJﬁﬁJt MBCIeY Ehedddry tHe@c@ﬂMduOiG altmecwﬁperaﬂcﬁo and a
refer ence § @rretahe f}e r%%rena%% &e?aturrcglghl |09e.)p6 clileni E COsnetr rsglectc:nro?g' ts 100

may be ad e er con Z0Nnés of t{enperature
control aﬁ@er@ieglor%I@hdbSrh@dttleﬁrﬁet@tRﬁSeCSd@aier’abIah@Welt)@eWmetle%lméﬁ@rlQ| I9eing ool of
an inject | &Qq nol ding nmachi ne and connected to the tenperature sensing

devi ces such as thernocouples and tenperature control devices such as
heaters. In order to facilitate the nmounting of the tenperature controller
ont o the flomlpregtteamnnddnjapge icbmalped di tignmeeg lb# reed Goheret satqeadatouprevidsontr ol | er

is pr efer Qé}bs){ab%r@a\r’de%&eéeﬂtn?g QRH%h@gr MVAUHQte%%FaHPé arﬂd‘é&ﬂl@ r'eBrQséNthd)&” ies.
It is to be understood that the foreg 0|ng description of the_invention is

i nt ended Wé't'%orpiﬁ“QPVempPrﬁMer ‘é{kﬂ‘?ﬂfé’”%?CteldH SHIER MY W€ BFESISIPES [nvéntS on,
rat her thasoedhdustrunviagtohepeeaifing temebrdtivatis € hardpesmand optardl wrnpelmrm/fdrl be

apparent -4 %@8 g gslidd r%gthfé‘ ! 1Moo m&d Er‘%ﬁﬁctm%n &S @Ain S'rvﬁéﬁoib nis not

i ntended to fe rﬁﬁ; ed han as ex 'ﬁjge 'Set ortﬁ r?lthe ?I oW ng

cl ai ms. EMRETREUre is a pre- determlned safe temperature to malntaln the plastics materlal without
degradation. This is particularly important when working with sensitive materials such as

Polyacetal, as instability in the temperature of Polyacetal may result in dangerous explosions.

In the operation of circuit 200, a user selects between any one of resistors 72, 74, 76, 78 and
80 by operation of the second selection switch 70 to select the desired reference temperature
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



1. Atenperature controller for nounting on an injection tool , the
tenperature controller having a tenperature control circuit conprising:

a conpar avonofiarsssenpari ng a reference tenperature si gnaicTaBionoesssznsed
tenperature signal fromthe injection tool ; an opto- coupl er coupled to the
out put of  the state switching deyi for

owi §oni g Paeer Sabpn vred orenewirofis PaesiirBt: Sy SRk ol oot at o

swi t chi ngcagviler dotbeintrglliey tHangedetabra et aiuiiigle savnes hawret aoamrrrmcgnraferérlcem t he
opt o- COUp{eﬁ{pefaﬁf?@Q@%I VEmbR @cc&rgéngﬁthgfpr@rt & ewhgrfe Be Q8L by & cc;nlt}gl the

conpar at or n(%)erature controller as clained in claim1l, wherein
t he out puEe”tE’PraE%%OdeW% 265 MElinteRrReed ddnReGRiye B@f‘”ﬁk‘ﬁ/(%?res%“tﬁl%’édﬁ%Bugh a
resisti veefctamwteMaEtemperamretcoatncniletscaré then eqattmeanooipne maintdh thd heendeesper at ur e

control | ef %hchéﬂx mﬁq&ﬂ 2bib. G ﬁés”b@evn @Lﬁcﬁﬂﬂ?gué ol tﬁeht%|e9.ﬁc&%%Fen§é%“FnCtﬁ?t O power

the opto-co the out e conparator changes state t he
opt ocoupl é@mﬁoﬁerﬁ? 6Vp#e o H@SQ@P(EGV@{ teawe@ﬂtg%a@ntrpﬂﬁr% Higis dBPesaibiet A tTeai¥ai t ¢ hi ng

devi ce.  dachldi@ndserpedsadt Wi s ichPblatife. a$uscdr@u|émd1ayrbeaemyv@e@waén pétei s 1 to

3, wherei cr:]on roleclf%!tsl g%lglnqul’ ?(%regcrel tgglﬁgrgt\ﬁ' C'Fromstp % ‘ra}gferenése temp%rattuer(rerper ature

control l er—as
r ef er enceseleaypeeigtiure sel ectl on CI rcuit for providing the ref erence
tenperatures signal, the reference tenperature selection circuit being

rran for I n n nd r r
?err;e?ggufgo hgwrysme f|g£rg 3, enuren((:eFaI t2386V\gllee%erlcallly ae&g%at%s a e?np%ratuere ec:ontro(]\'ler for

controllmg 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.



6. A tenperature controller for providing a reference tenperature signal of
a tenperature control process in an injection tool, the tenperature
cont rol | ewohlrauiiosg3sa ref erence tenperature sel ection cireartuBzneessged for a
user to select between first and second reference tenperatures. 7. The
tenperature controller of any one of clains 5 to 6, wherein the tenperature
controller is arranged for a user to select the first reference tenperature
corresponding to an operating condition of the injection tool and the
second reggfiRece tenperature corresponding to a standby condition of the
injection tool. WD 2011/055334PCT/ 1B2010/ 055024 8. The tenperature
controller of any one of clains 5 to 7, wherein the tenperature controller
is arranged f oA tempsaure tcontidréatmduntng onr stinjeeios tadhcibe tegpeatad ton@oller
correspon ure of a plastics material in the

p H‘éﬂg; étngé}ttﬁﬂ%%ﬁM B%UH%@&&FE p

injection t e secon erence tenperature corres[)ondl ng to a
st andby t enper &t EA#PAETO e FITRSEINT 2 rﬁﬁ?réf‘?ealtem@?r%“ﬁé figjeectiinol €98EY 9. The
t enper at uremp@@mrédeaerrorﬁfhear}etn@m@owf clains 5 to 8, vvherel n the tenperature

controller hashal ch for .s |ve onnection to a first
resi stor and aaseé regOu wdtmth?ﬁmp?t O? hg% allr%t BoF havi ng a resistive val ue

different f rorrﬁéohdeﬁﬁﬁtgﬁwli%lﬂg’é@w f@rfSMtﬁén$@@QWﬂSW@b'l tg adeatet ¢ighegaipd@ion or

swi t chi ngto@ﬁ"tHé%oﬂ@état@ s\f!/ﬁ@?{ngtdbvﬁglbbll% a@%e@fto itet'@vé arf §c§twé¥l&ﬂ sRBa o hef erence
t enper at ur es in the injection tool.

10. The tB%E?Lﬁ%Feép%P{Fﬁ%g F*@Pg%%f S&ﬁtea?fr?ﬁﬁu th OEH&? CBWBarStPrcl aims 5to 9

wherein the tenperature selection circuit conprises a first trinmer for the

user to sglect TEJ‘Qerﬁberra?Grer&in%IPePCa% LISARET AL 4148 1aﬂzﬂer@m5ﬁ€0&ﬁblﬁ rdinger for
the user to select the second reference tenperature and a first sel ection

switch foFOReRAIFIHS ﬁ?ﬁ”ﬁ@?@@e% DErROWEY P Cet OH9RR Tafivlv e FRRadWedHE k3 0fer . 11.
The t enpethatoptoecoset rol |l er as clainmed in any one of clains 9 to 10, wherein
the tenperature selection circuit conprises a second selector switch for
adj usting between the plural resistance val ues, and the tenperature

control | ef cir¢tf terquragij— ey pclgmedineaanm?. ét‘lf‘ﬂ&@@' & theelPe PRHY SOWEPper at ur e
i n dependengsved theCepidltdupenwh@f thehwitdut biSthe @b pSae0Ethngsl 84t 0fr S8l dpehes.

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.



12. The tenperature controller as clainmed in any one of clains 5 to 11
wherein the tenperature controller further includes a second tenperature
control cowoeuittosass4defined in claiml1l for controlling tkeTuBIP@nITOLN € Of a
second tenperature zone of the injection tool, the conparator of the

tenperatuge control circuit d the comp tor f _the sec erature
Contror ot cut M FeepALEeieon R £ COHOR o R o 7t BRER b AT 13,
The t enperatrolee iscayrangesl foea uges tacsetrchibe firshrebangnce enmefato apmaspdnding td 2n vvher ein

the te”peE)@éré{an t&rﬁ;’iﬁrét%'o@r bl%m&f AUicAR Y 18 iRBotoR St 3h& the"&&d r%}eréh%ls' ng.

14. A method of control nperature 1nan injection tool, the t hod
conpri si n&mp{%@%%ﬁ‘?rf?@p%‘d%g%?él??t?%byttéfﬁﬁ%f?%ﬂfelﬁféhes?'eﬁ'é? ”Wef'ﬂ '%t@é'ﬂ%‘é'&”

t enper at utoel. si gnal fromthe 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 i nPect i Obf tHBETAlH SO df 1% a8 Hhictedts %@0 &e\’)’h%f@'”rté%éqm\ﬂef?éuran

acti vat i osorsogalas far yBdctdewagt oL GYRLIE JoRSREAS Ve fitsd r@sstd“naermgea eécosdi at e of
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providing a“refe process
for an i nfeé@tor dfre setagior stém@belhmt@r@gmﬁq gliysgone Qjﬁ@rflr%éh@@qcpwrefﬁéqr\%en first

and secondan{pea‘aﬁfr@sr&@ed&nﬂa@b@&tué Ratetif) i ushereanesioh ggpRer at ure sel ection
circuit of a tenperature controller.
10. The temperature controller as claimed in any one of claims 5 to 9 wherein the
temperature selection circuit comprises a first trimmer for the user to select the first reference
temperature; and a second trimmer for the user to select the second reference temperature

and a first selection switch for switching between the first trimmer and the second trimmer.

11. The temperature controller as claimed in any one of claims 9 to 10, wherein the
temperature selection circuit comprises a second selector switch for adjusting between the
plural resistance values, and the temperature controller circuit is arranged to provide an
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
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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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