1 M CRO TEMPERATURE CONTROLLER FI ELD OF I NVENTION 5 The application rel ates
to a tenperature controller for nounting in a nould injection tool and to a
met hod ofwo=eizhesseof . I n particular, the application reCaBx11/051886
tenperature controller for obtaining a tenperature signal of a nould
injection tool in order to control the tenperature of the 10 nould
injection tool and to a nethod of use thereof. BACKGROUND US 6, 312, 628

di scl oses a nethod and a systemfor controlling 15 the tenperature of a
fluid cooled high tenperature injection nould that has fluid channels
formed therein. The high tenperature_injection nmould has an operating

t enper at ure above the boiling point of water. A flow of either elevated
pressure or | ow pressure cooling water is passed through the flu- 20 id

channel s i FItRe Hi'GHECEHPerGtUrELhfection nould for a linited duration

during the nmoul ding cycle to reduce the tenperature of the injection nould
to a desired_level. US 5 g,97, 515 di scloses a control systemfor controlling
t he 25 ter‘rﬁé%ﬁ?u@e WERTH 1f)rocess machi nery, such as the feed assenbly in
an injection-noul ding machi ne. The control system provi des a si x-phase

process fo&hst arti.n%&ggn? enlgq{li ne froma colcd condi ti QTe?nfjorf or controlling

t he macRi né"t eAperat T ATA h°a comrana tERperardreSin %y rapid and

accur at e manneti:30 iwhil eowdeninikyt hgn centlr ehdpas areteehsdfof wse under

steady statg conditions fo. [RINta}0 10e .CoMBAd, Lefper aLul &, JUVMARY
ture 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 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 tenperature controller nodule for an
i njection-noul ding machine. The tenperature controller nodule conprises a
resi stor woetzawkossnd at | east one analog 5 controll er de¢raB201T7h&9Isesi st or
network that conprises a power supply term nal, a machi ne node sel ector
switch with at |east two nmachi ne node sel ector positions, a material type
selector swwtch with at 10 least two nmaterial type selector positions, and
an output termnal. The output terminal is connected to the material type
resistors. The power supply termnal is used for receiving a pre- 15
determ ned DC supply voltage. The nmachi ne node selector switch is used for
sel ectively connecting the power supﬁly termnal to one of two or nore
vari abl e machi ne node resistors. The material type selector switch is used
for selectively connecting one of the variable machi ne node resistors 20 to
one of twoThe Amfe damtbenigtodiype aesémﬁdﬁaiurah@bmnﬁqaubrtﬁwdﬂﬂamfoks used for
provi ding a sensor .threshold val ue, The anal og controller Vi ce conprises
a sensor téPnfﬂHf:lﬁntﬁ?%g qﬁ“ﬁﬁﬁé@?oﬁheaﬁe ??%%FECSGBFf%GLdEV|ce an AC
power 25 supphyetmm@m13é$ @A Redtedrtestiiordl anantk araanabog seirogonduct or
power sgn} S hﬁtthreshold detector conprises a sanple and hold input

al “ei'reu

el ectri THé'Sensor terminal is used for receiving a sensor
measure- 30 ment value The threshold detector is used for receiving the
sensor t hr aghol d. val e, and, Lhe sensor ieasurepsnt. valye, The, gptical
coupling dévice is conf't gur'ed Such AT The®t Rf 6shol d-dét ect or eherglses

t he opticak m@@@h&ngwdevs@iﬁqugnsWheﬂsanih 3t least two machine mode

selector positions, a material 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 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 wvalue.

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-



sor neasurenent val ue exceeds the sensor threshold value. The AC p

supply term na
term nal we 20eedo$sor provi di ng el ectrical
sem conduct or power switch is used for providing electrical

is used for receiving an AC power supply. The heat
power to a heacenB20b1/431886anal og
power fromthe

AC power supply termnal to the heater term nal when the optical c
devi ce activates the anal og sem conductor power swi tch. The anal og

seni conduc-

DESCRI PTI ON OF THE DRAW NGS 15 Fig. 1lillustrates an enbodi nent of
i nproved tenpera- ture controller, F?g 2illustrates a di agram of

t enperat ure cont rol

cir- cuit of the tenperature controller of Fi

Fig. 3ill uSPFates g egragr gmyst eécﬁ%?%rﬁﬁﬁ:éePéﬂbeﬁQﬁQEPSlgeY%&Hﬁ on?
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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-

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

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

illustrates an embodiment of an improved tempera-
ture controller,

illustrates a diagram of a temperature control cir-
cuit of the temperature controller of Fig. 1,
illustrates a diagram of a reference-temperature
selection circuit of the temperature controller of
Fig. 1,

illustrates a diagram of an embodiment of a temper-
ature-sensing device of the temperature control
circuit of Fig. 2,

illustrates a diagram of another embodiment of the
temperature-sensing device of Fig. 2,

illustrates a diagram of a further embodiment of
the temperature-sensing device of Fig. 2,
illustrates a diagram of an embodiment of an opto-
coupler of the temperature control circuit of Fig.

2,

ower
er

oupl i ng

10 tor power switch operates in an auto-triggering node while
the AC power supply energies the anal og sem conductor power sw tch.
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Fig. 6illustrates a diagramof a further enbodi nent of the

t enper at ure-sensing device of Fig. 2, 30 Fig. 7illustrates a diagram of an
enbodi mrenwoabi12anosspt o- coupl er of the tenperature contrelcTaBroavdilogd Fig.

4 Fig. 8illustrates another diagram of another enbodi ment of the
optocoupler of Fig. 2, Fig. 9illustrates electrical waveformdiagrans for a
TRIAC (Triode for Alternating Current) of the tem b5perature contro

circuit of Fig. 2, Fig. 10illustrates a front view and a side view of a
cas- ing for the tenperature controller of Fig. 1, Fig.

1lillustrates different views of an injection-

nmoul di ng machine with the

tenperature controller of 10Fig. 1, ﬁig. 12il lustrates a schematic of a

controller _systemthat includes the tenperature controller of Fig. 1,
Fig. 8 1llustrates another diagram of another embodiment

of the optocoupler of Fig. 2,

10

15

20

25

30

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

13

14

15

16

17

18

19

illustrates electrical waveform diagrams for a
TRIAC (Triode for Alternating Current) of the tem-
perature control circuit of Fig. 2,

illustrates a front view and a side view of a cas-
ing for the temperature controller of Fig. 1,
illustrates different views of an injection-
moulding machine with the temperature controller of
Fig. 1,

illustrates a schematic of a controller system that
includes the temperature controller of Fig. 1,
illustrates a temperature graph of a mould assembly
of an injection-moulding machine that uses the con-
troller system of Fig. 12,

illustrates a heater status graph of the mould as-
sembly, the heater status graph is associated with
the temperature graph of Fig. 13,

illustrates a temperature graph of an injection-
moulding apparatus, the temperature graph is asso-
ciated with the temperature graph of Fig. 13,
illustrates a heater status graph of the injection-
moulding apparatus, the heater status graph is as-
sociated with the temperature graph of Fig. 13,
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,

illustrates a variation of the injection-moulding
machine of Fig. 11,

illustrates another embodiment that is a variation

of the temperature control circuit of Fig. 2,



Fig. 13illustrates a tenperature graph of a nould assenbly of an

i njection-noul ding nmachine that uses the con- 15troller systemof Fig. 12,
Fig. 14i IwWo=bratiessoa heat er status graph of the noul d agcTaBmbhigi19%dhe
heater status graph is associated with the tenperature graph of Fig. 13,
Fig. 15illustrates a tenperature graph of an injection- 20noul di ng
apparatus, the tenperature graph is asso- ciated with the tenperature graph
of Fig. 13, Fig. 16illustrates a heater status graph of the injection-

noul di ng apparatus, the heater status graph is associated with the
tenperature graph of Fig. 13, 25 Fig. 17illustrates steps for binning a
finished parts pro- duced by the inj &cti on- noul di ng machine of Fig. 11
using information fromthe controller systemof Fig. 12, Flrg. 18il lustrates
a variatiofitdf the lﬂrﬂéﬁ’f%ﬁ?%&?ﬂﬁ&%ﬁﬁ&ﬁ?ﬁﬁn djflalglr@ms 1597 B §hy-

19i | l ustrat es anot herseabagli mert tbhadrdtira vantadl enretiit her tranper at ure
control circuit of Iii9g. 2, 5

Fig. 21 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. 20illustrates electrical waveformdi agrans for a thy- ristor of the
tenperature control circuit of Fig. 19, Fig. 2lillustrates a further

enbodi mrenwvothet1108s9a vari a- 5tion of the tenperature comCraB2oai/ntigsd of
Fig. 2, Fig. 22illustrates a variation of a conparator of Fig. 2 that

i ncludes a hysteresis nodule, Fig. 23illustrates a diagramof relationship
bet ween i nput vol tages and out put voltages of the
conparator of 10Fig. 22, Fig. 24illustrates a variation of the conparator
of Fig. 2 that includes a sanple and hold nodule, Fig. 25illustrates a

cross-sectional top view of an enbod- i ment of an inproved
i njection-noul ding machine in 15a fiPst position, Fig. 26illustrates a side
cross-sectional_view of the in- jection-mulding nmachine of Fig. 25, Fig.

27i 1| ust r af &8 ai expAntBtr TicsS- SELEF OHRalt Pew O 418w of a further

embodiment of an injection-moulding machine,

Fig. 34 illustrates a side view of the injection-moulding
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-noulding machine of Fig. 26, 20 Fig. 28illustrates a
cross-sectional top view of the in- jection-noulding machine of Fig. 25 in
a second wo-20u0t1dg3n, Fig. 29illustrates a side cross-seeCirapziiiniiess of the
in- jection-moul ding machine of the Fig. 28, 25 Fig. 30illustrates an
expanded cross-sectional view of a part of the injection-noulding nmachine
of Fig. 29, Fig. 3lillustrates an enbodi nent of a pressure controller,

whi ch shows anot her way of using the controller of Fig. 1, 30 Fig.

32il lustrates an enbodi nent of a pressure sensor nod- ule of a pressure
sensor device for the pressure controller of Fig. 31, 6 Fig. 33illustrates
a cross-sectional top view of a furtHRer enbodi ment of an i nj ection-noul di ng

machine, Fig. 34illustrates a side view of the injection-nouldi ng machine
of Fig 33¢ ntrol circuit 100'. The similar parts are denoted with a

prime.

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.



5 Fig. 35illustrates a pressure controller for the injec- tion-noulding
machine of Fig. 33, Fig. 36illustrates a pressure sensor for the pressure
con- trolwenof116859. 35, and Fig. 37illustrates a managecenB2mysiiess f or an
i njection- 10nmoul di ng nmachi ne. DETAI LED DESCRI PTION I n the foll ow ng
description, details are provided to de- 15 scribe enbodi nents of the
application. It shall be apparent to one skilled in the art, however, that
t he enbodi nents may be practiced without such details. Sone parts of the
enbodi nents, which are shown in the Figures 20 bel ow, have simlar parts.
The simlar parts have the sane nanes or simlar part nunbers. The
description of one simlar part also8applies by reference to anot her
simlar part, where apprq$riate, t hereby reducing repetition of text

wi thout |iATEi Wy ta%€ PRI el 2282¥i" 11VEhowed a "PehpBtatut € Eoftrol | er
300 for adpustimgmanhgouspdtenper abusesi«afl gyl &h phapenesn of 8 .amhe
injection-nDuIdi2%1ng§hlne or a hgatiqg %ystenlof a tool. The tenperature
control | er °308"F Atifudds a COHEFGFYch? chit 1667 and A EGRt t dT°"E%r - 30cui t
100", wher ebnarbotds canbugh Lirneclst svd-Ohirardti00' (rmeceonnectasd i n parall el

to a reference ggltﬁ‘e ggggkya%ggbrﬁggtsdpf tQSiCQH$58|CC£{&;E}S 100 are
simlarto"Bart SVPHLRES 7 CHREFSI O8I e T06°51 1 §Pnfracpafts are
denot ed wi thgatlpsi ne. 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 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



In use, the injection-noulding machine is used for shaping 5 nolten resin
material to fromfinished noul ded parts. The control circuits 100 and 100
are used wonroronbvssel | ing dif- ferent zones or areas of PO®/1B2011/051986

i nj ection-noul ding machi ne. The tenperature controller 300 is provided in a
housi ng hay- 10 ing thermal -insulating properties such that the parts of
the tenperature controller 300 are shielded fromenvironnental conditions
of the injection-moulding tool. In a generic sense, the tenperature
controller 300 can in- 15 clude nore control circuits if additional zones
for tenperature control are desired. The single reference voltage supply
200 can provide a reference voltage for one or nmore control circuits. 20
The parts of the tenperature controller 300 are descri bed bel ow in nore
detail . AR AL P IRGMEI t HE tpePatUT €WBNYr 6F - cicli't BB OF °fhe

t enper at ur eneomt 1zl 13@r i6f cdrirpctdd Thes eenkedl scidunk 10Pe€0rdS prises a
contr ol circui%,connegted to power circuit. The control circuit includes a
vol t age cofparatsr £9 that is coupled to an optocoupl er 28 while the power
circuit includes a TRIAC (Triode for Alternating Current) 34 that is
coupled5301to t he gg}gcou | er 28..!he:ﬂfgpcoupler 2§‘is algo known as an
opti cal > codpl 8P WK 8 Ehe"FRIRE34TS Al £6°kRowWH &S A" 6P di t 6t55nal tri ode
thyri stor orlanbidtceierndl atd itode rehystet 2. ha8 Theesiclhage companat or 12 has
an inverting,input pin 14 and non-inverting input pin 16 wel | as an
output pi n 18, Fe B puf S Ta REE cOrvekt B O S0 Ut T G ent)
power sour cetBd6t thimodghoa tlesioptiveurctpacitt hwe { ROtecitieli di2Z3r-5 whi ch
conpri ses 3,68Pa¢1 401,20 andh @1 g1 SHar 42 conpesad together, in paral lel.
Mor eover, the conparator output pin is also connected to an anode pin 25
of a LED (Lthgh®N Etattei agd Di agegen2dal 19 fTsgcopt ochwploat 280 ividitydéS an i nput
pin 26 and, a0, elCtyl-6ab, oraund pin; 2% pspebly At LT LLEL AUGRUL,PIN SO and
a collector output pin 31. The optocoupler input pin 26 is connected to a
cat hode pi haR9a gfattchgukEDpPR4urrent of about 2.2 milliamperes.

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



15 The TRIAC 34 has a gate pin 32, a Main Term nal One (MI1l) pin 44, and a
Main Term nal Two (MI2) pin 46, wherein the gate pin 32 is connected to the
opt ocouplwp 2ertivgse out put pin 30. The MI1 pin 44 is coroeaBmdi/Hische

opt ocoupl er collector output pin 31. 20 In practice, the inverting input
pin 14 of the voltage conparator 12 is connected to a tenperature-sensing
device 40 that is attached to a part of an injection-noul ding tool or

machi ne, which is not shown in Fig. 2. The tenperature- 25 sensing device
40 has a positive tenperature coefficient, wherein it produces an

el ectrical voltage that increases when tenperature of the

t enper at ur e- sensi ng devi ce 40 i ncreades. 9 AC (Alternating Current) power
supply 48. The MI2 pin 46 of the TRIAC 34 is connected to a heater 50 of
the inj ectitBh2 AU di AgIE00I" F PRAbAE EXanpFe® thé dapacytvr™0 has a
capaci t anceneh ehuid Quirsm ymefigr athanthdhepl st 5t @ol2de hascam besi st ance of
about 4.2 kiho-qc;hm;. The COAS| ect or ou(% put gi n 31 and the emtter output pin
30 of the BBt 28 WaE h FEERNT =i~ di'f FePertd of "abbtit 056 Vol ts AC
when the optogatydeatia?28 &1sd Snonlfs theHANmst adte dnrdtacpotefddsalkodi f f erence
of about 230 volts AC V\/nenlttt%etogt ocoupl. r 28 it i hi n _the .O:Ff%t ate. The
TR AC 32 hdsPa §hte "CGrhtoh QT 8At 61 abodt €2 % mi'Fi Ghperes ot

Oper at i onakbye theugenpesatidree donyewdradilycabdvd 00 sleused &S sfios, adj usti ng
the temperafurgof, Lhe.l ol ection;gpul ding Lol Ln ot her.yords, the control
circuit 100 serves a tenperature con rc?l "&r “of "t he inj B2t 'on-noul di ng tool.
Speci fi cal kyrotdie igirediuatidi0Gucs asedldarrad) bsin ttheceenpey at ure of a
plastic nmoulding material that is provided within the injection- 20

nmoul di ng machine as well as adjusting the tenperature of certain nmachine
conponéft sAof atheratey eetporeimygl dppgradacti fiee sudhiag nesemmll d¢firnj ection
nozzle. Theofoulding gotesial oes.aleg. k1owm.as,a Mouldpngales] g aterial.
The tenperature adjustnment is often done such that the noulding material is
in 25 a nolpentit atceldThe wajifrdailnj Betdcorehoket &c faed@st s hendoldeen noul di ng
material tQ.funNels;, of na, pouldigng.assaidl v  pher eig) Lhesesfunners channel
the received nolten moulding material to a nould cavity of the noul di ng
assenbl y féinsHapicng CERE2Ho W dishdCrat@ridandt B2 proiddee saclesi ried vpart . 30
The noykdi pgfBt efdakviRchdides okhertoplasti ¢ naterdRls Qhed hardmsgtting
material. The thernoplastic material, also known as therno-softening

pl astic, re&fERs D falpsl gHetidchaft 199 operating range.

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 is connected to the RC circuit 23 while the



turns to a liquid when heated and turns to a glassy state when cool ed
sufficiently. The thernoplastic polynmers can be nelted and be noul ded
repeat edlwo 2bre/1aessvr ast, the thernosetting material, al POTHRIMYOEISE
therno-set plastic, refers to 5 a polynmer material that irreversibly cures.
The cure is often done through heat that is generally above 200 degree

Cel sius, through a chem cal reaction such as a two-part epoxy, or through
irradi ation such as el ectron beam processing. 10 An accurate tenperature
control of the nmoulding material often serves to reduce aesthetic defects
of parts produced using the nmoul ding material. These aesthetic defects
include wel d lines, incorrect dinensilons, war pi ng, or poor surface
finishing. Certain plastics noulding material, such as Polya- 15 cetal, nay
even deconﬁBé*ét%&fpttHﬁttﬁnselﬁﬁ%dé WHET SIS terfferattre* %l |s outside of
i ts operat ghgut@nge. tRefesfidigemont hecnwlrbagetcomparaterad?; dutl1pr ovi des
analog to digital sinple conversion. The inverting input pin 14 re- 20
ceives a t BRpETH U ‘reading or a tenperature signal fromthe

t enper at ur e- sensi ng device 40. The non-inverting input pin 16 is used for
recei vi pg reference_vol tage si.gnal from.,the reference,voltage. supply 200.
The refgreﬁ88HV% 4gst ﬁ%%f%ﬁf 6ngf%Hijépﬁﬁ%%l%?ﬁmgﬁggé% égfgnﬁSrature

sel ection obtchkdte2bubhatfpraowindes, diid erentraefer-erceivgl dages atécor di ng
to a user tenperature _selection. The valtage, conparator 12 conpares the

Vol tage.of PR apdt CHIRE Th Boar et tha Yot Sie. O ERECT nGUt pra 16 to
produce a 30lvald ageneh thkeucoutfpthe prefek®nica actiorgdasoceptp ide conpari son.
The vol t age,.¢ t.o 2 a | ec i.st that is
connect ed ?gggﬁ%ﬁ%%?pé?%ﬁ?gﬁigl@f%ggg%Cﬁt@?oﬁg%f&#ﬁgg%Fgﬁgpif%r%%s
connected tio #heoRCscRrEeui the2@bgwhpl eoting the ewinuteriof 18 heo toransi stor is
connect ed 1,0.an, 6l6eLiL6al arednd: i bhis-acrandeneal, thedeshetor 22
acts as a pull-up resistor. 5 Wien the noulding materral 1n the

i nj ecti on- ABUPHi g lcooP i sletdtrikeat edrigpts G P cifentd yolthePC source
tenperat ur gzsensing dewi & AQ froyi des. atepperat uneteading walbye that is

| ower than the
through the LED 24, through the input 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 energizes
the LED 24, which provides a visibly 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.



vol tage signal value of the reference voltage supply 200. This causes the
out put transistor of the conparator 12 to be 10 in an off state, thereby

al | owi ng wbeortipssb pin 18 to provide a hi gh-level voltageasXheosivgh- | evel
voltage is generated by a flow of electrical current fromthe 8 volts DC
source 36 through the resistor 22. The electrical current also flows

t hrough the LED 24, through the input pin 26, through and to 15 the ground
pin 27 of the optocoupler 28 and to an electrical ground. This current flow
t hrough the LED 24 al so energi zes the LED 24, which provides a visibly
indication that the TRIAC 34 is activated. 20 In contrast, when the

moul ding material in the injection- noul di ng tool has reached the desired
tenperature or has exceeded the desired tenperature, the

t enper at ur e8NS iFHGHeGi cCEUD ProIT UEY & P8rperat e tPeadi iy Walde that is
equal to onzthatid snhi gherstdian the sefierepee- voliage sbognadiazabge. 25 This
causes thelogt t tra siftor of the co arfa§Oé 12 to be in on state, which
causes the o tg EHiPRA1 8L 0 6V GRS T oWl Evel VoI PAGET S THe ¥Pect ri cal
current framohhendOcseutices & ftbowse ttrOERgh Wwhen riesd stiepu; rankiedgh t he
collector of th ut put transistor, through the emtter of the.transistor
and 30 ?o fcc)l% 2t et CeEPGt oin tz Wﬁelr%it%et RE 2rectritCal “Lutt'emt "does not
energi ze thé L&D 24ocandtide aptbocolpd ernd28lecliRidal enerexany &, when the
out put transistor of .t conpar at or is_in e off s t he output pin
18 has a péﬂfg\ﬁnéﬁergfs ?.?%stcrﬁ}toéﬂ téﬁ%l %(Izesé)tuffga%gctu()r rent E%@%%'G m | |ianperes
flows fromthe DC source 36 to the LED 24. When the output transis- 5 tor
of the co a hs..i4, the st at the t _Ri N potenti al
of 0 vol tgﬁgédgg{oec(]:ot%??%él ﬂgcul:gr él(r%tgdoﬁgoceén%plllgi S?r%%%sca I(Q)\l/\é%ll}g%r?ﬁe DC
sourcelB86 toetheltidEd 24npTir aaptlgcbupther TREAL s34sed ngoatowupliead| ectri cal
signal's fromd0 ;ihacvpllage COTRAEALDL, 120,108 TRACA4 S NG an optica
means while providing electrical Isolation between them In particular, the
opt ocoupl epPa2Biislaenet e zeek adeen L ehe? ®liscerpeal zeumbent the ocmacheitED 24
flows to the)optacoupleeryinputepi By 26 And tEOtltlQeop%%tc%%BPQi efyghound pin 27.
The flow also 15 allows electrical current fromthe AC power supply 48 to
fl ow from Phe optBcolpl Ere cotticeerst cb R dpPat 3/ + heheloptadEsu- pl er

em ttefsoubpub,Pidl 30t 02 ENGNHGI5e & hshn ElﬁleAQC%owJﬂﬁ%u%ﬁ?cwpdoerﬂgﬁ s
sel ected such that the breakdown voltage between the coll ector output pin
31 and theféfftte BEPHALP YT PicA130E7% AbPEtt B Wi tthdrahle tIREAFE T age of the
AC pover supplYefhBter odhSuAGiROWEr tSUPRINYi48 ProOVirdes ahtenpating

el ectrical currents of 240 volts. In other words, the novement of electric
25 current °BEPTOHIEAl F§ tevistisesed fech itort 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 acts as a pair of thyristors connected in anti-parallel with a
single gate termnal. An anode of the first thyristor is connected to a

cat hode oWothe/messend thyristor 30 while a cat hode of treTfiBzEi/oiibge i st or
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
controlled rectifier. The thyristor acts a switch that 13 allows
conduction of electrical current fromits anode termnal to its cathode
termnal when its gate term nal receives a triggering signal. In short, the
TRIAC 34 acts as a solid-state switching-device. 5 The TRI AC 34 operates
between an off state and an on state!®In the off state, essentially no

el ectrical current fl ows be- tween the MI1 pin 44 and the MI2 pin 46. In
the on stafeé; 8} X FREat ety EnfCEahcH &HIBEPE\BHPW H&SMPCHT 44+ and the 10
MI2 pin 46nkD € tiker cdtn@@élmmﬂﬁalewm exkegaed Gkl tdaiivies eonnected
to the TRIAC 46 limts f1flom/of this elecé fal current. A flow of

el ectri cal 5&??%%?“&818Pa dM}FH8rBaH§EbFﬁI§ acts ?Fa?é%lddlatchlng
nechani sm wibhé nsie nTREAE34esuch that the TRIAC 34 is in the on state.
This latching mechanismis also known as triggering. This on state of the
TRI AC 34 conti nues even when the flow of electrical current to the gate pin
32 is reno¥ed. TRIAG 3donpémues brtivket hen walft agetaamassnt bre Mﬁ&ezo pin 44

and the M2 pLN al | beIOM/gggideeternl ed thresholg yﬁ)

el ectrical curreﬁfﬁfStaé?m Ted oW ﬁéﬁﬁeﬁﬁxph SUACT nower supply 48 and

the gate ptweeﬁ'MhemﬂﬂhglwowbamdtOheE®22®1ené6gﬁZeﬁhEhenoppﬁEnupler 28. In
contrast. Lhepl&ehrifal gl ant, bl aping hetpeas { he M1 P 4 and the Mr2

pin 46 carries electrical energy fromt power “supply 48 to the heater
50 vi alPheMfEiggeried iTREAM 34 diThet heatwdri 160an | exttanmal thesuigr dirdes

t her nal en§ég¥oﬁé%%§@% EQjéﬁéiﬂ%&AHD?étzﬂﬂtEOQ 39u%ﬁ%ft9h%9QﬂﬂR%E9'”g

materi al causing the tenperature o e moulding material to increase for
achi evi ng res eesiangd t enper at ure.

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 MTZ pin 46 falls below a pre-determined
threshold wvalue.

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.



14 I n one exanple of the tenperature control circuit 100, the TRI AC 34
controls the AC power supply 48 that is capable of providing about 1000
watts andawoane/abssel ectrical power. 5 Fig. 3 shows the refraBancesivsd t age
supply 200 of Fig. 1. The reference voltage supply 200 has a resistor
network with switches for a user to select reference voltages. The
reference voltage supply 200 includes a DC power source 10 62 that is
connected to a pair of parallel resistive trinmers 64 and 66. The resistive
trimer 64 and 66 are also known as variable resistors. The pair of
trimrers 64 and 66 is connected to a first swtch 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 out put |n 84 is connected to the plurality
82 of resiﬁ?o?%? CREPERAO 86T SEARSFF ISt CPPhRet B4 Ptchiedt®d to the DC
power sourceIrfi@ whidostranotier rendoddr afuphe 8 rigtatt ikmorpaiid 2@ is
connected to an Hﬁﬁ%& nod 89 of the Ia:fllrst S imlarly, one end 90
&

of the secBrd i 06% Y% sanEEt tW?th8¥%f§?)ﬁﬁéFagoﬂ?Yﬁf 62 whi | st

anot her end 91 of the trlnner 66 is connected to another input node 92 of
the fir wtc 8. put 93 of t ' w tch

connect d ?o aﬁ?ﬁglws ﬁo%e Pc?heq%eé%naugﬂn é%h i gﬁ% geo%ﬁa switch 70
has furthemeouh@ukaN@d@&g@%ﬁqﬁﬁy 9@OItGQa i@@;s@ﬂdnb@&orEachﬂof t he out put
nodes 97, 98, . 99.. 107, ﬁggés%nd 104 ngggé-vggled to the plurality 82

of re5|stors |ch iné a re5|s , resis 74, a resistor 76, a
resistor 78, and a resistor 80. These resistors 72, 74 76 78, and 80 have

dif- 15 feqapt rasistivesyalyes, bor, Piavisdiagadl i srent. Lefenance vol tages.

One end of e resistor 1S co to t node 1l st anot her end
of thelﬁesﬁgtbhaﬂzﬁi§000©©@ﬁ1é@ aop@hECUhppu@lkﬁhJ@ﬁlSFhVQ'@ﬁmmbas manner ,

one end of ghhe, g esj StaL 74.is qanpecked 1 Lhe fode 99, wbil st anather end

of the resistor 74 is connecte to the output pin 84. t he
resi stor 78arsalcbnrrectetdotd thhe Rode ADZXrikinkst EheRePtend it he resi s-

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-



10 tor 76 is connected to the output pin 84. One end of the resistor 78 is

connected to the node 103 whil st another end of the resistor

78 is

connect edwbaotdaossat put pin 84. One end of the resistor PBO/IBRICOFIOECt ed tO
t he node 104 whil st 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 whil st another end of the resistor 106 is connected to an

el ectrical ground. 20 Operationally, the reference voltage source 200

provi des an adj ustable and sw tchabl e vol tage divider structure.

pin 84 is used for providing a reference voltage signal.

predeternlned range of resistance val ues, wherein a user

resi st ance "Gafuk ?QﬁlSEéY?kﬁ%ﬁﬁeﬁgfBﬁr%ﬁﬁﬁé9ln?h%l?ﬁ%%ﬁ?tsﬁff

t he vol pome

The out put

The first and
second trimmers 64 and 66 serve as var- 25 iable resistors with a
may adj ust the

68 is used for
el ectrical ky1esgecti ng the 30 node 93 to one of the nodes 89 and 92.
Simlarly, the second switch 70 is used for connecting the node 95 to one
of the nodes 97, 98, 99, 102, 103, and 104. 16 One of the first trimer 64
and t he seceadetd iadnTehebbesidtdrone 0§ ddiecresdistOrthe72o0dd498 76,1148, and 80

togethe5a3%t§¥ﬁ$§er |§t %%gﬁgggr a voItaggUQ{V|d? ?ggéﬁigegglng down

voltage

signal of B8he Dukpuhmpﬂmr84nnkm ODEepﬁ&Bwﬁ|EhﬁEMh0¢t©t Usiig doe reference
vol t age su 0 i des rihed user ad s the. res
RB y@%Q: t%g %% suchw?ﬁa§ nothe{rI g(&yﬁ%ﬁ re81%%>1

of the trlnners 6 ese mrer's

and

tance val ues
have t he

desired ressstameetedl testhe output pin 84. One end of the resistor 76

is connected to the node 102 whilst another end of the resis-

10 tor 76 is connected to the output 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.



The user then rotates the first switch 68 according to different nodes of

pl astic specification. The first swtch 68 is rotated such that the node 93
i s connecweadotxoiibdse node 89 15 that is connected to thepCmiirmar/nB4senvhen t he
injection-moulding tool is in a standby or waiting node. In the waiting
node, the injection-noulding tool raises the tenperature of resin material,
which it contains, such that the resin mate- rial is ready to be used
produci ng nmoul ded 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
trimer 66 when the injection-nnuld;gg tool is in a running or operating
node. 25 After this, the user rotat the second switch 95 according to
type of noulding material used in the injection-noulding machine. Put
differentl9?et%g1ﬂﬁﬁél§8tdF”PW@rs@édﬁHi§ﬁF16ﬁc@%jGGHW@8 s°% d"'dfe of the
nodes 97, 98¢ 99,trk02es518%rand, 104, acgordi, ngnd st hegtyper ofi youhdi ng

mat eri al used, 30 T% out put pin_84 provi.des ref erence yol tage according
to the ConRBct et or (BerEbiet 3 FIEFS G4 6r 64 R KEGOF G Lot he
connect ed reststors 9%e 98,pBRr $02rcd (B3, torpidide Thel Reshadrice t he
conbinagion 9{ one .of tri rs 6% a d.668%s wel |l as one of resistors 72,

74, 76,78 0r*80 ¢ nt ended 6 Provide °a‘reference voltage for the

vol tage conparator 12 of 5 Fig. 2. The reference voltage corresponds to a
particul ar .node of _an.injection-noulding.toaol _and to_a e of ul di ng
mater i al uSBAUBy HHE PhF ELTT . FoulE G ool ST AN redr bt he s FE Pat | on or
vari ation @00the deesirsbed o/l .10 Tder #ljuE8s Ore 8@sdahabes eldlnenat ed by

adj usting e I t trd I y ure the

Vel Ues of Phe t ey g b h T Shat har LR R T Bar o oy b ey 7,
78, and080hes¢ nighca deslired metsarstahbe |l velore -exanpl e 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 trimrer 64 has a vari abl e resi stance
rangi ng f r BReOugHnghes 100Kteshrivge 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.



20 -the resistive trimrer 66 has a variable resistance ranging fromO ohns
to 100k ohns, the resistor 72 has a value of 196 kil o-ohnms, the
74 has a weal2or/1ab85969 kil o- ohns, the resistor 76 mras/mm2oaaabitesof 137
kil o-ohns, 25 -the resistor 78 has a value of 118 kil o-ohns, and

resi stor
val ue of
resi stor

di fferent

bel ow. 5 When the injection-noul ding machine is processing acetal

80 has a value of 102 kil o-ohns while t he resistor

resi stor

t he
106 has a

390 ohns. The resistors 72, 74, 76, 78, and 80 as well as the

30 106 have a resistance tol erance of 1% although other tolerance
val ues, such as 0.1% 2% 5% or 10% are also possible. 18 The above
trimer and resistor values have a feature of allow ng the reference

vol tage supply 200 to provide voltag57values that are suitable to
resin material for injection-moulding tool. This is illustrated

Pprocess

pol yoxynet hyl enert,POM): sahgirialiocands tdhe iofj eethwn-sTeul dhagsdgrashi ne is in

the wait

nod the output pin 84 ovides 6.3 mV (mllivolts), that
correspondgeﬁ% %FtQﬁﬁp8Eaf %§Pﬂ5809516 ’dzérezg’Cﬁig%uésmh?ﬁ%gqeﬁ the run
node, the oubplde P HeB84rproyivdasafe 641V thrat oToaFesPONAS8at®@ d2r €SI N
tenperature.of 21Q.degrees Celsius; polypropylene (PP terial
ol et hy1 S ( Pe) Tt GFFaTe "5t P TATE JGHEC PPV nit AdFBRE. Sty ane
andd¢ hef iamj eot eontarowlodil Agngrachilnenidsté ra tdypewaf tmarmddiéngt he out put
pin 84 proyides. 7. 5 _ny ggqﬁlcorreggonds to.a.tenperature of 170 degrees
[

mat eri al

Cel si us whi'fe T H t RE run’ mode, the out put

eria

corresponds to a resin tenperature of 240

10

15

20

25

30

Any resistance deviation or variation of the resistors 72,
74, 76, 78, or 80 can be eliminated by adjusting the wvalues
of the trimmers 64 or 66. A user may measure the values of
the trimmers 64 and 66 together with the resistors 72, 74,

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

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,

-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,

-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

106 have a resistance tolerance of 1%, although other toler-

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

( ABS)

p n’ 84 proovides 11.3 nV that



20 degrees; polyamde (PA) material, polyethylene terephthal ate (PET)

mat erial, or Pol ybutyl enterephthalat (PBT) material and the

i nj ecti orwonoidiiogFomachine is in the wait node, the out pat/IBH1pdI1IEA
provides 8.6 nV that corresponds to a tenperature of 190 degrees Cel sius
while in the run node, the output pin 84 provides 13.6 nV that corresponds
to a resin tenperature of 280 degrees; 30 -polycarbonate (PC) material or
pol yphenyl ene oxi de (PPO material and the injection-noulding nachine is in
the wait node, the output pin 84 provides 9.1 nV that corresponds to a
tenperature of 200 degrees Celsius while in the run node, the 19 output pin
84 provides 15.7 nV that correspondslgto a resin tenperature of 320 degrees
; and - pol ht hal am de (PPA) material or Pol yphenyl ene sul fide 5(PPS)
material andst M ijTecrTon-Mourarngt racki'nesi EaY%lﬁliﬁaﬁéF?‘%%d%- t he out put
pin 84 prOVbdeﬁgﬂﬂm2raWbi@aﬁa&@nt@@@oﬂQ@ﬂ@ozaOt@ﬁnﬁmaﬁuéev@mxﬁéo degr ees
Cel si us Whl|? in the run node, .t he out g Jpr.ovi i des 17. t hat

corr espond¥3t8°a e ﬁr?e?fb]ettﬁ?tlﬁr &° of* Sdgbf es. tléeéflﬁé?ateel%(% i rents of
t he tenper d@bur erngensongmeeMice; 40oar ertalssaspossiddeteli Geldv.shows an

enbodi nent of the tenperature-sensing device 15 40 of Fig. 2. Fig. 4
depicts™an IC (Integrated Crcuit) sensor 54 that includes a centigrade

t enper at ur @hsensor jﬁSeCOM&GrtoelddtLoganaKOiim&QESS}bleqi]:edsa\imgci rcuit 56. The
centigrade_tenperatyre sens orle%S iD ude S .3 grratl)nec[%thurer-1 20._.sensor out put
node 57. In con ?r?fst YOthe ste 80\5\/n CI reui { conpri sesjatfl rst resistor
58 and a seooh@ilrrgesﬂasb@news 1®1ehenwiaxﬁ ntokle, f trstoutgsicspon B8 pre-connect ed

to the tempesaluser s9N30L PUIAL, node, 57 while. anather .end.of. Lhe first

resi stor i's connected to a st ep own out put” no to one end
25 of fhe Qécbﬁbl Jesgiestofe 59 usAnbt herirerideoftut heodsecohd Pesist oRn59 i s

connect ed %Q g%%éﬂd%%t©RQQ%JQﬂ%%ngorresponds to a resin temperature of

210 degrees Celsius;

-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



In use, the I1C sensor 54 acts as a precision integrated-circuit tenperature
sensor, wherein the tenperature sensor 30 produces an electrical signha

t hat corrwepormgodse a tenperature of the | C sensor 54. Pat/igrfi/esiest |y, the
tenperature sensor 55 produces an output voltage that is essentially
proportional to the surrounding tenperature. 20 I n one exanple of the
tenperature sensor 55, it produces an output voltage of 10 nvV (mllivolt)
for every degree Centigrade of surrounding tenperature sensed by the
tenperature 5 sensor 55. The tenperature sensor 55 requires a supply

vol tage of ranging fromabout 4 volts to about 30 volts and it has an
operating range from about -55 degré@9CEntigrade to about +150 degree
Centigrade. It has generally rectangular body with a | ength of about 5.2 nm
(mi |1 et r 8FTPW thh"a 8 BT V15 Sof abolif B3 TSP WSt hOa® deéptift of about

4.2 mMm Theespep=tdownoei BTuideg®BekS; uged for producing a circuit voltage
that is 1000 tinmes snaller than the output voltage of the tenperature
sensor 55. The first resistor 58 has a resis- 15 tive value of about 10

ki | o-ohns apdlifrecseecande r exizst ent50i dlasrarbegpisdiMeneabuer afe about 10
mega- ohps. se resi.stive, val ues.enable the voltage.of the step-down

ot put Todd BY HEE Lt 1 s RSO0 MeLTSHET B Al T R YORt age of the
sensor out patt noge,5Zhe20utmig. pindepicterianet her2 evbodatrentref- t he

t enper at ur e-sensi.ng devi ce 40 of Fi 2. Fiag, hows a.t her qupl e sensor
61 connectgao?%Ff%%acgem ?%%6Felﬁfo?2%fﬁﬁrﬁgsd%%ﬁgﬁ' 8?1% é‘n%%FnDcouple
sensor 61 rsncordrecttéd dvotraut eliecttiwalvigiecuhd. 250Wviihke ewotdsgponeénd of t he
t her rocoupl g §Qﬂ§8§1§%mﬁ% ggﬂgpggeg6éqk%ﬂgegnput 16 of the conparator 12.
The thernocoupl e sensor yi produces a voltage that corresponds to anbient
tenperafure. Specifically, the thernocouple 30 sensor 61 includes two wres
with dissipgihar Jmial.Loknest tagetber. Ji ane. exanple of . the thermocoupl e
sensor 61, it Is of the J type that incl udes jron and constantan materi al .
Thi s ther meédapress&Asor has an upper operating range of |ess

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.



21 than about 760 degrees Celsius with a tenperature neasurenent error of

| ess than about 1.1 degree Celsius or of |ess than about 0.4 degree

Cel si us. wo2prodossed a vol tage rangi ng from about 5 nV @oirhiBuebipsd o about
60 mV. 54 The conparator 12 receives this sensor voltage as well as
reference or threshold voltage for conparison. Resistors RL and R2, which
are shown in the Fig. 5, produces the reference voltage. 10 Fig. 6 shows a
further enbodi ment of the tenperature-sensing device 40 of Fig. 2. Fig. 6
shows a Resi stance Tenperature Detector (RTD) sensor 65 connected to the

i nput 16 of the conparator 12 and to a voltage supply 36 via a resistor R3.
15 The RTD sensor 65 provi des el ect ri%al resistance or changes of

el ectrical resistance that corresponds to tenperature. In this exanple, the
RTD sensor 65 and the resistor R3 forma voltage divider for producing a
sensor vol tagend e:dheleospatre 20mpt paturEneesens s ,vakt agedcays asponds to

t he tenperature of the RTD sensor 65, | eci al exanpl e, . changes of
el ectrirrgal OPERT & t'UHEEIG Ot hie ﬁi’zD(@é‘ﬁjsjovroqég ggjé %efsvuiégg?%%i%dlté_?esi st ance

bri dge. Thpsa2b exanpleucaihdecupedatfdre FRASHL I Y tthenpenadthweirkhat 1S | ess

t han abput 600 d e Cel sius. Beside ex | es of the_tenperature-sensing
devico 30 BEIRY proviBEd S EHOFnTCOU o SERSHl- a8 B RID Sordor, o as
an 30 | nt egpated Gnucuipt £{drC)akeenséryoltts canaladsto e vplovided ias a

t her m st or nsensor 22.The therm.stor_.,sensor ser
a 557 de

Ves as .
S ar . erating.range from a u - ree %en%‘l rad to .
tenperature-sensf??ve re Igié% tﬁat &? en conpr?ses SEHI%OH uctor materi al

al though cahout -al%¥odeonps i Getceran® c 10r hpol yaeeratdtyerkatandiherr el ati onship
of therm sigp resistancg {0 JempeLatyre s QL eh@Re), with a width

10 of about 5.2 mm, and with a depth of about 4.2 mm.

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



5 proximated using the Steinhart-Hart equation. In one exanple of the
thermstor, it has a resistance of about 5000 ohns at 25 degrees Cel sius
with a tewpenmtuossocoef ficient of about 4% per degree CeCIIIBH11/0310%

therm stor sensor has an operating tenperature rangi ng from about -90
degree Cel sius to about 10+130 degree Celsius. As can be seen above, the

t enper at ure-sensi ng devi ce 40 can include a suitable corresponding circuit
to adapt the electrical output signal of the respective sensor to the

vol tage 15 conparator 12. The circuit may step down or reduce the voltage
of the signal such that it is suitable for the voltage conparator 12. In a
br oadeni ng sense, the tenperature-sé%%ing device 40 can 20 has a negative
tenperature coefficient, instead of the positive tenperature coefficient.
In this cas8®" tHEYerper ATUrE cORtT OIS CiirCuit " IEShear d e Hddsted such

t hat the temperatunessensimagdeyi cel d:drsecoaneciLdrt ot hescampar at or

non-i nverti input pin 169 instead of the conparator inverti 25 i nput
R R R e e R e v R S Mo SR e B g e

conpar at or abaveri invg (maputvqith 14 ansitead af.t he conparator non-inverting

i nput pin 16. D fferent enbodi nents of the optocoupler 28 of Fig. 2
are 30 possible. Fig. 7 depicts a first enbodi nent of the optocoupler 28 of
Fig. 1. Fi ghe7ceohewstan bhtoceupkertidis thatornedudes an €D 23 51 and a
phototrans&g%og Q%ioTh% igﬁﬁ}dpbg gg gt&ﬂh%og gocqg{ REQESQZ“jilCOHHGCted
to an anodé of The CED %ﬁ H1e tﬁe %round o] 279 connected to a cathode
of the LEDabd&.RZThehgohl ect ovhcouwt put tips Figl bs porheetedh¢ orefegeinkect or of
the 5 photggggg %stor 53 and the emitter output pin 30 is connected to an
emtter of the % ot ot ransi stor 53. In use, the input pin 26 is used for

receivﬂﬁg the voltage signal of the output pin 18 of the conparator 12 of
Fig. 2. A ggh'@%!o%\éeg %S’J&?eqeelfnfgaﬁ(g%&% %?qgﬁé agﬁ%pqutcgyé—éjén%i}lé woul d

energi se t LED 51 to produce | rays. ese lrght rays activate the
phot ot r ansidsvoge 59 odichighat- éliget pi ealvscar Renistiancal Fewedratorfl ow fromt he

col I ector output,Pi R3] Lhddie 8Mbbh el Qut RUt il 1 30+ 1B K ¢nB shows a
second enbodi nent of the optocoupler 28 of Flgé 1. 'Fig. 8 illustrates an
t's

opt ocoupl eFOBBATAYRE APt BRBU ér VIBLaFRIUW@eS Yp of FReldvptiodsupl er 37 of
Fig. 7pswherein the phototransistor 53 of the optocoupler 37 is replaced
wth 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



20 a phototriac 39. The phototriac 39 is activated, in the same manner as

t he phototransi stor 53, by the phototransistor 53. This activation allows
el ectri cavocorranssoi s all owed to flow fromthe out put pipoT3R2001/0310%
phototriac 39 to the output pin 30 of the phototriac 39. 25 Fig. 9 shows

el ectrical waveformdiagrans 51 for the TRIAC 34 of the control circuit 100
of Fig. 2 when the conparator 12 energi ses the optocoupler 28. This

ener gi sed optocoupler 28 places the TRIAC 34 in an on state in a nanner
that is de- 30 scribed below. 24 part of a first positive half voltage
cycle of the AC power supply 48, the TRIAC 34 is in off state. The

begi nning part extends from phase an292| e 0 degrees to phase angle 6 (delta)
of the AC Eower voltage cycle. The voltage of the AC power 5 supply 48 is
appl i ed acroSs HHEPRPACC I ONGSer 8ttt Cal-*Chr et S SSedhdet €6 t hr ough t he
TRI AC 44. Afitesr armshobEtén rmgmpahspamlaﬁ@becﬁo]( d@lttea)Lal aaposiughve vol t age
of the sup vol tage 52 causes or induces an el g trical current to

L ow 11 om ERE HC Houer STty CH8THE (1 FOpe BB MG 35 - abif 5 1Phe gat e pi n
32 of the TRbAGA ofThhSrrﬁisﬁerOﬁ:eeie‘&trfdecab canpentture theogateapin 32
trigger or IatchcstheT the TRAC34 smthe on state.
In this”onPStAtE " ThE TR A 6%%?]% s e%fﬁ‘l‘? alt 1§ncﬁr?e(?ﬁ " 5m t he AC
power suppby 48 Wrertnhet M1 1p1 rrna44at10estlrseaheatef Bduvi aomheaHMEZam n 46. The
vol t age acress_the TRLAC. 34 ween_t he 1p|n A4 andth plp 46 falls
to about z%rgog%%ﬁes u‘f\lshus J’?% cu??%etracl\:%rr\ ucts on Whi' T e fhe VSl t tage of the
AC power sueppl gedd-l §eapp¢$ edhaer ossrmmotreaelemBmaSZGHTdmp@ratnnst ate of the
TRAC 34_cqohloues, Lot ,h08,d &5baohnblle Jdor stoposiddice,ball gygle until the
el ectrical rent to t ate p|n falls owa pre-determ ned hol di ng
val ue ahd t*héov@ﬂq@gecawm the MI1 pin 44 and the MI2 pin 46 falls 25

bel ow a pre-determ ned threshold value. At about phase angle 180 degrees,
the TRIAC 34 is placed in the off state. Simlar to the earlier

descri pti ofs € ReolseagedlofvahehAC: povdetaappb§n 48 g sedppt i €d caer oss t he
TRIAC 34 30 whibe an%u@c%ﬁ'&ﬁlre%éﬁcﬂﬁg i.§ reQnducs edabhrough jthe M1 pin 44
and the MI2 pin 46 of the TRIAC 3

trical output signal of the respective sensor to the voltage
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



25 The TRIAC 34 is triggered again at phase angle (180 + 6) degrees. At
this point, the negative voltage of the AC power supply 48 across the TRI AC
34 causeswe i20mossb el ectrical current fromthe gate pi RC3AB2001/031886AC power
supply 48 via 5 the optocoupler 28. This also causes the TRIAC 34 to be
triggered or latched and to be placed in the on state. The TRIAC 34
conducts electrical current for the rest of the first negative half-cycle
in the reverse direction in a simlar manner until the electrical current
fromthe gate pin 32 falls below 10 a pre-determ ned hol ding val ue and the
vol tage across the M1 pin 44 and the MI2 pin 46 falls below a

pre-determ ned threshol d val ue. 23The above steps repeat for the
subsequent I5gower cycles of the 15 AC power In short the TRI AC

34 is confPgufed g ﬁ’hﬁﬁoﬁﬁ‘i‘rbsjtsrtloﬁgé?r n eorlngéFf&t’?/ 2§gé?F| hg® e CO%he TRI AC
34 is enabbedr bay7 tihe cophecoupler a28andtd @rt bre ommcsouphele 2&d s responsive
to the out ut voI ge of the vaqltage co rat 12. _No_auxjliary power

i s necessa §? 1f”E) ggef'f’ncgmﬁ%t? e g%fatggg? he otL}jltepaFDv%]lteF&@ of the

vol t age confparattmr bathas @mlmhlbew@hnedtha B pawan eseur cef Imewoul d

el ectricall ower t.he 25 ptoc Ier 8 suc t hat, t 0 tocoupl er, 28

enabl esgt hgxgg at“r%l§§8 % mec%Hg gpl’ii_RI EAG gﬁ %)'heont S°4Gered TRIAC
34 is in the an stiattert hattlml Ip&mrsotr@semerogy%rom the AC povver-suppl y 48 to
flowto the heater 50 via the TRIAC 34. 30 In contrast, if the out put

vol tage of the voltage conparator 12 has a |low |l evel, the electrical
current from tée DCepowneut sour Cé 36 wsedHgnt edc¢bfjnﬁgetebemlrﬁml ground

wi t hout fI i h 0 pl er an ergising, the optocou-
26 pier 28 Frs Caidce t R THLAC B4 o bo L THe o foar ats S AdSordi gl y
t he enéﬁgyhftg]@mﬁ‘*ﬁsl ACl pavertroupphy m@npmmtdrnmtmtowmow heoigater 50. 5

Thi s conf i aHEarlon ot 1os optocaypher. 28 it D.phe fRLAC Aghas,g feature of

consunm ng | ow e ectrical power. ows a casing 590 for "the
t enper at ur éceon trolther PB@UthPWélé’agr nfg3 59@¢hhhkata Sisapeiet!l acuwerangul ar

bl ock withia 10 Wi tﬂooffl@tp%mfsghmc(lrﬂelclt'oge& &t Wihhsa height of about
98 mMm and with a depth of about
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



The parts of the tenperature controller 300 allow the tenperature
controller 300 to be housed or contained in this small 15 casing 590. This
smal | si 2&Q 2012/110858, enabl es the tenperature control | er PBOAB201/DEIEH aced
near a tenperature-sensing device of an injection-noul ding apparatus. Only
short wires are then needed for connecting the tenperature-sensing device
to the tenperature controller 300. The short wires pick up | ess 20
el ectrical noise, thereby inproving signal to noise ratio and quality of
tenperature control. In short, the casing 590 allows the controller 300 to
provi de an inproved tenperature control. This is unlike other tenperature
controllers that use rel ays and transformer circuits. 25 Fig. 11 shows
different views an enbodi nent a nould assenblg of an injection-noul ding
machi ne. FPGTt 1A depitc¢fs ROTOUE 435knily 2853y e Aemperit di%¥Scontrol I er
300 of Flgsuﬁplﬁ smurhedTrImd he ﬁeuimidxiseﬁbty 563 b3Qidheng part

ection_ap is

i nj ection-noul machj ne i ncl ud a nould i t.us  t hat
p05|t|onedeﬁgﬁ?é?gﬁPﬁephﬁﬂT&”5@§e§b??g%§§ t?hgﬂ%%hﬁﬁg}ﬁ P?&ﬁ‘&pparatus is
not shown bfA Ehe.Al bow¥ %hﬁxmmubgclﬁ;enkl@nla@pakﬁtmﬁelmchude& a supply
nozzl e M/nech The s I as.an _inte rnal cavity and
it is p%glflg%é% next e @8upasd§%g§%ﬁgg éé }g)ﬁeﬁgFrl%g {0t he nmoul d
assenbl y 558pt|is|dmnbudEsdajnmmghotmeaggenbhy 559 being placed between a
nmoul di ng plate 561 and a back plate 562. 10 The back plate 562 has a
receiving cavity 570, wherein an outlet of the supply nozzle of the nould
injection apparat udors prowi dedprhas¢ englecéi Viagoaviet posyOive  The back

plate 562 1.5){gs! efiedytosthe mouh 0Lag o ale.B61 by 15, sui tale nunber of

screws while se eral spac 8 are position etween the back
pl ate 562 amndcaheursehdi hg Ploat ér681th Aeparat esutrem 4This tdepar ati on al so

brovi des 8,8PACEAG3, 28NELe!n, Lhe LETPSHAlUneoponty kgt 3P0 .30d the

mani fol d ass are positioned. Several 1nsulator spacers are
provi ded béﬂmke¢ﬁtq%9cbéeﬁa¥NQﬂﬁ§ent 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 pin 44 to the
heater 50 via the MTZ2 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 wvalue and
the voltage across the MT1 pin 44 and the MT2 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.



562 and the manifold assenbly 559 to keep the back plate 562 from
contacting the mani fold assenbly 559. These insul ator spacers are not shown
in Fig. Mo20tet1eg3acer bl ocks 568 and t he noul di ng pl at @eCPaR2havEILHENI NgS
or cavities. These cavities are provided with nultiple cavity nozzles 577,
whi ch are connected to the manifold assenbly 559. Several stationary noul ds
or dies 578 are also provided in the cavities of the noulding plate 561.
The noul ding plate 561 clanps the stationary dies 578 agai nst the spacer

bl ocks 28 568. CQutlets of the cavity nozzles 577 protrude into the
stationary dies 578. The manifold assenbly 559 includes a network of
passages or 5 runners 586. The runners 586 connect the receiving cavity 570
of the back plate 562 to the stationary dies 578 via the cavity nozzles
577. A pIuFQEiT%ﬁﬁﬁ Jeadt el S WHRICOTTEE FondIrATS sEIf6r 178 attadfied 10 to

t he cavitygnezzl esx 3his dhntheaher segnd teheotossespondengc sensers 582 are
connected to the tenperature contro%ler 3 by wires 584. The heaters and

r TRJLAC Q0 y ¢
sensors ar 8°RBtY sHow*PR° Filp 117018 15798 Gefef A" $én§ecCthcHeat ers and
their sensaurcam: arse bee cprtreeted3t ocd enaoi fotad aspempl 48 5598. | n

operatipn, . the screw nechani sm.i.s _used for receiy] ul.ding.resin
TRteriar ahEor S ATRePaGhet g THE ABLT dITGrestc S0 i nt &F il To%t he

i nternal cavrty of lbhehsdppld twokzl elackte isuppd yornoezzke. i shéheatred such t hat
t he nnuldi@g_éggén nat rialaggjts and changes £o1gcﬁpk£gnfstq;e The

ucts, electri cUrrent neg-.
screw nmechani sSmis al so use or pus%lng the“nolten resin 25 naterial out

of the suppkyveorzifecanteim achicheevecs: viimgeccawn tin of stheldacknpkate 562.
The runner 5,586 gfs the ppnifold. aszently, 592 aLe. Ygdabor.1ianshgrring the

resin material fromthe receiving cavity to cavity nozzles 577. The
sensor $0ar e psedidternsendiing dienpes ataradofthe heo aviet yecnozzltds 877 to the

L emper atur g; ol rold €630, e dbeRPerancas, Lur e £onkLokl gLy 300 uses the

heaters to control the tenperature of the cavity nozzles 577 according to
t he recei vétireenpet aedre- readi ngs of the sensors.

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-



51n a closed state, the stationary dies 578 together novable dies of the
nmoul d assenbly 553 forns internal noulding cavities. The tenperature of the
resi n nmatwoi2al2/adgsen changes as it passes through the r eomaBm1588986The
cavity nozzles 577 are near to the internal noul ding cavities, which shape
the resin 10 material to forma final product. It is inportant that the
tenperature of the cavity nozzles 577 be controlled accurately and tinely
such that the resin material tenperature at the internal noul ding cavities
is at the desired tenperature. 15 The tenperature controller 300, as it is
positioned in the space 569 between the back plate 562 and the noul di ng
plate 561, is close to the heaters afd the sensors. The short distance
allows no loss or a small loss of signal to enaple the required_accurate
control of PtRE Shi dténpersturés 20 % gt 12 Shows FSsehéndtie ofCa

control | er csystem[0@nt hate tficifudastidhed epperasusaycant vollemnodf Fig. 1.
The contro%%er %%SHF 600 iqgludes a first control nodule 603 25 for a
moul d assefdPy €05"5End°a Secdid control nodul e 607 for an

i nj ection-noul ding apparatus 609. The first control nodule 603 is

comuni catively connected to the second contr ndul e 6 via a wreless
neans. 30 #ﬁéSFFFElggéﬁ?%%Tcﬁ%&E e°%6§“¥ﬁ§?ﬁd%%”§'?bf§ e%%gx %ﬁtage suppl y
610, a nozzke gofatelrecdf canrtsuGldg bnd edetcransai tderernodul e 614. An out put
node 616 of the reference voltage supply 610 is connected to a first input
node 618 of the nozzle 30 control circuit 612 and to a first input node
619 of theFtgansimdhiogs apchdied6d4) Posedendenppraturedeocsldoofert he nozzl e
control cikgHit..6 [ o] ted._t d 'ggH; e . th
transnitteﬁﬁgbdﬂF%%Efzngngﬂfgmgnaog? Jf%%gger% 5?9295b?§%%3&§%u§e-sensing
devi celB27wofith hel mobd @& senty 1606t ,out puta redeh629f ofbatte Aozzl e
control cirgui . b S.C C | e heater nodule 631 of the nould
assenbl y G%Qf %%g%%fgngn?%?g}%ﬁgahgggégﬁ%%hcludes a first analog to digital
10 converter (ADC) 632 and a second ADC 634 together with a wirel ess

transm tterpdeyice 636 Ihe fihstulopu,node. 61 pfiuhs thansmtter modul e
614 is connected to an input port 638 of the first ADC 632 while the second
i nput node2623e gfortheltpansii thoePe npeitdssl GT4CcPRtTTHeét ettt AR 1input port
640 of 135 the:seoond ADC; 63411A0:0ut put ROK! 642,10fs Lhe fldst ADC-632 and
an out put port 644 of the second ADC 634 are connected to an input port 646
of the traRSht¥tererdelP ce° 636 PLARCBUR It SpoRTPEZE U -ERRStTANSTICEer devi ce

636 i s conpectedidiecaibhansnditgr appd @Ma 6681y 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 Referring to the second control nodule 607, it includes a receiver
nodul e 655 and a barrel heater controller 657. The receiver nodul e 655

i ncl udes wownrzliesss recei ver device 658 and a receiver aorTaRmA1/6808¢ The
receiver antenna 660 is communi- 25 catively connected to the transmtter
antenna 650 of the transmtter device 636. It is also electrically
connected to an input port 662 of the receiver nodul e 655. An output port
665 of the receiver nodule 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 nodule 671 of the

i nj ection-noul di ng appar atus 609. A In a generic sense, the first control
nodul e 603 can be conmuni catively connected to the second control nodul e
607 via a wred neans, instead of a wireless neans. 5 In use, the second
control noduken®lA il&jé&fﬂ@hfa@lpaaéj:lhl§tjirﬂguaebemlcﬁbﬂl§}’rﬁo@fl@.v\b&hr@ of the
i njection-noul din ar at us 609. The b | is not sho in the Flg 12
for “the SaRETS HGRRens yiRerRaPBaY (a1 16 HRBCST OP tPEaRt vitF s ngiid ng
resin matetricals pddichohsdinesa sol tde gicand asséasng 5BBe barrel is 10 al so
intended for nelting this resin material such that the resin material can
be injected or transferred to the nould assenbly 605. The tenperature
adjustnentRefeth@mbabreheh&nd@hesbemmbpdbdanae imdludienf armatiifondr ecei ved
fromthe flrgémb t.r-Ql jopdul g 603., 15 The first contrg qggple 603 i s used
for adjustlng a enpera?ur%p an 1njection Roz21e bf “the” modl g‘assenbly
605. The i bpektpltendszle is not shown in the Fig. 12 for the sake of
sinplicity. The injection nozzle is used for heating the cer- 20 tamn
resin material received by the nould assenbly 605 and for pushing or
channeﬂDin@hehb@ﬂfééﬁmenéﬁéﬂkaﬂain@@ﬁkvﬂﬂmdethwdﬁMLtyhaﬁebheHMDuld
asserbly 608 Jhe,d enReatife £9gLL ok Ol BE.IR! LEnLesh npLarlal wi thin
25 the injection-noul di ng apparatus 609 is I nportant. Under normal

oper ati ng éénefevisles, inhehd njssetivong norzlite’ 870t he noul di ng assenbly 605 has
only a short tinme to heat the resin material w thin the noul ding apparatus
609 such that it reach its desired tenperature w thout significant

t enper at ur Enoverck 302sRhoots TFhdsStERed 9 portantdiriieridtf ditigPassenbl y 605

rece|V@§ r%ﬁh@aﬁﬁﬂ‘%ﬁh@%r“@frbd%qushﬁfibté%@@?ﬁﬂtéﬁé%er 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



32 Referring to the first control nodule 603, the tenperature-sensing
device 62 is used for providing tenperature information of the injection
nozzl e ofwoheilzmodsd assenbly 605 to the nozzle control ecras2oi1/6s1886¢ 5 The
reference voltage supply 610 is used for providing reference el ectrical
signal information to the nozzle control circuit 612 in accordance to
operating condition or node of the nould assenbly 605 and in accordance to
the type of resin ma- 10 terial within the nould assenbly 605. The nozzle
control circuit 612 acts in a manner that is simlar to the control circuit
of Fig. 2. The nozzle control circuit 612 is used for adjusting electrical
power or energy 15 from an external “dource to the nozzle heater nodul e 631
according to the above-nentioned received infornmation. The nozzl e heater
modul e 631°P8- UEd SF6r Of eTE VAtHg T he° wbiGive V¢l et ¢ar enet gy arid®for usi ng
this energyibeahgeatietshe7gnj ecti on nozzl e of the nould assenbly 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. Simhkatdnsfdileaseensid, ADE 6341 idesusete fwrri ecepy s fugdsher

t enper at ur e- sensi deyjce tem 2 erature pnformation and for nverting
the T eai vel T T i SRS | FHG e S g T Fob Har S THE TP anSH 't &7 Cdevi ce
636 i s usedff oe recd viage t9 abovie nenttiionedy digid &l78i nforuret icen-of t he
first ADC 632 gggﬂkge 30 above-mentioned digital information of the second
ADC 634. Tﬁeytransnltéer'device 636 is also used for sending the received
information to the receiver nodule 655 via the transmtter antenna 650 and
via the regej Nt enna : 3. Re i nd.cantr nodul e
507, the T ocby var Ian Lo e B8 Te he et TR 1 PRe T horRadTon that s
recei ved fronttheawignsndtilars davi cehd3Batteors hendbdiheekoheatmmddonat r ol -

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-



5l er 657. The barrel heater nodule 671 is used for receiving the electrical
energy and for converting the received electrical energy to heat energy for
el evat i ngwvohe1aogser at ure of the bar- 10 rel of the injecriiBmimoiibgt ng
apparatus 609. The barrel heater controller 657 is used for adjusting

el ectrical energy froman external source to the barrel heater nodule 671
according to the received reference electrical 15 signal information and
according to the received tenperature-sensing device tenperature

i nformati on. Wen the tenperature-sensing device tenperature information
can be close to or is greater than the reference electrical 20 signal

i nformati on, HﬂsinmCMesthatth@%emmrMUreofthenDHenremn
material within the in j ection-noul di ng apparatus 609 is at a desired val ue.
The barrel tHé%t%?“%&ﬂnl%l Tt 657 Goes S0t Rebd 1Y BPevabe FRIFEHEr t he

t enper at ur euoé dhenbaceel tpindheebnfertdcenribuy dinghappacaiwsi 668- 25 Wen
the tenperature-sensi devi erature information is |less than the

ref erence BFELHIS épaggﬁ%%lzfﬁPSr 7O this indicates that the
tenperature of the nolten resin material within the |nject|on moul di ng

apparatys 609 is. |ess S|red val u The rrel ter
cont r ol QBS% ?%?Sedeﬁé%gﬁesqi %?gl & at Gr&° §%§ gg?el ofﬁﬁ
|nject|on Avel db Ng-happanad Uss G081y 3&3Bhemusenoﬁmtﬁembemahwe¢aweFerence

electrical sig nahmgggghgagéan%@dtghe Jeceived npgrat ure- sensing device

tenperature “Thf of mat 10 or ‘tenperature con roJfla he inje |onSnDuId|ng
appar at us 609%rhas = theatulr etlgf rpnovrdi I8P .aThenperiay Botuies comnt rok | oop

bet veen ¢ heopulsling assembly 803,200 &ba ol ecil.on- mpubding. aggarat us 609.

Put differen rather t fancti o i ng al one, ‘he second cont nodul e
607 uses§ |mﬁ©$naﬂ|¢@ ﬁp0m1¢H@fﬁ@upd®®@ﬁas§énb$yhﬁﬁgt@otpt@MJd@ean i mproved

te”peratur%eﬁﬁ%@iéﬁreogfttﬁ%idqu%§iQgigﬂgg @Hagbggﬂﬁﬁzolled accurate-

ly and timely such that the resin material temperature at the

internal moulding cavities is at the desired temperature.

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



10ratus 609. A nethod of controlling tenperature resin material for the
nmoul di ng assenbly 605 is described below 15 The nethod includes a step of
t he tenpewetoreétisssnsi ng devi ce 627 sendi ng the tenperat ece/iBrfiionsmsd on of
the injection nozzle of the nould assenbly 605 to the nozzle control
circuit 612 and to the transmtter device 636 of the first control nodule
603. The nethod al so includes the step of the refer- 20 ence voltage supply
610 sending the reference electrical signal information to the nozzle
control circuit 612 and to the transmtter device 636. The nozzle control
circuit 612 then adjusts electrical power 25 or energy from an external
source to the nozzle heater nodule 6 according to the above-received
information. This enables resin material within injection nozzle of the
moul d assefBlIMyTB05 6 be feat®d Stch that tABUY 6895 fatert di”S s at an
appropri at erbesperatrunedu B3 diz .t hesoead iimeutt hedd reansert tier nweduke 614

al so receives th]g above- rrgﬂ%i,oned i nformation. The t,ransn‘i(%# er gndul e 614

| ater convEPEE ThEFEEEFvRY it 6PRRET O 6 EheSHiyt AP F ot ST &P °35
transmtting tiee tthenbaitedr heatuee contamal ker abSAuntdua theer@&ceioren nmodul e
655. he barrel heater controller 657 afterward ad usgf elgctrical 5
energy frofm SRS Ernar 8ot ¢&8VE6%t e’ bdr F8F Heater Siolufe ®7r 4Bcording to
this transpnutped rasfkeobfat oOthel hothee tacanswilt ¢ edcuinf 6AAat $ crvnnediceat es t he
resin materi,al wthin.injiection nozzle, of _t nmoul.d, asse 5 is not hot
10 enough, © hJ(CaO b%rnrerIZlﬁeﬂé?aetrercéﬂﬁ?}%?I%rl €§7Qﬁ%cr?%ual§jegstsﬁrﬁ%rf§gfature of
the resin material within the barrel of the injection-noul ding apparatus
609. The resin I ' th a | isS Ln ed f injegcti. to the
ol d acserbry BOS I E e e oo TE Br e o on oxdrpre o EHE Hhove ot eps
for il lOstecarvontgur(pdSest3q mnchiessexanplA@C abd i tjaechronwhnibuladi ng machi ne
uses the C%Eé%!@tr%ﬁ%ﬁ%?m d29ee 1836 . Th 1 BY £OL 15005 0HL 6l ng gmaehi ne

i ncl udes a nou asse y that receives nolten resin material from an

i nj ecti on- iYbEl diangprappar aredileThe 20s swirdecont riot [agr 18yst emitnéPédes a
tenperat ur g :cont rollser abhags Aadnystscide denper Al ok 588 or tne

i njection-noul ding apparatus in accordance to the tenperature of the nould
assenbly. Frgnsndtshonedals éfer at apengfteghte7am dinrirePadl o Cagsenbl y. 25
The tefmper abur & HRPADE7734 naludes @ nykd sgassenblne et gf enge ¢senperature
line 678 and a noul d assenbly tenperature |line 679. Both the tenperature

| i nes 678 éﬁa @qgﬂ@&p@n60¥§(%%4tpﬁethe 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.



point tOto tine-point t1, to tinme-point t2, and to tinme-point t3. 30 A
nmoul d assenbly tenperature upper control line 680 is provided above the

ref erencewbenpenetsare |ine 678 while a noul d assenbl y t ecpaBziunaIscower
control line 681 is provided below 36 the reference tenperature |ine 678.
The upper control line 680 is separated fromthe reference tenperature |line
678 by a fixed distance while the |lower control line 681 is separated from
the reference tenperature line 678 by a fixed distance. 5 The upper control
line 680 and the | ower control line 681 enclose or border an area, known as
a noul d assenbly tenperature control_band. In use, the nould assenbly

t enperature control band denotes 10 Hn area of tenperature adjustnent by

t he noul d assenbl enperature controller. In other wards, the nould
assenbly t éfper&t éccéﬁt??ﬂlﬁge 4T tesiogieal rBriud G96i figt 8% &vPer at ure of
t he noul d aﬁﬁe@hhymﬂbabohﬁe&wiﬁtﬁ the Jmdhd asserdl ywotenpes@t wia eontro
band. 15 th &4 shows . a hea%er st at us % Eh 682 of the above-nentioned
moul d asseBF§S S Srodl 4 HEs &b Py heater® SEaFUs graph 682 includes a noul d
assenbly heater status Ilne 683 that fluctuates bet ween an on state and an

of f staé In th 0 on_sta ,tE ater g the ngylg ass £Xn
ener gi sed wh NN sctoalt of trﬁo Héat %76 sabl e "I n"dse, a
noul d asseabtgmp@mnematufeadﬁﬂtﬁ@lbérunhamgestt®9f®maﬁen@fmﬂhﬂaheater of

t he nmoul d |y such, that the, tem. 25, peratur t | d assenbly
remai ns at%§§ 2@5¥kto ?ﬁe reC§T§H8gnt%%g€taEu?e:gt%%ﬁegﬁ%u giasgenbly The
heat er of thephbultd.afseniyrgls igsesed dror mpeetvery sheatleier gysint o t he

moul d asseqbly, [ of ehexating fhe . tenpe e Ofgiie siRUL g A5y Jserbly. The

moul d assenbly al'so act's to dissipate heat conduction an
diSSipé@iOﬁlSO intended for melting this resin material 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.



37 noul d assenbly tenperature upper control |ine 680, which indicates that
the noul d assenbly tenperature is too high. The nould assenbly heater is in
t he of f swet2e12¢u0839t hat t he noul d assenbly heater does mot/IBBI1easescheat
energy into the nmould 5 assenbly. Between the tine-points t1 and t2, and
after the tine-point 3, the nould assenbly tenperature line 678 falls
within the nould assenbly tenperature control band. The nould assenbly 10
tenperature controller adjusts the nould assenbly heater such that the
nmoul d assenbly heater injects an anmount of heat into the nould assenbly
that is about the sane as the anmount_of heat dissipated. This allows the
tenperature of the nould assenbly toT emai n about the noul d assenbl y
reference tenpera- 15ture. Between the tinme-points t2 and t3, the nould
assenbl y t BRPeTELH &°1 Fhe 675 §°BEI ow W iobi ¢ ddSerBIytEnIErat ure | over
control |iBen68dy dERiiseil adli atesdt het dhe itenperatpsratate ther20 nmoul d
assenbly is too low,  Thus, the nmoul d assenbly heater is set constantly in
The on ot aPEEESs Shoki by T9ie o0 G R SEnbry O bR oSP AP I 1 e06a3.  Thi s
al | ows t hethrouhakAssenbt yohedtrenitoeinj ect nmaxi num possi bl e anount of heat
ener gy %nto the noul d assenbly. 25 Fig. 15 shows a tenperature graph 684 of
the i njection-noul ding apparatus. The injection-noul di ng appar at us

t enper at ur ehgr apfeG84ei nel tdes sappad) Ut abl es¢eferepcevi éhperatfere | i ne 685
and an | ni egtl ooyl dino.ARPAT aLus emper abure. | ne, 30880 The

t enperat uré Ffne I'S adi Sted"ih'accor dance to val ues o ﬁhe moul d
assenbly tenper@tlurie brper&iB8e t88operdmjngctoodtnoul dirngodppear ahas

t enper at ur e 0 i 7.1 i.d 0 he.r rence

tempor at Ur ST Re EBe 11 1 da S ors Y EPhr Bhce Tammaratur e

i ne 6886 byeaidixadhdinstlamoeuls psbandly, 64A-i nj ecti on- noul di ng appa- 5
ratus tenperature |l ower control line 688 is provided bel ow the reference
tenperature line 685 and it is separated fromthe reference tenperature

i ne 685 byha f¢3Ed diPstanteirThetupperacdentirot ndnper687atanich tshaitower
control 1ing, 63838 ¢nclgse or barder an Argascathed aniknLeetinnapul di ng

apparatus tem
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.



10 perature control band. The injection-noul ding apparatus tenperature
control band de- notes a tenperature area of the injection-noul ding

appar at uswowher|dssot he i nj ecti on-nmoul di ng appar at us t enperaBzmeosiosd r ol - 15
l er is designed for adjusting. In practice, the reference tenperature is
provi ded by a reference voltage supply with a resistance sel ector swtch.
The reference tenperature is adjusted by changi ng positions of 20 the

resi stance selector switch. Fig. 16 shows a heater status graph 689 of the
above-nenti oned injection-noul ding apparatus. The injection-noul di ng
apparatus heater status graph 689 includes an injec- 25 tion-noul ding
apparatus heater status |line 690. This status line 690 fluctuates between
an on state and an off state. In the on state, the injection-noulding
apparatus heater is energised while in the off state, the said heater is

di sabl ed. BOféfritse ot BReisyReid oon il dicdglappar,atthe resPerat tha-
controller Ehaggﬁs t he gtate of, the hq@terfof t he in%ection-nnuldgng
appar at us §0€h°That® thEt eIEFatir &Y of"% HE P AR ct b Aout 8i 1y 38%appar at us
remai ns at fesmnegas ttranthettef ekence ¢Ehmer ahdriea ofelt heataf estrtani roul di ng
appar at s.ngr% rnmore, the injection-noul ding apparatus tenperature 5
controller de St's the reference tenperature of the injection-noul ding
apparatus according to informinformation shown by the nould assenbly

Fenper?t“r%hgrﬁ-gke 7iéaggis éé%qgegafngad%%hu§gpf¥ucg;%'%hethe lec-
i nj ection-noul di'ng appa- 1d"7ar us t emperature con ol ['er conpl enent s,
assi sts, anditcapraoeegyt hedtienpepatreareigpifrokeofivdre edputdi@slsenbl y by t he

moul d asse@?5¥ ﬁé”HQEEaEHéﬁnyQﬁf8H£$%ting the temperature of the bar-

10 rel of the injection-moulding apparatus 609.

The barrel heater controller 657 is used for adjusting elec-
trical energy from an external source to the barrel 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 609.



Referring to Figs. 15 and 16 and referring to a period be- 15 tween the
time-points tO and t1, the injection-noul ding apparatus tenperature |ine
686 fal |l swoizbtwrogshe tenperature control band of the injpectiBoni/niigsdi ng
apparatus. The injection-noulding heater status |line 690 fluctuates be- 20
tween the on state and the off state for injecting a certain anount of heat
into the injection-noul ding apparatus. The anmount of injected heat is
related to a period or a duration of the on state. The injected heat is

di ssi pated fromthe injection-noul ding apparatus by conduction and by
radiation. In 25 this case, the anmobunt of injected heat is about the sane
as the anount of dissipated heat sucH that the tenperature of the

i nj ection-noul di ng apgaratus remains within the injection-noul di ng

appar at us {8fpetatifr & Eoﬁ?cr%veﬁaﬁafe%@%e%éhr%% CirHB2 poi ¥t 1 to t2,

t he inject nad: s W di mgetﬁﬁﬁ@ﬁﬁiwtemﬁéﬂﬁﬂuﬁeLeén§ﬁQﬁw%®$céeﬂﬁ@kﬁhure

i nformation of 115‘30 moul d a se % whi ch i ndi Cftc?ﬁdt:hhat the moul d assenbly
tenper at ur &S 1 HEGHhOo™ | 1P ad €8P REhTE ¢ §OPhFS frat P or: - the 40

i nj ecti on- rpul dimg a@ppaaawsaa%nperatwae:ueenbf obteridehangesertche aref er ence

terrpera%urebl?f thet ectl rmul d{é}? d%IH| Lg(tjg%%se;rhllg |6§ sho by a

transit “the' %%%e Eipar 5
Fol | owi ng tLheectmmT—mngl@inq kmapraeheuen@ea tenpedaimI@ntttLhe ﬁﬁﬂu,ert he
i nj ection- rrgul d%n RRaratus tenperature contr oller Z ké‘?ts the heat er of

the inj ect ion- mou n %para us suc%eci(hdt C?her%lrmmt?r?tu of "1 nj ‘ec¢ted heat is
| ess in or defotr’r@ulotnhérir@ tlenpenatiine fsetrhéyi 6) ot omonmbdd dirngmappar at us

i | |
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i njection- ppar at us being coo coo

| ater iLhj eckedsit®o the nmoul d assenbly, wherein the resin material serves
to cool the nould assenbly. 15 Between the tinme-points t2 and t3, the
reference tenperature |ine 685 renmains constant at the |ower |evel. The

i nj ecti on- Ao dhath cdpparbrs. nenpereat trtelreone s ot I'erteglisd &dlj Udtes its heater

such that the heat as@bﬁgif%d%v ithecheatery akhows the 20 tenperature of the
i njection-noul ding apparatus to remain also at or near the |owered

ref erence t enper at ur e.
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



Following this, after the time-point t3, the injection-noulding tenperature
controller receives tenperature infor- 25 mation of the nould assenbly,

whi ch i nawoabesiivdsat t he noul d assenbly tenperature is tPow/iIBman/0fibgs

i njection-nmoul ding tenperature controller then adjusts the reference
tenperature |ine 685 upwards according to the received tenperature
information. 30 The tenperature controller of the injection-noulding appa-
ratus tenperature controller then adjusted its heater for raising the
tenperature of the injection-noul ding apparatus 41 to the higher reference
tenperature. This al so causes the tenperature of the resin material within
the injection-noul ding apparatus to ihcrease. The hotter resin material is
| ater injected to the noul ding assenbly in which the hotter resin

nat eri al aEF%n?TfﬁﬁﬁEPeégetT%éﬁFéﬁbe?%?ﬁ?éCBFtF%%“ﬁbépalﬁbad§§%ﬁﬁry In this
manner, thecit¢ectddan=noss di ng apparatus tenperature controller adjusts its
tenperature according to the nould as- 10 senbly tenperature and thus

provi des a cl osed tenperature control |oop between the nould assenbly and

t he inject rba-rotdcdi hgaapparattus 1for @ﬂpmﬁvbn@aﬁfnpﬁmaturéﬂdnnﬁﬁbeh of the

i nj ection-noul di ng nachi Ci enbodi nment _of Fi t he
control?er sys?%ﬁgﬁﬁb Pu?t?]rnalnéPﬂﬁuP%: %hﬁo??%?%gna %frcﬁ4% 674 The
out put por t766&cafrdihe tecdiiserrapsul ec6b5nifsroonrect ed to an i nput port
673 of the robotic armcontroller 674. An output port 676 of the robotic
armcontroller 674 is connected to a ro- 20 botic armunit 691. In use, the
robotic ar mtcom rolanemid?edd iis1fysedt ton nove ckhes rolotres iarma i 1691 f or

renovi ng f L 1Y t o] ul di 5 d for
pl aci ng thg9¥?£$gﬁ§%%kg§€d?%%g%e%%pg%%Eﬁ%ﬁ?ogg%ggg'e%?ggé%scg?hggckets The
roboti ¢0ar ancent r dlhleepab7<l Jelagetrscoheraldspebd i viemdyiensen decdredance to the

temper at ur g.i, of ofamald o of . e Lenperatyiiessensi ng.deyi s £27 and in

accordance to t reference ectrlc signal information of the reference
vol t age suppryieroouddimheaddariashedohbullded rpain sredeaipl aced itheo a speci al

bin for lapgr consi derahhon mhenqtbe: {eRer ahuresdf asoBhl op @rd the

15 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

20 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.
25 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.
30
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



reference electrical signal information are different froma 42 desired set
of information. In other words, the finished noul ded are not consi dered
produced woader2/dessbred or nornal conditions and further PETUH1MVBHNE needed
for disposing these parts. 5 Fig. 17 shows a flow chart 692 with steps of
one possi ble nethod for binning finished noul ded parts using infornmation
fromthe controller systemof Fig. 12. 10 The nethod includes a step 693 of
receiving tenperature information of the tenperature-sensing device 627 and
a step 697 of receiving reference electrical signal information of the
reference voltage supply 610. The received tenperature information and the
recei ved reference el ectrical signaJ3Qn- 15 formation are then conpared
agai nst expected or against desired information in a step 695. If the

p .
recei ved i ni'6r HatS R CdobS ot et Tt He Wési Fed 1Hdr SORat?on,"the robotic
armunit 69%0transfrrstes mMieshehee fdrenc20tbeshechpakt $ite® @sspgchal bin
for later inspection. This is sho in ste 96, Afterwards, an qperator
i nspects pé??ggi4%%3?P§ebV$ﬁ%%3F%8i!g%%?rﬁfnﬁﬁ8ﬁ1faq? é@ﬁtﬁﬁsf?pﬁﬁatf e received
i nformat i oAroeetiss expectatd crends r2butkescmiebeds i vy theidesi dettdnakor mat i on,

the robotig¢. armunit 691 channel §.the finished parts to.a go art bin,
i ch S RBEr L bR Taeh Tt SO0 Thoue 00F | araR of epat] BR
i nj ecti on- nbubdiag bwadhi nen 30-eaf, Ehgwvn Bk aFinguld & sshowsyarempera-

injection-gguéq&gglggcgggg 400 with the tenperature controller 300 of Fig.
1. The injecflon-nnuldlng machi ne 400 has a nould injection apparatus 410
positioned next to a nould assenbly 413. 43 The noul d assenbly 413

| ncl udes a5t ali onary.gpuk d, ALEROSI L aned pexto .2 poysable oul d 419,

which is attached to a noving app n conpari son, the nould
injectﬂ@n ap-area of temperature adjustment by the mould assembly tem-

perature controller. In other words, the mould assembly tem-
perature controller is designed for adjusting a temperature
of 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



5 paratus 410 includes a nozzle 425 with a screw nechani sm 430. The nozzle
425 is positioned next to the stationary nould 417. The nozzle 425 has an

i nternal waweniyi1d$8 and two heater el enents 433 and 435 Pairtra2owoes1986
correspondi ng tenperature sen- sors 437 and 439. The heater el enents 433
and 435 and the 10 tenperature sensors 437 and 439 are nounted on an
external surface of the nozzle 425. The tenperature controller 300

i ncludes 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 MI2 pin 46' is connected to the heater

el ement 433 via a wire 442 whilst the sensor vol tage input pin 14' is
connected to the tenperature 20 sensor 437 via a wire 444. The reference
vol tage i nPaELPiFTSEECY sETHITTECHEd tRPThECBHEput Bieh °84- of"+<f éfence

vol t age supptyt2dQhabi aht aiduld Wb Bf ercepeeatord He eoatxndh.citheuit 100,
the M2 25 pin. 46 is _connected to.the heater elenent 435 via wre 446
whi | st themgéggd?“Vﬁngggg?%ﬁhﬁsp?ﬁ'ﬁﬁafngBE%E%fﬁﬁ & ?BéUF%ﬁﬁgﬁgture
sensor 439a¥bamnial wiheet448dockheoreter enee neakt agerdynputoptie Mmuilsl connect ed
to the gutgut £gf 84 of reference voltage supply 200. 30 44 and 14
recei ve’volt4ges Yangi ng fromabout 8 mV (millivolts) to about 50 nV or
fromabout 8 nV to about 28 nV. In use, the injection-noul ding nachine 400
is used fo ro- ducin |.astic.nou d parts.while the tenperature
controller%§8ﬁe?%§ﬁ§e l?%ﬁﬁggﬁfrgﬂl?%%q?heg %n%%?%ﬁﬁﬁg g%m? gﬁnt

i nj ecti on- Avutidk ngutechs pendQ0 tefheramuded lingectd orlappaidiius th¢0 i s used
for receivi 0 dj ' i al f i N esin

mat eri al . #Eglgé%ﬁﬁgﬁg&hgﬁggﬁgigge?ggﬁégﬁ'P%Egbuseiﬁ%hgﬁé&?%%?%§nateria

t owar ds0t héeinptertnade cavityll428adfusthe thezmpeld2bssenblYheedtenperabur e

sensors 437,and. 439,818 Lsedifior noend] ng,jsenis, s gkt ages.f \hpe nozzle

425 to the contr circurts 10 100" © The sensor voltages carry
t enper at ur Ehpmiotifariseanbly that is about the same as the amount of

heat dissipated. This allows the temperature of the mould as-
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.



The reference voltage supply 200 is used for receiving a ref- erence

vol tage selection or input froma user and for provid- 20 ing a reference
vol t age swg@nai2/aesserding to the selection for the contrelcTaBzoawpiiesel00 and
100' . The user selects the reference voltage input according to the node of
t he injection-noul di ng machine 400 and to the type of noulding resin

mat eri al used by the injection-noul ding machi ne 400. 25 The control
circuits 100 and 100" are also used for receiving the reference voltage
fromthe reference voltage supply 200 and the tenperature sensor voltages
fromthe tenperature sensors 437 and 439. The control circuits 100 and 100
then ad- 30 just provision of energyﬁ%r of electrical power to the heater
el enents 433 and 435 according to differences between the received
reference ¢8I &G End T'He +E¢eirVEa” t eHberdPhf e- §ensEPeyoftgés. 45 The
heat er el enent 5684133$apdo*4%cara®okléeﬂhé Qfefreeaewlﬁ@nﬁehetab@mmmesoned
energy or elgctrlcal ower E%\ e %%4 i ntended to rai 2% t enperat ure
of the resPROnht erd &F ﬁf?ﬁ?% OPhE % %geagg tYEETGEETT etf Tﬁ Sdet er ni ned

t enper at ur ey Mhﬂb&khdhbﬁaﬁ@Slmlm&ﬂ&fbﬁ|am51hme@tﬂﬁ+hﬁﬂl§iﬁjegpa— The screw

mechani sm 430 is_al so gsed f or _pus éqﬁ%g_ ngé en resin terlal out of the
nozzl e 425%8nd° i MBS CREHoul A 4s 36 VAR The Brovi ébparatus 422 is
used for poSetremMﬁ@cbhEemmmeamke hnmidﬁ%lgnmnim:theeshaat©maﬁpmnould 417
such t hat EEe ngg%gkg gnuuga_%9 apgm§Q%55£atlop:< u%dné§7q%prns a
cavity for recei ving He mol'ten Tesin naterial fromthe nozzi e 425. The
cavity alsop§hapesmthé hnmiéw7resdntMaﬂembalc@ntﬁﬁwdﬁaed@&8mﬂdlpaet. Fig.
19 shows anot di t i,ch_ i fyreh vari a f_the
tenperaturggc%§%%§$ggl%g%?fxfg%dogn#ﬁg%gfg E §£u1 rﬁ%spéggﬁg tenperature

controlOci penptus2@onThel domtd-ol circuits 520 and 100 include simlar parts
that have the sanme part nunbers. 25 The control circuit 520 conprises a
thyristor 525 that replaces the TRIAC 34 of the control circuit 100. The
thyristor 528 hakecdiocanodel HieniPRRRrE2P ansdraredttfodentephimald 528 with a

gate term ﬂ@£e§39“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



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, thwothiriiesser 525 essentially does not conduct elpectiB20aabs1086 r ent
bet ween the anode term - 46 nal 527 and the cathode term nal 528. In
contrast, in the on state, an electrical current flows fromthe anode
termnal 527 to the cathode term nal 528. 5 The thyristor 525 can be pl aced
in the on state by a signal at the gate termnal 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. Wiile the tenperature contro
circuit 100 wth a TRI AC provi des a Ul | "wave 10 control of the power
supply 48, the control circuit 520 provides a_half wave control anly.

Fi g. 20 shBWB&t'ett Felal  wat/efSr AT AT aldt 46 5355 FUI°St HEMPRYATET0PT525 of the
t enper at ur ene ot Yt iohF Gt 1div0 appaFhighs. 19 15 when the optocoupler 28 is
energi sed. Referring to Figs. 11 and 12, an alternating supply vol tage 537
of the AC power supply 48 is applied to the anode term nal 527 of the

thyri stor 52bth&fhdAl, atbegi mpicgopatdulofinghepbsrstuspasmnpévechal f cycl e of

an alternating supply voltage 52 en th hase_ angl the supply voltage
35 s I oo PRORC MR BT e Faborens TeRECE Ry Peed, Shas et he ot stae
is and it itsomotodlrdiggesgech ridmsPatcdidifrer ent Lyfomo infbggeriarg sdiognal i s

applied to, th at e .tern nal 5%0 of .the thyristor, 525. Under these
conditions?ytﬁ%gf%V?ﬁs 3?@§§§7 0e8 not  co %ﬁ%ﬁ gféctrical current and the

vol tage of the AC power supply 48 is applied across the thyristor 525. 30
At the ph . ta). t i £ f th
€p a%ﬁléﬂgérﬁoﬁ%l@g% fc)cjé%%glreﬁgsbn\{ Jt?% gﬁg%v&#l"o%-\‘n%hﬁéﬂﬁ%\garpp%_e power

supply 48 causes el ectri curre romthe po supply 48 to
t he colPectreruputgwerpinrgdlsontgof her 4omedietnerts piass3d®tandand itthe gate

terminal 530, Ihis.fLouo0f GLRCLELEAL) QU RADt, {11 DGRLSOT, I Ghes the

thyristor 525 such that e thyristor 525 Is the on state. is allows the
thyri stor B528ld o TeAddrt teliru@Etivcal ceurrdnerfrom t he AC power

Referring to Figs. 15 and 16 and referring to a period be-
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



5 supply 48 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 t hwoheeta0ss80. This conduc- tion of electrical cecrantoicesisanues for
the rest of the first positive half cycle until the anode current of the
thy- 10 ristor 525 falls below a particular holding current at about the
phase angl e of about 180 degrees. Thi s non-conduction of electrical
current by the thyristor 525 continues until the thyristor 525 is triggered
again at 15angle (360 + 6) degrees. The configuration of the optocoupler 28
as a switch between the anode termnal 527 and the gate term nal 530 of the
thyristor 525 provides a very snall‘%hgle 6 (delta), which is 20
essentially constant over tinme. Alnbost imediately after rising from zero,
the suppl y=0oftade WoHl a2t erer rhger Y RE “EhYT ¢ stBrt 825°F fS5M% 5t he LED 51
turns on thecopiooceupketed@ratiuge 24 showsjact wdi-hernlenhedgment, which is a
variation of 25 the tenperature control. circu 21

it 100 of Fig. 2. Fig.

depi ot s a CAHBEr attfe Cont T8l i Fobi 1 S0 TRE EEntFOr™ ErrEdiT 100 and 500
have sim | acupartisne Fhe so M llarwepalésclhave the sanme part nunbers. 30 The
control _.circuit 500 has an el ectrical current conparator 502 that repl aces
t he vol?age conparator 12 of Fig. 2. The current conparator 502 has an
i nverting Fnputwipion the51amer immgnon- t v erdtfiemgnaptdngeirat506 Wwirteh 68A, out put
bin 507. 48, The, Current  SOMMALALRE, POZ.d Rehiides: &/ 2hegs: fommarator 592
with a first resistor

justs the heater 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 low-

ered. This also leads to a resin material within the 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



594 and a second resistor 596. One end of the first resistor 594 is
connected to the inverting input 5 505 and to an inverting input pin of

t he vol t aye 20tvmpessat or 592. Anot her end of the first re®C3tB011/85188NNect ed
to an electrical ground. Simlarly, one end of the second resistor 596 is
connected to the non-inverting input 506 and to a non-inverting input pin
of the voltage conparator 592. Another 10 end of the second resistor 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
t enper at ure-sensi ng device 511. In ohe i npl enentation of the tenperature
control circuit 500, the electrical current teggerature-sensing devi ce 511

produc- 20%8s“%n Wﬁﬁt Lot TR AP RUrT RN E - proportisonar i 9" dbSol ut e

t enper at ur eembdteo@xhbbi thd1g-cannoub pattidinpedancecaf igreat&snt han 10

nmega- ohns. |t gferates wth a suggl% volgggg raqgin from4 valts to 30
vol ts. AftBPUtatTDraPPont T - Drodacess 2982 At by ér?%éPeEaE?rje? éfiper at ure
of 298. 2 Kehvén,imkicebdi so 2hedeou2bigy eascopl ¢i s, whand the cartthe used to
measure a tenperature of not nore than %gp gergreeglcms;fusli erationally,
the el edtricat” drERtirafet encastippts 509 "pFoviHtes “aCf ef'st &it¢é el ectri ca
current asisel ecdeedlly a user

In this manner, the injection-moulding apparatus temperature
controller adjusts its temperature according to the mould as-
10 sembly temperature and thus provides a closed temperature
control loop between the mould assembly and the injection-
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



30 according to an operation node of a noulding-injecting ma- chine and to
a type of noulding material processed by the noul di ng-injecting machi ne.
The el ectwDecal2/1aosspent t enperat ure-sensing device 511 pPOTIIBEE1/651986

el ectrical current corre- 49 sponding to a tenperature of the

nmoul d-i nj ecting machi ne. The current conparator 502 provides a conparison
signal according to a conparison between the reference electrical current
and the electrical current of the tenperature-sensing device 511. 5 The
control circuit 500 changes electrical power to the heater 50 according to
the conparison signal. Referring to the current conparator 502, the first
resistor 594 is used for converting the reference electrical current 10 to
a reference voltage for the voltage conpar at or 592. The second resistor 596

i s used fofieﬁbﬁ%rsﬁtnafth%f%“@&ﬁf’ cal” APFEntOBTS ¢ H&t EhpetHUr e- sensi ng
devi ce 511mbardédereohtagescanmpaeat orodhd2d Ih@eNQkkﬂgedC@ﬂn&ﬁﬂer 592 is
used for providing the c ri son nal enentation, the
conpari son gPﬁﬁﬁﬁqﬁ P8938$§%§HVSFP§§3“§‘&ﬁaPe%??%dﬁﬁh E?p%ﬁﬁmhl G refer to
an el ectrieal pgtrsent signal. 20 Fig. 22 shows a variation of the
conpara%or 12 of Fig. 2 that includes a hysteresis nodule. Fig. 22 depicts
a conparator device 700. The conparator device 700 includes a conparator
702 with ar25. nbh:ﬂmmeraiﬁgwimmattn©ﬁkvm@@.sa@p$nM@mmbngoa@ﬂﬂeinput 706 and

an output ng go g%g‘The sg%%% S nndg_ first tesist 709 and a

binn orma 1on
second resl's Ohe’ irs SIS or 789 1's°connected 30 to a

first |npuﬁrpmnu%ﬂrowhrbbl@moﬂheame@ﬂ mmLthé.flrst resistor is connected to
t he non-inverting node 704 and to one end of the second resistor 713.

Anot her end of the second resistor 713 is connected to the output node 707.
I n contPasffheb@ethod 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.



the inverting node input 706 is connected to a second input pin 715. In
use, the resistors 709 and 713 serve as a positive feed- 5 back circuit.
The i nputwpizni27ti@sses used for receiving nmeasurenent vol PagasB2oahibiiesa he
input pin 711 is used for receiving a reference voltage Fig. 23 shows
a diagram of relationship between input voltaglO0 es and out put vol tages of
the conparator 700 of Fig. 22. On one hand, when the neasurenent voltage
i ncreases and approaches the reference voltage fromthe negative direction,
the hysteresis nodule allows the conparator 702 to change 15 state when the
measur enent vol tage exceeds the reference voltage by a pre-determ ned
val ue. On another hand, when the neasurenent vol t age approaches the
reference voltage fromthe positive direction, the hysteresis nodule all ows
t he conparator 702 to change state when the neasurenent voltage falls 20
bel ow t he retet@ice avekhage 48 anpleddetesmhneshaa) neulfindathigssaanner,
noi se near the reference volta | eve | d npot. cause the conparator 702
Ble TGy Fiea gt

to change $t8P%’ "SXUTHPs® MBUHE P @S F1 Yt port & predenting t he
conk5 par atetiddzdoaertchatry .ngnstatea mren , t hige measdr engatt val tage i s cl ose
to the reference valtage i g. 24 sho a variation of the co ator 12 of
o 5 PhteRASTuRe ARk R RIT drodirE. & Mg e Haa e 2 conpar a-
30 tor devirbe 72{xlecorpbi 3 ng =d tconparmet:ar t328hav 4thataohbrgtmedm pl e and

hol d nodul 25.and with cond _sanpl e and_hol d dule 727 .at . its input
Corminal - The SARDIERA 151 A nodll Do r9e Tand 727 Tavarsi Wi 4Fparcs, 81
The sanpl ecaadeitd d3pdudl et IR yithctude raebprsdimapacptoat 29 seonnected to

a first swileh 731 and,00 anfd hSL.LRRUL o0l s} he, Comparag af723. 15 |

use, the no operat es between a sanpling node and a hol di ng node. In
t he sanpl i ngupede;urchesswtcH373andohtfectrs nhent’a2d cpapaceéxiorrned an i nput

signal, wherekn.he iR, SIQ 405,

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 1007, the MT2 pin 46’ 1is
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



nal charges or discharges the capacitor 729 such that the 10 vol tage across
the capacitor 729 practically is equal to or is proportional to the input

si gnal . Iwoholxdiioggonode, the switch 731 di sconnects thePrcapBmii/of19829 from
the input signal. The capacitor 729 produces a voltage corresponding to its
stored electrical charge. The input pin of the conparator 15 723
experiences this produced voltage. In short, the sanple and hol d nodul es
725 and 727 nmeasure voltages of the input signal by storing electrical
charges that correspond to voltages of the input signal for a period. 20
The nodul es then produce a voltage corresponding to the stored charge for a
period. The sanple and hol d nodul e hes a feature of preventing varia- tions
of an input signal that may affect the conparator. 25 In a general sense, a
conpar at or 28aAnT hav& ot h The SarpFe"&mf HoPE ot € &Y Wett a9 the

hyst er esi stpogid e 56 gv @b Shewabant | hjrectboabsmulad ag. machi ne 800 with an
im 30 proved pressure controller. The injection-noul ding nachi ne 800

i ncludes a die assenbly 812 that operates with a nould injection apparatus
811, whi chihsufd Xethet Ongeamicih-neubeth833.chThe 1@ ms' dsed fsr alr®e known as
"moul d" _or "nol d". 2 The dje assenbly 812 includes a stationary die 813
and a mvabie™ emﬁfi.lcfﬂ%“ e\?aﬁﬁét%ivé%slfﬁ% pogiTiP5HET %Oe%rotﬁégf he
stationary3dbei8ided oa cdrosedlpogithonempheanovablfetteeiBiktt5oand t he

stationary die 813 define tywo internal nould cavities 816, as shown in Fig.

25. As bett'er se I'n #P%s. Z6 and 27, the stationary die 813 and the
novabl e die 814 al so conprise grooves that form channel s

The mould injection apparatus 410 is used for receiving a
10 moulding resin material and for melting the resin material.
The screw mechanism 430 is used for pushing the resin materi-

al towards the internal cavity 428 of the nozzle 425.

The temperature sensors 437 and 439 are used for sending sen-
15 sor voltages of the nozzle 425 to the control circuits 100

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.



10 817 when the die assenbly 812 is in the closed position. The channels
817 are also known as runners. Referring to Fig. 25, the stationary die 813
i s pl acedwoertz/tiossa first maj or surface of a cavity pl areT8DHiantiose is re-
15 novably taken up and received by the stationary die receptacle 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 hol|ow core, which is provided as a
channel or a runner 832. The runner 832 is connected to the channel s 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 nolten resin from
t he moul d iTRpecddtr appasatds:i38lind hizaughet heed utiere832viAnatnker end of
the channels 817 is .connected to the respective cavities 816 outlets 821,
whi ch 1 61 nFRAYE K AR 600 TR B OFf Ch 1 (LR B4’ 30PTFoRFy Hie 813,
Referring tenfdq.t2ra1iaesecondmpajrotusurdfaceeofedihe maagiriyl pliathen815, which
is opposite . to the first major surface of 53 the cavit | ate 815, is

ol aced RextiTo & 11T 4EoNkT of Eirface St & SFAMETAG RPSTBLETE, which i's
fixed to theemachithe bediB33teFhelclianpi rgmplate B28ei.s al so called a
stationary plate. The cavity plate 815 is attached to the clanping plate
5828. A second major surface of the clanping plate 828, which is opposite
to the fir8hemygaw sgchacesofé3bheschbnpiusgdplat e 828 ngi shelracednnext to an
i njection i rt_83 T i p e 828 i d to the

i njection Egggnfﬁig%%agB%?tfﬂit%%jg%%?%%q%gaégéﬁgggitgédﬁﬁgggggcentral

openi n§0847empby Allisgned with a central opening 845 in the clanping plate
828. 15 Referring to the novable die 814, it has multiple hollow cores in
whi ch longitudinally nmoving cores 818 are inserted. The noving cores 818
are attachédet®odnvovPagrappartdtuss 81:d The povithgpréiogesh8I®varélal so

inserted ipsde & £onenplal %t%%@oh@?;f dct1@dapy ed, 40 tkgeph ongiludi nal  axe
of the noving 20 cores 818 essentially horizontal and essentially parallel

to each ot Réf Wil 4aP| o g st KeE2rbor iy E6rés 848 fogmFpvecHadk afd forth

essenthgl | ycb0; e hoei gontal diskgchdQialhe seredPhate1820 4 s rakso call ed
a guiding core. .
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-



25 The novable die 814 is placed next to a first major surface of a novable
die receptacle that is provided by the core plate 820. A second nmgj or
surface obothe/rmmuossabl e die receptacle 820, which is oppesruB2iooiibg fir st
maj or surface of the novable die receptacle 820, is attached to the noving
appa- 30ratus 819. 54 The wedges 822 are |located next to the lifting bl ock
823 while the lifting block 823 is in contact wwth the noving cores 818. 5
The wedges 822 are secured to piston rods 831 of the hydraulic pistons 825,
wherein the piston rods 831 are adapted to nove the respective wedges 822
towards the lifting block 823 or away fromthe lifting block 823. 10 The
wedges 822 have inclined surfaces 8 that correspond to inclined surfaces
829 of the lifting bl ock 823. The inclined surfaces 827 and 829 are

i nclined i A%tePat N £8St FE- 6V MG BHTECtrEn OF THE ROV nif* dGiFe§818. Put

di fferentl yratde dmehipedi sr fcacesn 821 anrd 829 ate anotiepespendiicul ar to the
nov- 15 inngirection o% %he nnving %gges 818. These inclined surfaces 827
and 829 ar 150 G157 EBhPAE SHAR8AcH Ot her, wherein the inclined surfaces
827 of the wedges 822 contact the lifting block 823 via its inclined

surfaces 8 s 1.l ust ed i Fig. 25.. 20, The inclined surfaces 827 and
556 o Sal SRt ARSI CT RS it PenklE T e e CB ogk BRSonEd 3 HETate: ¢ Lonad
farther frem the glte asseiddly 5802amhert twhié lwedges: B22iasklposirhedned away

or farther fromthe lifting bl 823 imlarly, the Lifting,25 bl ock 823
Soul 3 bacT gL e LELLEDG ROoR e LAY ciEnt L D D ke
posi ti onedvbowayse cwrclreaf erha @.Ct hewdt fauppg ybk&ckit823. tHhetdndfariang bl ock 823

i s guided h | .8 S 30 ljftin 823 is
novabl e esgéﬁ%i§?ﬁ§%§n9%ﬁéﬁﬁbﬁggoﬁ%§féhf%%%?i%ﬁgﬁﬁ#Fegi?H§48§§§ on its
i nclinéd sgrhibces B2%hagedwest stelinedi ég sarnfarlesi827ibfSithergedges 822.

This can be;seen firam FL9. 29 ,,95,JNe hydraulic pistons 825 are attached
to an internediary plate 836 of "a die cl anpi ng apparatus. The intermnediary

plate 836 is also called a die clanping novable plate. The die

Fig. 20 shows electrical waveform diagrams 535 for the thy-
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 & (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 & (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



5 cl anpi ng apparatus is not shown in the figures. The internediary plate
836 is attached to a base clanp plate 838 via a support ring 840 and to the
novabl e dwe 2necamsacl e 820. The base clanp pl ate 838 i spralraB2aabiiegh a nai n
novabl e plate. 10 The base clanp plate 838 is al so connected to a knee

| ever mechani sm 839 that is actuated by a hydraulic piston 841. The knee

| ever nmechanism 839 is fixed to the nachine 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 secured to the base clanmp plate 838, bl ocks the superior ejector

pl ate 844. The inferior ejector plal% 842 is also called a blocking plate.
The ejector pin 824 is inserted in a cen- 20 tral holl ow core of the

i nt er medi afy prat 88360 #1 d%cehfr AT hdT 8w dore bf Phé f19tiYg bl ock 823,

a central bmé&@mugﬂreuefemﬁenﬂ@wabbanduatteaepUash&yazetoﬁnﬁ&as@entra

hol | ow core_of the novable 5 The pres ure ﬁﬁntroller 850 is
connect ed 8%t hE*StVE Fhjecti oﬁSaBﬁafﬁiﬁgagﬁ W & Nh§ET auts ¢Fine 854, to
t he hydrauEHSt@iSﬂﬁnt8250N®ﬁﬂh¢déaﬂfi@ﬂJmme$e852hxﬁﬂdhéOA¢hﬁwhydrau|IC

pi ston 841 via | i,.ne 833. 30 T draullc S
provideg MAPHP%Xessg‘ %L ﬁ§3F§r8§§ %a% oﬁg? @31ﬁ5§0§37 The
val ves 837535efmbhne©teuO@tpmessuoétwaﬂmeeCOhér@hkﬂw 8bltagb®E the

Operationally, the die,assenpl i S 1o g_bet n open paosition and
a cl osed p85| Ton i é e op ﬁMp05|?F%§S ¥ﬁe AoV abl mg%dlehﬁﬁingBp05|tloned

apart or awaynfoomlebérstat duroratycohter@td. fén Wontreast of ithet he cl osed

positi on, the.5 ALl onaty, die 813, 4s; PasitLoned Hext oo he Jigygbl e die

814 such that t e stationary the nova ine the
i nternal nodbdocahdt ifesl 8161 cas ashewniduiaki §ol@dbmg F}uggenﬁaaiara@oz?

illustrate g ngrml _vghy Qﬁﬁh&'?@oWﬂﬁh%eéo Figs. 29 and 30 illustrate a

reduced vol une position. e noving cores 818 are novabl e between the
reduced vol une position and the normal vol une position. As better seen in

Fig. 27, whensthe digsassenbloyr 812:48idN %ﬁr&@ﬁt Glosed PQi i{dQR and when
the noving cores 818 are in the nornal vol une position, e novi ng cores

818 do not °BP otk tihecsuttiets t@zfltbfr%frrévrcﬁaﬁneqs sgppered again at
15 angle (360 + d) 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 & (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.



Fig. 30 shows, when the noving cores 818 shift to the reduced 20 vol une
position, the noving cores 818 block and cover the outlets 821 of the
channel s M020uabssbhat any nolten resin within the outl @CT8R%11/851986 cont act
with the circunferential surface of the noving cores 818. The bl ocking
prevents the nolten resin within the channels 817 fromflow ng out of the
25 runner outlets 821 into the nould cavities 816. In this reduced vol une
position, the noving cores 818 al so reduce the volune of the die cavities
816, thereby conpressing the nolten resin, which is take up therein. 57 In
use, the novable die 814 is p05|t|oned by the internmediary plate 836, which
is nmoved by the base clanmp plate 838'% The base clanp plate 838 is in turn
noved by the knee | ever nechani sm 839, which is actuated by the hydraulic
pi ston 841. The 5 pressure controller 850 controls the hydraulic piston
841. The imher@@ﬂ&ﬁﬁycphﬁ&ﬁﬂﬁﬁﬁSOaHibﬁhﬁﬁkuatedL&Mﬁhcbhﬁériwmﬂﬁwes awnay
fromthe stat %%y die 813 or&% war ds the stationar g g en the

i nt er medi af'y " I§§6rﬁﬁb%ﬁ?r FPOM tHECTO ETHTGha % dléméfﬁ t he
novabl e dief8&43ahsetnmyesS@Mﬁw9ﬂrDﬁhﬁh@e&taﬁlﬂﬂaﬂw dihee8dihd dnenter into

t he opeg pgggtlo of _the dlgiassenbl 812. S gllarl when th%‘lnternedlary
plate 836 irs°actlated"t BWAF'd e *8F At iforary %‘§f§‘th%O%%%E%Ie die 814

al so noves 5pdwakrh thiae shat®bnamyfdket&$%1E®0a33$unbdmhet&& o ased position
of the die_assepbly 812 he..noyl d |nject|o apparatus 811 is sed for
recei vi ng rgg?%rﬂ% er Png %?ﬁlgﬁ "9 ePEe?g q*%gefggélved'ge5|n pel l ets
are intendédof o dqmaadtﬁ@1an¢hkonop+as&u¢ungngmby:@O§caemr2ﬁ6ﬂmohan|sn1of
the moul d i j . r.at i n on d by the
controller gggfékﬁgl% ggt g?ﬁﬁﬁéﬁgrg%gggﬁ.ﬁ?ﬁﬁ%§§¥5'§€§p %#Q#hgludlng

pl asti ¢Pzersdi ot c-hicheeresd nrgpelsitets>9The phastiitidzars ageedectasced i npart
erxibiIitg oUprkability, or stretchability to the resin pellets. The 25
noul d |nject|on apparatus 811 is also used for heating these resin pellets
such that the resin pellets are in a nolten state. The nolten state all ows
the resin &g Q@piﬂla%%ﬁd i o hhenpoul 0, cavbhi 65 BB 0f st gy i g.assenbly
812. 58 The nolten resin is intended for transmtting fromthe nould

i nj ecti on &ppar REStitat MPEUGH Tt hefeianter sBBRI OO Mheli bandte i'Rsert 826,

t hr oughst h@nwp@ﬁ{gs 1814r @nd dolr oughy the.tunper . oWilet s1 8117 Lo Lhe noul d

cavities 816
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-



5 The moul d cavities 816 are used for receiving the nolten res- in and for
formng the received nolten resin into a predeterm ned shape. The forned
resin solwdaizbizegossben sufficiently cooled to form noul diPogaBzmi/pFioghucts. I n
the open po- 10 sition, the stationary die 813 is positioned apart fromthe
novabl e di e 814 such that the finished noul dings can be renoved. The

ej ector pins 824 are used for renoving the finished noul dings by urging the
fini shed noul di ngs out of the open die assenbly 812. 15 The pressure val ve
controller 851 actuates the proportional valves 837 to control the
hydraul i ¢ pistons 825 by varying anount of force applied on the hydraulic
pi stons 825. The anount of actuatiorfds in accordance to pressure neasured
by 20 the pressure sensor 834. The hydraulic pistons 825 is controlled by
pressure vaP9eICHhtPoll BT B5T 5 posi oA the teleSpast Fve Wicdgdses22
towar ds theuktéiti n@mbboekoB823 20p raveye d r:omvinhgri dd isAgnbl otdcB23ng25 The
pressure valve controller. 851 receives_pressure neasurenent values fromthe
brossure sCRsOrCEIATITRE T dEEr 61 FeaeUTaRERt - VAT Uek “dof PESPENA o ¢ he
posi ti on ofththel avadges 1 822- reHie offealstlrethppt-essik-es prsavigdesy feeedhack
informatiop, to the pressure troller 830. 30 en the wedges 822 are

bo5: 1§ ofed TP OVET IS Thes TFFL g Cbr ek 825 PR SgRs 2825 eV 1525 pressur e
force on the b0fdadaegdbhocko 828 tompaviesdrheibhétii ng bl ock 823 together with
the 59 noving cores 818 towards the stationary die 813. The noving cores
818 then assune the reduced volune position. In this position, the
hydraul i c pestonsid8B25 ekertufremtesottratatare50f ansm titedt viesitdterwedges 822,

via the li'%ghn£%tﬂégakfggsconverting the reference electrical current

10 to a reference voltage for the voltage comparator 592. The
second resistor 596 is used for converting the electrical
current of the temperature-sensing device 511 for the voltage
comparator 592. The voltage comparator 592 is used for
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,



5 and via the noving cores 818 to the nolten resin in the nould cavities
816 to further conpress it. The nmachine bed 833 is intended for supporting
and for fweio/tibssost ati onary parts of the injection-noecdilazivesibsane 800
10 and the stationary parts of the nould injection apparatus 811. Fig. 31
shows a schematic of a pressure controller for the injection-noulding
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
conparator 12 of the control 20 circuit 100 is connected to the pressure
sensor 834 of Fig. 25. The pressure Yensor 834 is also called a pressure
sensor device. Referring to the output stage of the control circuit 100,
the M2 pi ﬁh%ﬂb‘feﬁtﬁéngéP%Cl@&’uits79§n]n3ec?t°€ ethe? HydradFFe pi'stah 825 of the
i nj ection-pedl ding apparatus 811 of 25Fig. 25. The pressure sensor device
834 includes a pressure sensor nodul e 857 and a voltage step-down circuit
859. The pressure sensor nodul e 857 has an out put node 861. The step-down
cir- 30 cuirih 859, itmel wdesstoAd 1ML £LS1 BtDKBeBOE andh aosecond feesli-St or 865.
One end.of  the first resistor 63.is7£9nnecte% fo the pressure-sensor
modul e But PAt~ notfe 861 WAT I '8 PRoPhRr " ehd Sof Sthet ¢ r&EerésiS (675863 i s
connect ed toemerst epldevwns outipyt th60imode p8677ahdi ¢ msenefendreafeitrthe second
resistor 865  Another end of the second resistor 865 is connected to an
el ectrical g?ounfﬁ%f PR use, The pressure sensor nodule 857 is used for
nmeasuring a pressure of a fluid in the hydraulic |lines 852 between the

hydraul i ¢ pi. st n OROrii I . tep-down circuit
859 is useghﬁbgﬂégﬁgggng %%%ﬁg%}B?o%é%%%fgéﬁ%?ﬁ%ﬁgﬁéhng§%§éﬁﬁgg ur enment
si gnal 10f theapt esswue vehsuresmodulles 88pagehot hal0 heFieduted signal is

suitable for the conparator 12 of the control circuit 100.

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 below 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 control circuit 100 adjust the valves 837 to vary forces 15 applied on
the hydraulic piston 825. The force variation is according to the voltage
measur enewo 28ignedsoof t he pressure sensor nodul e 857 an®#CraB2011/051986
pre-determ ned vol tage signal of the reference voltage supply 200. 20 This
enbodi mrent shows that the control circuit 100 can be used as a pressure

controller and not only as a tenperature controller. Fig. 32 shows an
enbodi ment of the pressure sensor nodul e 857 25 of the pressure sensor
device 834 for the pressure controller 850 of Fig. 31. The pressure

sensor nodul e 857 includes a sensor unit 870 and a power unit 872. The
power unit 872 is connected to the s€n30 sor unit 870 by a connection
coaxi al cable 875. Referring to the sensor unit 870, it conprises a

pi ezoel ectric el ement 877 connected to an anplifier device 879. 61 A first
end of theTpéeiﬁﬂhQQEhHCh@hﬁmb@hl87725&Jﬁﬂﬂﬂeﬁt£dh&s@&b&pé@ﬂﬂhﬂab9Of a
MOSFET tranS|stoQﬁ§81 of _t he anpl |f| % devi ce Sa%ﬁ\ ile a secong end of the
pi ezoel ect FPEMET &t 87775 $MARCRI &tt APCal© gt ourdd '893PBF e °Sensor uni t
870. One endeoformcapaeci to¥. 895 is al so connected to the piezoelectric el-
enment fiLrst end while another end of the capacitor 895 is connected the
electrical ground 893. Simlarly, one end of a bias resistor 897 is
connected o tiwe, pﬂezmeﬁebirub ebenerds 1@ tiveesta erthpwhhb enairotaner aend of

the bias r s% tor 8 n_gpn%%ke the %kpcgﬁlcal roggg gg%%edAssource
t er m nal ransi stof 881 18 Connect e to awire of "the

connectiontbeaxi%kx@abhe08ﬁ5>aA dnamm digmail, dBermEin ahet heoWOSEET
transistor n§§1c}lla$r<fé “B?C&egc 19 %E tl@% ectd c%largfébu%g ggéﬁﬁf 1{h| e sensor unit
e g §9. co

870 and to a base rmna i pol ar {ransi stor ect or
term naP ofrol hegdbiguoloas th@ngﬂgp@tosggﬁi§r@ehn@tﬂedi§oeqh@ld@n@ection

coaxi al cable wi e whble a0 S ther: tergnal 1of, 1he i pokar gransis- 20 tor

899 i s connec to the electric groun . Referring to the connection
coaxi al cabletgrs 3l gihagnze sl éhau ﬁ@o@dﬁ@ac%? ftvat tsar rmlﬁd§119he

connect i on,geaxhal c%%QE?tc‘!‘é 9 F%d&’%se' dk,egtg%lde&tr%% ﬁﬁﬂo%r Lated from
the con- 25 nection coaxial cable wire an el ectrical insu ating

materi al . Thé SHERA§CEOHRICCERTES- c%é@?é*él R toﬁetéPe%thﬁ*Haé&Itoground 893
of theisenser unid, i870es this RebBLEENG, L@ Be power unit 872, it conprises

a DC vol tage 30 source 900 with a current regul ati on di ode 903.
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”.



62 termnal of the voltage source 900 is connected an el ectrical ground 906
of the anplifier device 879. A cathode of the regulation diode 903 is
connect edwoaotdogsennect i on coaxi al cable wire and to omeThuBOTI/NEbSOT a
coupling capacitor 905. 5 Another term nal of the coupling capacitor 905 is
connected to a wire of an output coaxial cable 907 and to one end of a
pul | -down resistor 909. Another end of the pull-down resistor 909 is
connected to the electrical ground 906. A positive 10 term nal of a
nonitoring voltage nmeter 912 is connected to the connection coaxial cable
wire while a negative term nal the nDnltorlng voltage neter 912 is
connected the electrical ground 906. °“The el ectri cal ground 906 is al so
connected to the shiel ding conductor of the connection coaxial cable 875 15
and thus to the electrical ground 893 of the sensor unit 870. In use, the
sensor unimh87@ufeﬁebme$yaﬂm uind 1paes slrse adfiohdrey hyidr auBi £nd ian@o852 of the

i njection ng aratus 8 of . Fi power unjt 87
electrlcalrfg‘gE %E?éﬁ heT%%ﬁgﬂ?&%ﬁ ﬁﬁﬁtggﬁdssﬁ%ﬁlTﬁﬁ¥%tﬁ%xgéﬁé&%eunit 870
produces V@khagﬁunqr635p®nﬂjng1EOCI@QaS@bdlthumd1pﬁ£s®uaﬁﬂe'ﬁme eonnecti on

coaxi al _cabl 75 i.s used for. transft r|n electrlc | power fromthe power
unit 872 to" §h§35e§§5%oﬁﬁ?¥ §$8 d”fbr "Prah JéPﬁ|n§ éEVb%ﬁg ge

produced bgltheasemson umikiB7@5t0 an out put ternlnal of the power unit
872. In particular, the piezoelectric elenent 877 is used for in- stalling
in the hydraulic line 852 and for receiving a pres- 30 sure of the
hydraul i ¢ Renee852. sthe pin ezgel.eebrarnd él7eneht 874t ignsoy pdodUdss aan

electricalgggqgﬁgﬁg%e gétﬁﬂfeﬁ%rrg§£&ﬂﬂ%ﬁ%r88véQQj£EC%b¥§QﬂBﬂ%%§Qre The

capaci tor ras re-
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 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



sistor 897 together are used for snoothen any spikes in the voltage of
pi ezoel ectric elenment 877. The DC voltage source 900 is used for providing
el ectri cavoRoomessot o t he MOSFET transi stor 881 and to trhe/b2opobapse
transi stor 899 of the anplifier device 879. The nonitoring volt- age neter
912 is used for checking the voltages of the DC voltage source 900. The
di ode 903 is used to regulate flow of electrical current fromthe DC
vol tage source 900. This elec- 10 trical current flow is dependence on the
vol tage di fference between the voltage of the DC voltage source 900 and the
vol tage produced or driven by the anplifier device 879. The anplifier
devi ce 879, being powered by the DC ol tage 15 source 900, produces an
anplified voltage corresponding to_the voltagg roduced by the

a

pi ezoel ect F'E & ErfenP187 .&¥hi§3aﬁb??T?éﬁX§o 38T PFanSi T e€d°Eo t he
out put coaxtah cadlen8Ofiyia e epnrectd daxe0axd alhecabbtriBy Hed20 I n

exanpl e of e pressure. sensor le 857, th i ezoel ectric el enent 877
can be use§590rﬂ§%ﬁlﬁﬁﬁl%g tﬁﬂﬁ?gr%% e B?fﬁg%fbﬁﬁaﬁé?n?ﬁbund per square
i nches). TheaBd9 Mreoducesy 1GFenBlbi voldtthahee@ves thk psamexperileneed by the
piezoelgctrEg el ement 877. 25 Figs. 33 and 34 show an i njection-noul di ng
machi ne”9562° The i njection-noul ding nmachine 950 has parts simlar to the

i njection-moul ding machine 811 of Fig. 25. Description of the simlar parts
is incorporated by reference. 30 _The injection-mmul di,ng nachi ne 950 has a
e assenbly CoNtE FEed By e wir oged 5y bsbdralBancrar B ds3° The
pressure coppooltiertodbBei §icunmedbedstraaeprésshr elsensoy ©55cand to a 64
sol enoi d vabye 9 iaqhy lic |i .The enaid.v e 7 is also
connect ed ?oghyﬂgéﬁ%f%dcy Hﬁ3€}§“8£§§%F§Ehy3§§%r%%*1anéa'éﬁﬁ%e pressure
sensor 1055cilsmpountrddtreXts tic attpohed ity cavi tyl ®jtecrorepi niB3§tof the
| nj ecti on- goyl ding ;BERENG 9%y THEP OSRULEs SN A250bon Al aghed to a

P gs aligned with a central opening 845 in the clamping plate

828.

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.



pl ate 844 and the pressure sensor 955 bl ocks the noulding 10 cavity ejector
pin 835. The superior ejector plate 844 is secured to an inferior ejector

pl at e 842yvowhixiosss al so connected to the hydraulic cyl ipnaaB208265198he
moul di ng cavity ejector pin 835 extends froma hollow 15 core of the
superior ejector plate 844, to a hollow core of an internediary plate 836,
to a hollow core of alifting block 823. In a closed state of the

i nj ection-noul di ng machi ne 950, the noul ding cavity ejector pin 835 al so
protrudes into a noul ding cavity 816 of the injection-noulding nmachine
20950. In a special case, the nnuldigg cavity ejector pin 835 al so extends
into a hollow core of a noving core 8. 25 The hydraulic cylinders 825 are
connected to wedges 822. The wedges 822 are positioned next to a lift block
823, which™’§ ¥ Qﬁfnﬁéétaﬁﬁt%?Q?ﬁgdnﬁVVhdbeP 818 9P PHE°T %t i on- noul di ng
machi ne 95@nila tihe 1clkesey stiat-e, sbheismivi rRgneotEe 818 ik8e pasiidgoned next to
t he nnulding cavity 816. 30 Fig. 35 shows the pressure controller 953 in
detail. Th&E“préssure controller 953 includes parts of the tenperature
controller circuit 100 of Fig. 2. 65 The conparator 12 of the controller

circuit_100, receives essure sensor si.gnals fromthe _pressure sensor 955
Whi e tRe TREAC S of 2Ehe CortrorTer® diradit “100 Hdj G4t 5 powerto 5 t he
sol enoi d vakvepB&AnsTheS hydreaglinc toyl piden 825s i 41l wdesadaiyedr avl i ¢ punp
965 and an_qil reservoir, 968. The h ulic .pu 65.1.s nec to the
a0l enot d vETVE G5y VLR EC RO SUPEE T ha s P h e hydrkil R0 ey Prinder 825
vi a anot heprhygraaulrioa kheelifdndot blodle &i3l. reservoir 968 via yet another
hydraulic line. The hydraulic cylinder 825 includes a piston 825 and a

pi ston rod 831. One end of the piston rod 831 is connected to the piston
825 whilPe anethetosend2af hatre ipicdtiond rod BBEsi §2' tdrinéctedreardnye tyedge

15822. I'n yges;idh &.6l9sed S1ate ofe thedinhestion-dmul dng; fmahipe
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 1ing 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 1ift-
ing block 823 via 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 lifting 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.



950, the noulding cavity 816 is used for receiving nolten resin materi al
and for shaping the resin material. 20 In a conpression node of the

hydr aul i cwpune/Q669 t he hydraulic punp 965 transfers oi lPCrnBmit/ba9gn |
reservoir 968 to the hydraulic cylinder 825. This transfer causes the oi
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 noving
core 818 towards the noulding cavity 816. The noving core 818 then
conpresses the resin material within the noulding cavity 816. 30 The

nmoul ding cavity ejector pin 835 is used for recei ving the pressure of the
noul ding cavity 816 and for transmitting this pressure to the pressure
sensor 955. 66 The control circuit 100 is used for obtaining pressure

readi ngs fras hhe-essul &c&eNsas 9565 adcaepres dei enfkpesitdeshol d val ue
fromthe re erence v%Jtage s;pg}g 200. The 5 contr.ol cirguit 100 al so used
for adjustPAgEhe VaTvE 957 QEEEFBY nPRHE 8Bt af Hed "G&E LS THY $£0PERoi d val ve
957 i s actaatetk ellect eetadd o dikecvahyvienPbéveslasadtkor Tadjdist i ng force
fromth hégraulic 10 ug@ 965 ogtohthe.hyggau%ic %yli@ger. 25. \Wen the
pressur@ re&ading of FERe* moul'di A§ cavity 816 Feaches a pre-deter'm ned

opti mal | edebyytdieatpr 8S6ufe aqantchelll €5 Ob3sact Lateplbhe 888 erianei d val ve
957 such that the sol eppid valve 957 is closed such.that draulic

oyl i nder BILPRUAS 0P Fabervh Fnj a S pEASIEe o T ar Cact rimy « R hydr aul i
punp 965. basa cElrgagéanedE3Ofist héshydrldeldi e pairp M@6Bpleheldhedraul i c punp
965 transfers oil in the reverse direction, wherein the oil is transferred
fromthe hydraulic cylinder 825 to the oil 20 reservoir 968. The oil then
pushes1fheTptshaore 82BmpnebatoPpdsiit ea Ha ecnnentéd twhiachnehelpiegt on 825, the
pi ston rod I t-he I f t he

nmoul di ng Cg%?%@n%%%%§25t?%:£% gggﬁégggggngﬁ%ﬁgﬂFﬁfggggg%ﬁﬁ%%Td?gg]nachine
950, the ifkheeibyve] eecbanpimtte?842 fixafséd toe wrtdati hgdthe -superi or

ej ector plate 844. This actuation noves the noulding cavity ejector pin 835

for removing the finished noul ded parts away fromthe noul ding cavity 816.
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.



30 Fig. 36 illustrates a pressure sensor 955 for the pressure controller
953 of Fig. 35. The pressure sensor 955 includes a piezoelectric el enent
960. 67 TWe2pixuassbectric el ement 960 is used for recei vCmgBa1ppaSISUr e Of
the noul ding cavity 816. It produces an electrical charge or voltage
corresponding to the received pressure. 5 This voltage is transmtted to
the conparator 12 of the tenperature controller circuit 100. Fig. 37
shows a managenent system 980 for an injection-noulding nachine 982. The

i nj ection-noul ding machine 982 in-10 cludes a display termnal 983. The
managenment system 980 includes a pIurallty of nobil e phones 985

communi catively connected to a serve? 986. The nobil e phones 985 are

equi pped with bujld-in caneras. use, the display termnal 983 is used
f or d|spIa9Pﬁ@a%%H§6ﬁyteﬁ%%ﬁ?ﬁh?és?@%ﬂiﬁ@g ANA"YEL Pl t EH P8t ur e readi ngs
of the injepéhowbgmﬂibdla@dna&hk@edQﬁ&glﬁa3nCpEﬁaﬁai&puaepb£&tﬂamb|Ie phones

985 to generate s g { The, st at us regorts i ncl.ude the regdlngs

di spl ayed 5& tT&Y Bt miTnBP 98P HS WBPF T a¥" Coiiveht &7 oS 1562

i njection- ﬂﬁuhﬂmﬁghﬁBGhBHEDQ&%ntThetstﬁiw&erepﬂﬁkSFQaltabﬁp1ﬂﬁ£|ude

phot ographs _of .t he dis hoto he_.i nj ec- ul di ng
h|ne§98§ta hEEE Do E §¥55h5%8 nﬁf%h£ Hg“%aﬁe?% 4 rzl(gnblle

phones 985 sudhetpbithe ph@mﬂsm985da$aKH1amdusbdrﬁnmbsendlagﬂmh@estatus

reports to.the re erver, 986, The Jreporti server. 986,.30 can

forward the s?a%ﬁg repog fr¥3lnn I ltl ogég ' 985 Q%D tﬁergd%egg such as

superV|sors or nmai ntenance crews, fOf further actions. The report|ng server

986 can al §9.4se,d e sbat i LSRALLS, 10, general & 2algrts Lor, the other users.

68 In a generic sense, the no e phones serve as mo e conputing
devi ces0 5FThés <hbodi pentllaldtoasevi straluckdedbawie trosstperviBers of the

prOdUCt'0”m§%§%%ﬂ9&ege%i§Ey%?ﬂ%9§ﬂ?@tbé% wekher AL ea andqf 95 ifPaved

efficiency o e production |
tion and the normal volume position.

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 volume 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.



In summary, the enbodi nents show several aspects of the aplO plication. The
application provides an inproved tenperature controller nodule for an
i nj ecti orworoidiioggomachi ne. The i nj ecti on-noul di ng nachiPOE/ BB D108
moul ding resin material, nelts the 15 resin material, and shapes the nolten
resin material to formfinished parts. Specifically, the tenperature
controll er nodul e i ncludes a passive conponent network and one or nore
anal og controllers 20unit. Referring to the passive conponent network, it
conprises a power supply termnal, a machi ne node selector switch with at
| east two machi ne node sel ector positions, a material type 25 sel ector
swwtch with at |least two nateri al tjﬁ% sel ector positions, and an out put
termnal. The power supply termnal js used for receiving an externa
pr e- det er ni'RedDC GppPy? fH@e?1$h€5ﬁ§€ﬁFﬁ8nﬂ%&€’§@Fe&$5?m§@l§ﬁﬁtch i's
used for sehettissd,ywbosnedd indgetihey pwenbasyppland enaicpag3d o Teee of two or
more variabl e machi ne nbde resistors user_.can chagg;lposiLLons of

e mecC

. 69 A
the machi n8*iDde €& BLEbY $hi e Actdrtiy S to rodE &fSth

i nj ection-moubdi $8p,manhtneis Hreuused warthal s9dehange piesostarice Tval ues of

t he machi ne_node resi tors fg&oeli 'nq}in%_rgsist n-nanu{ac%%ﬁing errors. 5
The mat8ri &FCtYPE SEMGET o swi-teACT 5 Used Fol Y6t el ¥&f 't dnnect i ng one of
t he variabl e machi ne node resistors to one of two or nore nmaterial type
resi stors. _The. machi ne_nod el or_switch, the variable chi ne_node

Fosi stors. The et aE g Y SEs e or bt toh. SRRt Re MaCRU A type
resi stors aweycomecthedstatigseriregsdiSi $id arl yowardssehecapattharege posi tions

of ‘the matarLal, § YR& SeLRCLON SHELED pGAARd! Yo taRROLLESI N RbEr i &l used
by the injection-noulding machi ne.
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.



15 The output termnal is used for providing a sensor threshold value. The
sensor threshold value serves as a reference value for tenperature control
of a partwofotduaossaj ecti on- noul di ng nachi ne, such as i njpetuBzni/nd2g e. 20
The output terminal is connected to the material type resistors, wherein
the output termnal receives a voltage of the external pre-determ ned DC
supply voltage via the selected vari abl e machi ne node resistor and the
selected material type resistor. 25 Referring to the analog controller
unit, it conprises a sensor termnal, a threshold detector, an optical
coupling device, a power supply termnal, a heater term nal, and an anal og
sem conduct or power switch. 30 The s¥hsor terminal is used for receivi ng a
measur enent _val ue for an external sensor. The threshaold detector is used
for receivitAg THeEboGeiPrent i'0hEéasenstr RPESHOHTVAFEE i "tPHe970
above- nent ianed: SENQPhaiRaSUrEMEeRhryadiieheThenopt 1532l oeotypd ingndevi ce i s
configured.such ;t,%ag t he tfl{e hol d detectaor actuates the optical coupling
Govi oo 5 HRESPOULE - SPETYIH vt RUPITY d9dd PO PCREY B G EREer nal AC
power suppbytldie dgatertiemsundl cdortiprsovidi ng el ectrical energy to a
ext er na% heater for heating a part of the injection-noulding machine. 10
The analog sem conductor power switch is used for providing the AC power
supply frofhtheoAC pewer isuploy ater nseralfotrortheihicat ehet @siemalrewhen t he
optical coyplipg deviege,| s, actuated,, S miharly,. Hhe  anal og, sem conduct or
power switcC does Mot pr ovi de t he AC power supp?ynfromt% AC power supply
term nal 18eterntirecheates. tBraminahedhersinheobpdiTials eobapl swigfidevi ce 1s not
actuated. Lr r i t . | .ag i duct p r_switch does
ot pr ovi e T Re A b aar e Uy P O The A e Suptl v 20y Fonal to t he
heat er 10 er pithadtn whdw thet pptanvaldieolipt iimg rdevicendds aperuatedt tThe anal og
semi conduct gy pAWeY: S¥h § CL A @ebdesnd A AChBOWRS, SURBLY 4L OB the AC power
supply termnal to the heater term nal en the optical coupling device is
not act uat @adves Thee caetuar iromsof2¢ heroptsicdakoe olgslavagades cencan result in
an ener gi sk 88 9'md N s@ndk S@PliQ ngf chbes ;optiheal Souphiyag. devicen\Wien the
sensor neasurenent is ess than the threshold detector, the optical
coupl i ng dévfeelis agrergised such that it 30 activates the anal og
sem copnguct or power switch to conduct energy fromthe external AC power
supply to the heater term - .

The pressure valve controller 851 actuates the proportional

valves 837 to control the hydraulic pistons 825 by wvarying

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



nal . When sensor the sensor neasurenent is nore than the threshold
detector, the optical coupling device is disabled 71 such that it actuate

t he anal ogoxeraassduct or power switch to stop conducti ngcenszogyosipgsm t he
external AC power supply to the heater termnal 5 The threshol d detector
conprises a sanple and hold input electrical circuit. This circuit allows
the threshold detector to avoid variations of its input signal, nanely the
sensor neasurenent value. The variations can include glitches that can | ead
instability. 10 This tenperature controller uses a sinple design using
readi - |y conponents to performeffectively its functions. It is thus

i nexpensi ve and easy to inplenent. 1% The passi ve conponent network often
conprises a pull-down resistor. One end of the pull-down resistor connects
to an el ectPVtd YréEnd: wniT e diotherseid B8R Y HetHEr- doin T8t or
connects taotbe AH pubnt &funalhe Thedpidd ~doune rnesiistiancerd agatsher with the
sel ected variabl e na%hiFe nnqg resistorg% d 20 with the selected materi al
type resi sPOPI T &VolY S8 dicvPURYCR 1 i?X?EFFé9§$Faet??ﬁa%ﬁ?nsor

t hreshol d vabueniartesi gnal tiorweldhesott putvikernd nad £tihkhebt belesdral, d det ect or
can conprise.a h eresis circuit he hysteresis.circuit preyents noise
fron1cﬂ§ng?ﬁa %%%ﬁ%EOPOYh%JfﬁFgghé% %%%gft% EVﬂéﬁfFﬁBu%“sFéthngf t he

t hreshol d detectar saretcl Dselicr eashrotshert.. The threshol d detector
often conprises a voltage conparator 30 to provide threshold detection. 72
rent sensor to a voltage signal. A voltage conparator can then process the
converted Voktmgeigieghatl. 833 isTheté¢hdesHolrdsdepedctioy ead tonprikdéega pul | -up

i it t dri f . 1 I ect T ] -
ciroul t touf,dri e die, out o <of (bhey Livesbal dodatieet abonThe Ayl 1 - up

circuit can conprise a up resist for connected to vol tage source,
wher ei B0t hendothtagaasoaneey praovrisdes BhamiowilAgiciratant thrawagtust he pul | - up
resistor fgr,driving

Fig. 31 shows a schematic of a pressure controller for the
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



10 the output of the threshold detector. The pull-up circuit can conprise a
capacitor connected in parallel to the pull-up resistor. The capacitor is
used to rwdueor/gbssvches in signals across the pull-up resrasmi/osibg anal og
sem conductor power switch can conprise a bidirectional triode thyristor or
a reverse blocking triode thyristor to provide switching functions. These
devices are able to handle high electrical power. For inplenentation, the
optical coupling device can conprise a phototriac or a phototransistor. The
application also provides a nmould assenbly for an injec- 25 tion-noul ding
machi ne. The noul d assenbly is used for shaping nolten resin material to
produce a finished noul ded part. The®%roul d assenbly conprises a noul di ng
cavity, a supply nozzle, and the above-nentioned tenperature controller
devi ce. Th@oggp%% 6z 7P Pt ViCdBS TesiFratler FISHS £he- nutidiFAg cavity:.
30 The tenpatattireheCceBtbod | ©Iside¥iC86T S seyAhed:an tbhenmewd « rassenbl y and
it is provided for adjusting a tenperature of the supply nozzle. 73 The
appl i cati of"Prdvi des an injection-noul di ng machi ne. The injection-noul di ng
machi ne conprises an injection-noul ding apparatus and the above noul d
assenblé. ¥he nDqulassenbhy i s groviq§q_fgg7receivin% resin material from
the inj2ctidn®y Mol HFRG" Wpparacas Bnd for > Shapi g t A8  r&siH 'whterial . The
appl i cati on previues oanet hierid enpehnatiuydracontr blder 33Bduterdeor tan
i nj ection-poyl ding machine,,The f epperatyre, cony trollep,smdul e incl udes
auto-triggeylng configuration for %oﬁ%roﬁ?lng a tenperature of the
i njection-noul ding nmachine. The auto-triggering configuration is also
cal | ed a seLf-Lri dgering; £anfi gusat L of. The t eIREIALULS, £ON 1.l er modul e
conpri ses a passive conpo-

10 reducing the voltage measurement signal of the pressure sen-

sor module 857 such that the reduced signal is suitable for

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.



15 nent network for providing an electrical sensor threshold signal and one
or nore analog controller units. The passive conponent can refer to

resi st or , woapexiivgses, and i nductors. The anal og contr ol IPeT/IBII11/0T198Pr | Ses a
sensor termnal, an 20 anal og threshold detector, an optical coupling
device, a power supply termnal, a heater termi nal, and an anal og

sem conduct or power swi tch. The anal og sem conduct or power sw tch includes
a thyristor device. 25 The sensor termnal is used for receiving an

el ectrical measurenment signal froma tenperature sensor. The anal og
threshol d detector is used for receiving and for conparing the electrical
sensor threshold signal and the 30 etlectrical sensor measurement si gnal
wherein an analog circuit does the conparison. The signal here refers to an
el ectrical voltage or electrical current signal. In other words, the
conpari sonadeessnainduse thygidialzokesehtiqueseihbat 8 Twalsveond-te@nwer si on of
an anal og signal tao a digital signal. This apal og conparison praovides for a
i ok conp AP LR GTEAIIES RN CRReRT S BSOF it r B PO FBF bt SEl og
circuit. 5vibe ¢hr eshakda deteeidoenacs iathes pt Beocapidteak eodepdritng7devi ce. The
power supply term nal .is used for receiving an externgl . AC power. supply.
e heat o “Fer i nattra b s Bebvr iy SPatet ) K gadr gy 574 hearer. 10
The thyri sboradeadeetbs 8%ed s al sprovirdiadtgdano atlHeottiezggesctfrinceiion when
the optical_coupling device is actuated. The actuated, optjcal. _coupling

devi ce aIISQEHEHEEE%CFP¥€§FJ§hFP8n e%fﬂ¥h§QAE&%dﬁﬁ?C§ﬁﬁgl%ﬁ?5sfIom1fron1the
power suppkyntertdachahet el¢dieritchyr pstword dévi.céinilrtllye opeiwal ofoapl i ng
device. Thi,$.15 &leqhii gal GUILanl LLd 99etsio e JIMLISLor deyige such that
the thyristor device conducts or connects el ectrical power fromthe AC
power $Qppkyrseranchahiie athehegaced ¢erifiendlias Thrsitshipri §b'oridepince st ops
conductingngggg&r}ﬁ@ElEQM@{Q;ggﬁ%g?dtgghA(:pomer supply termnal to the
heater term na en the electrical current input signal to the thyristor
device falls below a pre-determ ned threshold. This occurs in each cycle of
the AC powar sSUPR! YerthgM 44 hBevpexdr oyche:sthe agt vat ed, ppid.gal coupling
device again allows the electrical current 25 to trigger the thyristor

devi ce. | ntPh# svin®ér the heonegicil 8B orcaevilc 62b &2 tT15ggér eEr ey dicAmér i s
triggefed autosmticahbyrrfurtheraese, sdihe st hrgshald det et af LonpLi ses at

| east one active conponent and a sanple and hold input electrical cir-

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



30 cuit. The active conmponent can refer to an operational anplifier, a
transistor, and a vol tage conparator, which needs electrical energy for
functi oniwQ.2012750458 t hi s enbodi nent, the thyristor devi ®eeTaBIME0i1986
electrically the power supply termnal to the heater term nal when the
optical coupling device is actuated. The thyristor device does not connect
electrically the power supply termnal to 5 the heater term nal when the
optical coupling device is not actuated. In a further enbodi nent, the
thyri stor device does not con- nect electrically the power supply term nal
to the heater 10 term nal when the optical coupling device is actuated. The
thyri stor device connects eIectricaI:§ the power supply termnal to the
heater term nal when the opti cal ﬁ%?éﬂﬁ device is not actuated. 15 This

t enper at ur &EBM T olT er "Fotul €9°s S8F P np? HERE “ant UEELTEAY | y
avail abl e qeﬂﬁmﬁeHMSoEOEhéQM@ﬂJEQSE déﬂhtepaSSlwecQﬂmpaae@f-mﬁiwa@k can
conprise a 80 (ﬁp%_ Qgrnlna ﬁ node sel.ector swiitch with at

| east two 2 Hﬁ%hl &%fod §51éfPB?CB% C>5 §, CAVMit e al °¥¥pe Sérect or
switch wthlatwisashd wo @ﬁi&@m&hnaypﬁfsebeapbrn@asqbbmﬂsr @twd an out put
ternina%. The output termnal is connected to the material type resistors.

25 The power supply termnal is used for receiving a predeterm ned DC
suppl y voIRaQEheﬂWEErmaohlrmflhm@ecseﬁkﬁngamasmbitﬁri&@SuSedc¢mneqyebectiver

connecting, the power .supp é%pu rinal a{ 0._9ne ?6 ,at Jeast two variable
machi ne nodé fesistors. The nateria pe se ector switch 78 usea f or

sel ec- 30 qub+@own3mﬂecst¢m)9ﬂﬂe ehotmﬁa‘&mdleasth¢\Mml&adommlmﬁanachrne node
resistors o] e out put
589 P§ for@bcL&as d& dwo Bt erd Al h§ ﬁﬁ?%lgnaﬁé&%lgé

termnal is used or provi ding a sensor t
10 terminal of a monitoring voltage meter 912 is connected to

the connection coaxial cable wire while a negative terminal
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 passive conponent network can conprise a pull-down resistor. One end of
the pull-down resistor connects to an electrical ground and another end of
t he pul | -wowmirEsssst or con- 5 nects to the output term maraBX¥heoibseshol d
detector can also conprise a hysteresis circuit, a voltage conparator, or a
resistor network. The resistor network is used for converting an el ectrical
current sig- 10 nal of an electrical current sensor to a voltage signal.
The threshol d detector can also conprise a pull-up circuit. The pull-up
circuit can conprise a pull-up resistor. The pull-up circuit can further
conprise a capacitor connected in parallel to the pull-up resistor. 15 The
thyri stor device can conprise a bi di%ectional triode thyristor or a reverse
bl ocking triode thyristor. The threshol d detector often energises the
optical codpfog deUF LT PAg® skifs SMorEBsurdent 5P gnel Oxceeds the
sensor threshodgk sifgpakzodhe-tapti eaémeaupl/rng devi ce can conprise a
phototriac or a phototransistor. The application also provides a nould
assenbly for an injec- 25 tion-noul ding machi ne. The noul d assenbly is used
for shapinghanb@enﬂhesbnswﬁﬁd§ﬁ9ab i o eoduce ﬁmddﬂﬂﬂ&hedlﬁﬂuhded part. The
moul d assenbl |ncI Id|n caV|t a . su ozz and t he

above- ntP8H%d ?%?%PgbﬁfF Eﬁﬁv Fed ?%é?y H%Uﬁie&?on t he noul d
assenbl y. $hetsmpﬁkyom02kéeﬂhﬁJﬂSed d@n1d&08@90VTmhlmgnnesrrngnumamral to the
nmoul di ng caV|t Th epperatyure controller devi is u e f adjusting a
tenperature of%%%éfgﬁE ng %%3zl %%pﬁh 58%|.6§i|on pEOV|dg£ an

i nj ection- npmt@@mgumachlh@l The dmp@@t%ﬁhlﬁnu$@mng>naghlmeedﬂwwrpées an

| ni ect i on- mpul ding, @eparals: apd chhe,abnve goul dasserp! yr, The apul d
assenbly is provided receiving resin na erial fromfhe injection- 5
noul di hg apparat usirardtf browshapdrgetdrnasesnntivaterlitabe Thefappicecation al so
provi des apot hes, LEIPELAL WL GOBLEObL &fo Hadul €0l 38R0l B GLIon- moul di ng

machi ne. I's tenperature contro 'é has resistors with different
rati os, wh&pétage 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



10 in the ratios allow quick adaption of the tenperature controller nodule
for different resin material. The tenperature controller nodule conprises a
passi ve cwoporerbvssnet work and at | east one anal og contr eclraB20anniiegel5 The
passi ve conponent network that conprises a power supply termnal, a
material type selector switch with at |least two material type sel ector
positions, and an output term nal being connected to the material type
conponents, which nmay be 20 resistors. The power supply termnal is used
for receiving a pre-determ ned DC supply voltage. The material type
selector switch is used for selectively connecting the pre-determ ned DC
supply voltage to one of at | east t Wt mat eri al type conponents, which nmay
be resistors. The output terminal is used 25 for providing a _sensor

t hreshol d ?89%%PlQI¥9188t%?& Heér MY AEF b ﬁdnﬁﬁndgﬁiéﬁlFBO & dtdferial type
conponent s95Thes aflaloogotodited! ker nydtdulGenpk i sese B $QBSOIatEydﬁaﬂa|, a
threshold ete tor, a power supply termnal, and a switch. 30 The sensor

t er mi nal TGsetP¥or receiving a sensor measurenent val ue. The threshol d
det ect or |s used for receiving the sensor threshold value and the sensor
measur e value The omerg%%pg te%ﬁ%nal s used f rece|V|ng an AC
power sup- 1?@ BV U ThHe “hddter ef i Hal™ i m|98 dn%g St ri cal

energy to ajheahemunTEéSS@ﬁtmheuSJHseﬂmfomupdowgdmn@;hhe9$£ power supply
fromthe 5 AC power supply terminal to the heater term nal when the
threshol d detector activates the switch. Simlarly, the switch does not
provi de t hehAG powerresappsyr fA50mit het AChpowep S@meyiberﬁjeratlort o0 the heater

term nal vhen.L e hrastil d. detactor. dss et activate hhe auiteh. 10 In a

speci al I ment e sw't i's used Tor not provi C power
suppl y1fromethey ACGeponerrsuppldy feendumrito ehectreatrerteetii nal sahen the

threshol d detestaor Acthval es Lhe sut Lol The, swiilch RLoyides.dthe AC power

supply fromt 5 power supply term nal eater term nal when the
t hreshol d deeeed gro é@éshma@@m vat enddve Sgwi- t ch.

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.



The activation of the switch can result in an energising of the switch or
in a disabling of the switch. 20 Conponent values of the at |east two

mat eri al wopeixaongsenents foll ow a pre-determ ned rati o. PChaBmapingnt

val ues can refer to resistance values, to capacitance values, or to

i nductance values. The ratio is fornmed by at |least two different num 25
bers, wherein each nunber being taken from one group of a set of groups.
The set conprises a first group, a second group, a third group, a fourth
group, and a fifth group. The first group conprises whol e nunbers rangi ng
from[102 m - 30nus 10 % (percent)] to [102 plus 10% . The second group
com prises whol e nunbers ranging f rom [118 m nus 1094 to [118 plus 10%.
The third group conprises whole nunbers ranging from|[137 mnus 10% to

[ 137 plus 1094 . The fourth group com 79 prises whol e nunbers ranging from
[ 169 m nusThOWorpgnra169 pt ust 10Y codhe iflieft bigeoup 100MpetsRswhol e nunber s
rangi ng fron1¥196 m nus 109 to 1961§!us 10%4. 5 As an ggqg@}e, t he
resi st ancePYEFUE TAT 58T t AKBIF Fof AT he'S Fr&f Sytoulr 6Pt Re® S8Edfd group. The
first groupheorpricses afwhiod eontrrbeler anigicngtf r@maluses lddyersay 100. The
second grog coqpris%s almhqﬁg nunber ranging from 106 to 130, say 125.
Thus, a’possfble Predétefmwined ratio is 100:125. 10 These pre-det erni ned
ratios allow the injection-nmoul ding machine to process nany different resin
material with 41411807 0 ehangsst o Seliup, A9 The (TaLEL] Aled ¥Bg resistors
can conprise a Yesi’stance t'oler ance val Uue 't akeh from a"set o percents, the
set conpri sesolorgpercent )6HYrhandyd094liC henp rEsi Stsancenddlesr ance val ues
are al so possi bl Ryl giten 4% Lesi stangs bolerance ds sel geliad, ;20 The
passi ve component network can conprise a machi ne node selector swtch with
at | east twolhmddr eSnvde zeltdéetrohyposiltiiconsné oraskeltectheetdyl aennecti ng t he
power supply,ef i qal, Lo ane, of gt heastk.two, ALl abl.ey(aehine mode
resistors. The materia ¥ype sel ector switch selectively connects one of
the 25 variiaBte frachinaeudode PESistofs® tagdonerbftarheodat ek i dinet ¢pé

resistors. ,Fhe,yaliablhe, gRchying smode,d 831551 Qr snars 4eanesst ediin series with
the material type resistors provide the above-nentioned ratio. 30 The

passi ve coRpohet i€t @brkhedisCorprrSSH pil ForrRMSCorpoemtveddli ch can be
a resistor gone end of the pull-down conponent connects to an el ectrical
ground and anot her end of

In use, in 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 0il 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.



t he pul | -down conmponent connected to the output termnal. 80 The threshold
detector can conprise a sanple and hold input electrical circuit, a
hyst er esiwoedrxudgs9 or a vol tage conparator. The threshela/Hm€031986 can
al so conprise a resistor 5 network for converting an electrical current
signal of an electrical current sensor to a voltage signal. The threshold
detector can conprise a pull-up circuit. The pull-up circuit can conprise a
pull -up resistor. The pull-up circuit can conprise a capacitor connected in
parallel to the pull-up resis- 10tor. The switch can conprise a
bidirectional triode thyristor or a reverse blocking triode thyristor. The
anal og controller unit can conprise oh optical coupling device being
actuated by the 15 threshold detector. The threshold detector activates the
switch via the optical coupling device. The actuation energises or disables
t he opti caltheouplidg deviee: 1Dheithneshdod deteciioly phktesuenergdses the
opti cal cougliqgfdevhce when t he sensor. neaaurenent val ue exceeds the

AdI oF St Codpli

sensor thré g. P20°thHé optieal AP TEVIECETRA Conpri se a
phot ot ri ac tare shqhbtvatl nansist ahe Thee applel caltome aueelpr ov desea noul d

assenbly for an jnj.ection-noul.din chi ne...The. noyld asse is used for
Shaeo o Skl e e A TR o 2 Lo F T S PR s 2t e
noul d assenblkyitmwdeaohbal didiglacavi Tye =lsuppdyvalozzI96;] andchdtheted

above-nentioned temperature controller device. The tenmperature controller
ectrically

devi ce is rounted I n'the moul d assenbly. The supply nozzle is intended for
providing resin material to 30 the noulding cavity. The tenperature

cont rol | er 1dlevi o, d 35 s tended Lot A UsY' P9 & LATRETAL Ui fualutihe supply
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 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 o0il 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.



The application provides an injection-noul ding machi ne. The

i nj ection-noul di ng machi ne conprises an injection-noul di ng apparatus and

t he aboveworuixdiiesssenbl y. The noul d assenbly is provi de@CfraB2mecabss ng
resin material fromthe injection- 5 noul ding apparatus and for shaping the
resin material. The application provides a nethod of calibrating a
tenperature controller device for an injection-noul ding nmachi ne. The net hod
allows the tenperature controller device to use dif- 10 ferent types of
sensors, resin materials, and different nodes of the injection-noulding
machi ne. The net hod conprises the St'P of choosing or selecting a noul ding
resin material type. A materi al type sel ector switch 15 of a resistor
network is then set according to the chosen resin material type. An
operating node of the injection-noulding machine is afterward chosen. A
machi ne nDdBeSﬁﬂéﬁkﬂkcﬁmiéGﬂfﬁknth96meﬁi%E@ﬂ ﬂ@ﬁmﬂkkibSn@aiqneaLso set
according to _the chosen g@de of %ﬂ ect i on- noul 20 A

sui tabl e t &tperat Ue E8hsS% fﬁ@l% I&h8§%‘ﬁuceﬁ \?&I ﬁga %r Cé?tler

deternlnedcaac@idunQOU@a@@exnh@seanﬁﬂsjnonaherr@kmh¢QEprégmhhe chosen

sensor typ and to the chosen d he in ectlon di.ng ~nmachi ne.
Aft er t% %hlsﬁﬁjfﬁﬁg of Eﬂ%“?%g? 8 Hl r “Hefwo %Sl}e&‘and a

vari abl e r@srstmma@bntthl@Bkﬁt@mlneﬂMbrk is adjusted until the measured
vol tage essentially reaches the predeterm ned val ue. The application

provi des a tenperature controller device for 30 provision within a manifold
chanmber as&égbl ¥’ afhoan hn@ﬂ&ﬁkﬂnnnDﬂWSEmg9ﬁacﬁ®menlIhﬁscpruvision al | ows

the temper gblls; conLLatherodovie L9\ be.ichong, 10114 (8020 SyoaTg-cl oseness

reduces el ectric noi ses pi cke |gna W res e sen- sors,
therebyolnpﬂ@@@%giKhepéagﬂath@aﬁoﬂ%% ratio and the quality of tenperature
control. The tenperature controller device includes a tenperature con-

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 $82.

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.



5 troller nodule and a housing or casing enclosing the tenperature
controller nodule. The casing conprises a first outer |argest dinension of

| ess t harwonoeguedsot o 60 mm a second outer | argest di measiBmiohsibgss t han
100 mmand a third outer |argest dinension of |ess than or equal to 30 nm
The first 10 outer dinension and the second outer dinension are neasured in
directions that are perpendicular to each other. The second outer dinension
and the third outer dinmension are also neasured in directions that are

per pendi cul ar to each other. 15 It has turned out that such a tenperature
controller casing can be used in many injection-noul ding machi nes,
especially in manifold assenbly cha rs. Wien the tenperature controller
isin this chanber, it is near to runners of the nmanifold assenbly and near
to runner nozzles connected to the manifold 20 assenbly. The tenperature
control | er thsaofdericoBaesd edneombeal €thoand SENSWrSe WHi wdbidree pl aced on
the runner nozzles, which are then very close to the tenperature

control | er SOFRESCHs iR Cah conprise a general |y rectangul ar shape for 25

easy production of the casing. The tenperature controller nodule can
conprise a_passive co nent network d at | east one analo troller
T The B S B R T ol v Pk b s Peek B SRR T B mar e or
provi di ng arsénsoirort hreshdd:d beakae. mBkgedBntaot hrteshokd ded ectronmf or

recei ving tgg ggqg%gcghﬁng%gqh%algg@ﬁﬂg %h§i§gnsor measur enent val ue, a
power suppPy {er mnal” ' for’ recei Vi g an AC power” suppl vy, a heater
termnal for providing electrical power to a heat-5 er, and an anal og
sem conductgr_power sy fc . i di S fromthe AC
power supp 3 %ernlﬁél%%% t é)lg§%g¥ %gﬁgf%ggrﬁﬁgﬁg%%éstﬁfgéE%F’ det ect or
activateés phecanalrog sem conductor power swi tch. Likew se, the anal og

sem conduc- 10 tor power switch does not provide the AC power supply from
the AC power supply termnal to the heater term nal when the threshold

det ect or déks #etligefiivater vHeleanal ogisenicdohduet it upewernistdlitlei. 15 In

anot her enpodi eni,, the; t9%nsﬁHL99ﬂQP%%9519&M@ﬂm§%&?QQ&QQ#S not provide
the AC power supply when the threshold detector activates the anal og

sem conducterl povemashii fe htedsi vas| PRel Hanéesit Heterakdg Betistéhduct or

pover switchspkoydidesthes AC pawert supRlo tEhom i he ACpover: supphy termn nal

to the o
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.



20 heater term nal when the threshold detector does not activate the anal og
sem conduct or power switch. The activation of the sem conductor power

swi tch cawmonrerulibssbn an energi sing of the switch or in a&cuiiBzbi/nhsigscof the
25switch. The passive conmponent network can include a power supply
termnal for receiving a pre-determ ned DC supply voltage, 30 -a nachi ne
node selector switch with at | east two nachi ne node sel ector positions for
sel ectively connecting the power supply termnal to one of at |east two
vari abl e machi ne node resistors, and 84 -a material type selector switch
with at least two material type selector positions for selectively
connecting one of the at |east two Véti abl e machi ne node resistors to one
of at least two naterial type resistors. The out%ut termnal is 5 connected

to the natéTF%TrﬂVﬁbCPQQ?%tééﬁiﬁl?ﬂé YaddievBAEBNPoENE ABtHOTK can conpri se

a pul | - dowswi esth SE@ordOne ©ncoakt bherpulinjdownot-esisiiang cdurgeks to an

el ectrical Bround and aToth r end of. the puII-downfre i stor. con- 10 nects
to the out plt tEMAl 2 %ﬁé:aﬁﬁ@sﬁ%f%ﬁ?ﬁﬁﬁ?cyﬁ}u%%ﬁ)c5§ﬁr?@3”éméanple and
hol d i nput mebectadiGabrei fetlidl,imanhyst@resistet fedaidfaconr any ddrage.
conpara%or. The threshol d detector can conprise a resistor net- 15 work for
converting an electrical current signal of an electrical current sensor to
a vol tage Shgnadterfhe thpesdwledtdet ecttarh danuaddocccorpieseialpul | - up

circuit. The pull-up circuit can comprise a pullsup resistor. The pull-up
. . conliecting olle Of the’ VarIable qaqaln mode resisSLoOrsg Lo onF
circuit can conprise a capacitor connected in paralle 0 the pull-up re-

20si stor. Thetenalmwgosemeiondudt Oyppowerisswi b chllcamaconpe irgeleq se-
bidirectional fyiode LhyrisStar 96,8 feMELRenBLhoCkING LLLode, d hygLstor.
10 rial type selector switch, and the material type resistors
are connected in series. Similarly, a user can change posi-
tions of the material type selector switch according type of

resin material used by the injection-moulding 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



25 The anal og controller unit can conprise an optical coupling device being
actuated by the threshold detector. The actuation energi ses or disables the
opti cal cwopbirgostevi ce. 30 The threshol d det ector ofterCenBzogi/sassd he
optical coupling device when the sensor neasurenent val ue exceeds the
sensor threshold value and the threshold detector activates the 85 swtch
via the optical coupling device. The optical coupling device can conprise a
phototriac or a phototransi stor. The application also provides a nould
assenbly for an injec- 5 tion-noul ding machine. The noul d assenbly has an

i nproved tenperature control. The teqperature controll er device is provided
within a mani fold chanber assenbly of’ t he noul d assenbly. 10 The noul d
assenbly includes a back glate conprising a receiving cavity, a noul ding

pl ate compfPSYRg Et-resst >ghe  nBaFdi g Cavirty e a %%ﬂsl%&ﬂ%wm a

mani fol d agsendlggviarndia t@npef.atur eu@onhael tes dendseeld Adstiadtioenary di e
together with a nné%ble di e defin?s t he noul ding cavity when the stationary

15 di e and*the*ovdbfe B e°Hr §MRIAE169e4 st ate. The receiving cavity is
used for receiving resin material froman injection-noul ding apparatus. The
moul di n c$ﬁit% S usedlfqg shapang re%%pfnaterial.to fornhjiniﬁhed noul ded
20 partd. THE BUppl y "hbzZI € Wth a fahiTol d"assenblyJi 8" used For providing
resi n nmat eACapofeomupheyr eted eagecavétninkd the mowliding e€wadtirycaThe

tenperature_controller device.is useg%fgka%g%ustiQ%Fao%eg@eraturg of the

suppl y noz?P%?gégx%ﬁeeﬁa%Qub gfgtgﬁd € nou %i%éj ate afajggﬁgrate by a

di st ance i niwhtrchulidiegbhae&hipleat e and the noul ding plate define a space. The
mani fol d assenbly and the tenperature controller device are provided in
this space between the back plate and the noul ding plate. 30 The

t enper af ur 8heomtalold epnisomtraitiorenowgrh swd the f$ xetkd o phiwsidpace. This

size also ghlous the.! enperaturg eADtIOlIGe 1 .h8 £1shi bl tmegat ure
sensors that are nounted on the
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



86 supply nozzle. This closeness reduces signal noise picked up wires of
the tenperature sensor. In this manner, signal to noise ratio is reduced
and qual iwg 20f2/tiessper at ure control is inproved. 5 The teOcpaBzUDIHIS6
controller unit can include the above-nentioned tenperature controller
device. The application also provides an injection-noul ding nmachine. 10 The
i nj ection-noul di ng machi ne conprises an injection-noul di ng apparatus and

t he above noul d assenbly. The nould assenbly is provided for receiving
resin material fromthe injection-noul ding apparatus and for shaping the
resin material. 15 The application provides an inproved device. The device
can refer to an injection-noul di ng nechi ne or to parts of the

i njection-nmoul ding machi ne. The devi ce includes a nould assenbly and an
injection-ﬁﬁﬁ?cﬁﬁé} apparatE 6 The' Mbuicd-588SniIdF PRERT v&E 16l £8n resin
mat eri al fsooptdhdurjreati eerpultdbngriappatattsl AV thiwarassh@rnt tbi me, the
nmoul d assenBIy shapes the resin material to formfinished products. To
provi de fof'Fnproved ‘Celipdtature control of the nolten 25 resin material at
t he injection-noul di ng apparatus, the nmould assenbly provides tenperature
informatiop,of the.resin material at.the mould assenbly.to the

i nj ecti n-E%ﬁlEﬁ?ﬁfhggéag%ﬁ?ﬁﬁor3ﬁo$ﬁﬁl%ﬁiébf?%%%%ﬁﬂFg?ﬁédaﬁléﬂhtus conpri ses
a barrel apdeatbaraleliteunper athusectontirolallépwsewticehrihbobardeglect-s used for

receiving resin naterialrgggiﬂgrogeltinglthe resin nate 87 The barrel

tenperaturéoéoﬁffgrfng%eV|ce i°s “Used” o uﬁdfh%EFHgnﬁﬁgi%gﬁﬁ%FgFﬁre of the
barrel. sor measurement value. The variations can include glitches
that can lead instability.
10
This temperature controller uses a simple design using readi-
ly components to perform effectively its functions. It is

thus 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-



The noul d assenbly conprises a noulding cavity, a supply noz- 5 zle, a
nozzl e tenperature controller device nmounted on the nould assenbly, and a
wi rel ess woanemitvgser. A stationary die together with a movabioei/diiesdef i nes
t he nmoul ding cavity when the stationary die and the novable die are in a

cl osed state. 10 The supply nozzle is used for channelling the resin
material fromthe injection-noul ding apparatus to the noul ding cavity. The
nmoul ding cavity is used for shaping the nolten resin material to form
finished parts. The nozzle tenperature controller device is used for
adjusting the tenperature of the 15 supply nozzle. The wireless transmtter
is used for sending information of tte nozzle tenperature controller
device. The injection-noul ding apparatus further conprises a wreless

recei ver foF™FetEWNGOt he' SHFPIFnat Poh f FoPt he9hsPPPartEY: 2@ perature
control | er tdeni g ceMBr eny etonheebats ”ladecapenat ure controller is used for
adjusting a tenperature of the barrel according to the received information
fromthe nozzle tenperature controller device. 25 This manner of
control | i nght hendbamoel terpercat the psmpriidesaapel 0S® lcaopubettseen t he

i nj ectipn-noul di apparatu nd_t he ul di assenbly, which provides a
better garggﬁv?Q#%%PﬁgﬁPg‘%%n?FoFgr ﬂggﬁtgﬁﬁg%T%%s transnitter often

conprise an analog to digital converter (ADC) for converting the nozzle
tenperat ur g, control Ler deyi ce i ntorpmtion inio g didital. formi, such that
the wirel ess transnitter can send the é?glpa I sed i nfor- (ﬁfnaPion. Most
W rel ess tnansed ttcevslobgesduransnvbeorilny tdegvébladenfsonnet imrvifhe nozzl e
t enper at ur rol | ri.s si.ye . ent. wor k t hat
conpri ses gngggéﬁﬁ{C?%F%?ﬁéﬁgggﬁhp?%gﬁﬁﬁﬁghé g%%%%féiﬁggsﬁ%TQ%'alue, and at
| east ohe ahal og-wonveiotherthmsisholThéetavaloog controller unit conprises a
sensor termnal, a 10 threshold detector, an AC power supply termnal, a
heater term nal, and an anal og sem conduct or power switch. The sensor
term nal iShasedl fowP Fecerti Mgracsensore reasbrehent cpahaetedHe t hreshol d
detector isg usedfor, rgeelyingthessensor thhreshol.d val ye,andthe sensor

nmeasur enent val ue. The AC pow
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.



15 er supply termnal is used for receiving an electrical power. The heater
termnal is used for providing AC el ectrical power to a heater. The anal og
sem conduwwOaniplaweEse switch is used for providing the ACPpelraBioi/eabsqower
fromthe AC power supply termnal to the heater term nal when the threshold
detec- 20 tor activates the switch. The passive conponent network can
conprise a power supply term nal, a machine node selector switch with at

| east two machi ne node sel ector positions, and a material type selector 25
switch with at least two naterial type selector positions. The output
termnal is connected to the material_ type resistors. The power supply
termnal is used for receiving a préﬁ%ternined DC supply vol tage. The
machi ne node sel ector switch is used for selectively connecting the power
suppl y 30 t'8F nifRil* 5 8RePTT 85 8Ast 1S 04T Tabl € HabAr ie Srodé®r esi st or s.
The mat eri ahjéypersebactiong swichehel Sotsadckoan selegitiivelyo€animgct i ng one of
the at least two variable chi ne 89 node sistors to one of at |east two
mteni al f HEST BRI L ABRs LTI e SP LY COBBRLAL Nt SR car s 5o
pul | - down pesisded floar rexeriend rekit heatpulibi dovsm regel shoecciommect s to an

el ectrical r9#nd and _anpt her egd of. the EL"dOMﬂ re;istqf connects to the
out put ter B RAT"TREPEAF e5hold d8F edt B "Cah Cohpti s &°5°54Ab1 e and hol d
input 10 electrical circuit, a hysteresis circuit, or a voltage conparator.
The threshold detector can al.sp conprise a,resistor network for converting
an el ectrical Current signal gﬁ ah" eI'6ct ri €Al current Sensor 6 a vol t age
signal . Thelthfeshol dndetevtomovaniad Seaonpr i See deppklratupreiqoodi t. The
pul | -up 15, ¢j j c rj 1 - 251 S . | - circuit can
Bonpr i e 2 Ganan T5r bnaer S & Bar s 1B e e ST ot el ator . The
anal ogl8enteohdultion powerrswitich cantlconpieseienicdildee20nadhdgnal tri ode
thyristor n.d,(&Vars36blacking Lphode dhyyi stol . theqapalog control | er
unit can also conprise an optical coupling deV|ceE%e|ng actuated by the
threshol d dstegtomg Thelf DB @dtigati on energi ses or disables the optical
coupling device. The threshold detector activates the switch via the
optical coupling device. The threshold detector often energises the optical
coupl i ng d@gﬁc*éeff@/wéfﬁttlﬁ@ SEHSEr L fEa8UFEife O RE] TS exPeedsve Hereensor

threshekd vahlesetwork 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



30 90 The application provides a nethod of controlling a tenperature of an
i nj ection-noul ding machi ne. The injection-noul ding machi ne includes an

i nj ecti orwonoldiiogFoappar at us and a noul d assenbly. The iPajraBroionsiaswul di ng
apparatus is used for re- 5 ceiving resin material, for nelting the resin
material, and for injecting the nolten resin material to the nould
assenbly. The nould assenbly is used for shaping the nolten resin to form
fini shed noul ded parts. 10 The nmethod i ncludes a step of transferring resin
material fromthe injection-noulding apparatus to the nould assenbly. After
this, a tenperature controller of the nould assenbly actuates a heater of
the noul d assenbly. The actuation caff 15 refer to energi sing the heater or
to disabling the heater. The heater actuation adjusts the tenperature of
the noul d égg‘é%]bfrvnb;?fi Af ttANG Reate eriey ade%FbAJt e IRBUt " HSSERBIy whil e

t he noul d asgesdpardisssi padesicledbr enengy ki Bb@pd Fies o trh OUA didig colBy

adj usting anount of heat jnjected, the te rature of 20 the nould assenbly
can i nor eabE or . HETFease St PR orFeeT ORoBfC T Hhoul d assenbl y
tenperature controller is then transmtted to a tenperature controller of

t he injection-noul di aratus. The status jnformation can i.n- 25 dicate
Lhat the moUFdo et Bt Gr A Cont Tel TBF 1 CRPOTat A <

di sabl i ng The powd sagsenbterntieateis ddeel ifnjrectdoin-impukdi exg-cappar at us
tenmperature.controller th actuates, a heater_of_t injectian-noul di ng
appar at Us. SSCOTIEY S6TPRG L0 He LCar ot (AT £F otP I mESF Bt B e act uat i on
of the injettconamdukdengy appar ataseheater can refer to energising or to

di sabling of the injection-noulding apparatus heater. 91 The nould
assenbly heater elevates a tenperature of the resin material within the
moul d a8seffbkytiharstohedapidad iassead| fotheabeidisg emerpgisediicGien [ arly, the
i nj ecti on- gRuldi g, ABRAEAL Us,f1eat Lo Gl Al 88 Ao SIPELALLLE, Ofresi n

material within 5 the |nject|on-nnu? I ng "appar at us when the

i nj ecti on- ABLREi ST oRpparat s HéatefeV scendrgirseth 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 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 is 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.



On one hand, when the transmtted information indicates that the nould
assenbly tenperature is too high, the injection- 10 noul di ng apparat us

t enper at Wwe 20ntiogsb| er can reduce its tem perature by iPaojraBring g heat er
energy or |ess heat energy into the injection-noul ding apparatus. This then
| eads to resin material within the injection noulding to being cooler. The
cooler resin material is later transferred fromthe in- 15 jection-noul ding
apparatus to the nmould assenbly, wherein the cooler resin material acts to
| ower the tenperature of the nould assenbly. On another hand, when the
transmtted information indicates 20 that the nould assenbly tenperature is
too |l ow, the injection-noul ding appéthus tenperature controller can
increase its tquerature by injecting nore heat energ¥ﬁinto t he

i nj ect i on- MBUF T hG Rpparat us. FoPhit8Y B T & ward  Fedt "t ottt €6 n mat eri al

wi t hi n t helynjeetdeRrmeubel NG appasatius.chEhechodit eferabnh®Siierd $hkhen
transferred fromthe injection-nmulding apparatus tao the nould assenbly.
The hot t er CPESTT. RRLEIT A BrVEs 1F o T HEYEase he TETSEPat APE-5t the noul d
assenbly. Thes mmt hodnatt oy dthe ckhj ¢ciHeoponedl dipgig vappanatals tho sent 30
resin terLthmﬁth g desirfdk}e eratyre to thelnnubd assenbly. Although
the moufd &85eWbt ™t SRPEH At UrEContt ot er 2act 3 o "Hd GEt °t e efper at ure of
the resin aatestal. within the nould assenbly, the nould assenbly
tenperature controller may 92 not be able to bring this resin material to
its desired tenperature when the resin material tenperature is too far off
t he desi r ednt enpertateur enbJdning=nits ebspedivalilsyosodavhiere thes nowl doassenbly is
operati ng rtal t.hat r i a enperat ure
controlIergfggrég%%ﬁggaﬁg%-Qé%gﬁﬁg?n&ﬁﬁﬁéh%?gp%%gbgfcgﬁgﬁ%%%ﬁ%hId assenbly
t enper &f ur secontaloldthen shatarsicaforeetliiow dani¢ncludetaapplll dhassenbl y

tenper atur e, SENsar, 40, TRaslaneat value 003y n0rZl6.0 Lhs ApuLd assendly

as well as a no sse pre-determ ned tenperature v e noul d
assenbl y hearel %% thsubbdiyererdergisel witen thhecrieifpdr aPupize sy ce

measur enment jvalue di$kess than the pre- 15 determ ned tenperature val ue
since this indicates that the tenperature of the nould assenbly is too | ow.
The energi sed noul d assenbly heater serves to elevate the tenperature of

the moukd agsemblapeapget fdLallNiettnehs 49 @hﬁé@ ot hgpi&nmer ahyres of
the nozzle or the manifold assenbly of the noul
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.



20assenbly. The transm ssion of nould assenbly tenperature controller
status information is preferably perforned in a wrel ess manner for easy

i npl enentwini2or/118859hough the transm ssion can 25 al so becrnamamimwsgd in a
wi red manner. The application provides a pressure controller valve nodul e
for adjusting pressure of a noulding cavity of an injection-noul ding

machi ne. 30 The pressure controller valve nodul e can use parts of the above
tenperature controller. In this nmanner, the pressure controller valve
nodul e can also be integrated with the tem 93 perature controller and

al so have the feature the tenperature controller, such as sinple design

The pressure controller valve nndulé”%onprises a passive conb ponent
network for providing a sensor threshold value and at | east one anal og
controller unit. Referring to the analog controller unit, it conprises a
sensor termhea@asémWeaaahp@mhhfa&h@bdkd@heebmpri§@ep@mﬂgaamﬁouesie pling
devi ce, ower supply erm na val ve term na and _an anal og
seni conduc?8? p Q\Mo%cﬁhe 'ﬂﬁlélaﬁ% Ibgresséﬁlt%n%‘ff&e&tsp&?\e?n %etcch conpri ses
a thyrIStOtrdeMl@&ound and rerits@ert bed SeMsoE bermdwin rssused fceh-recei vi ng
a pressure measyr ement val ue of nmoul ding cavity. The anal og threshol d
det ect o 'neﬁg%du?or °r 88EFVi g8 naagbr conparing the sensor threshold val ue
and the pressure neasurenent val ue, wherein an analog circuit does the

conpari son t her [ the ¢ arison_doe t _use di.gital
technlquesThsud%m%%ﬁ€§r3¥%ﬁgb gﬁﬁl%ﬂﬁpcomgf to %%nﬁ?gl?aisfgghat The
anal og thresholdadeﬂeageroaukuates,tMEeng@scatonouﬂMpm@ 2bhadevisc¢e-accor di ng

to the aboye.comparisen. ,Jhe actushion can gnergles ai disables yhe optical
coupling devi ¢ n ot her words, the wor actuation udes t he neani ng of
energ|gDngnahdofhama@ﬂpngrlcal 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 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.



30 The power supply terminal is used for receiving an AC power supply from
an external source. 94 The valve termnal is used for actuating a val ve.
The val vewD=2otwiavssded for controlling an anmount of forcechaBrgi/efpsd ed to a
cavity mould of an injection-noulding machine. The force is transmtted
froman hydraulic punp to a cylinder-piston 5 arrangenment, wherein the

cyl i nder-pi ston arrangenent asserts a force on the cavity nmould via a
conpression or noving 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

el ectrical power to flow fromthe pdﬂk supply termnal to the thyristor
device via the optical coupling device, This electrical current serves to
trigger thé" ?h‘i‘/fPFFEtC&FlGBV? LR &R YT taet o ConifeBECRHet ri'€al  power
fromthe pQM@écﬂjbnyupphylﬁ@ﬁmacmahet@bmﬂuigéalaﬁ iﬁydatﬂah nditesitlayri st or

devi ce stops connecting when the el trlca% current E ut signal .of the
thyristor aBYFEE-S |aP§ bt G %¥epp8u tBREY " t HredRatd, 2wt Yodturs every
cycl e of apré&1¢nﬁmabrsup¢égmidgnrbbﬁnnemﬁnﬁyclexomtnaeaﬁhyeiﬁﬁbnaptical

coupl i ng devi agai n_al 20 electrl al LSurren rigger the
gr v?@%l I"RP6th ?Sﬁ%¥H§°r ﬁPa%h§%|§ of “tevice® #

thyri st Tiggered
autonatlcally or is self triggered when the optical coupllng device is
actuated. |.n_ s ;embod t, the.anal og. sen conductor swiitch 25
app 1on rovides & t em erature er
connects electrlca pomer ﬁ%the power supply rm nal ? :ﬁ e val ve

t erm nal mheﬁubhekanahogniﬂnnum@ﬁducl®mxpomehlsautﬂﬂlslsemBQIﬁnuaé The anal og
sem conduct.gr. power, swhieh daes ot connacy, ol petid.cal pover Jfromthe pover

supply termn e valve termnal when the anal 0og sem conductor power
switchlB80 iis Pt mctigat edlow igkyadaptiomabft bhe Hempglireeuterarinnal when t he

analog Senkggﬂler 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-



ductor power switch is actuated. The anal og sem conductor power sw tch
connects electrical power fromthe power supply termnal to the valve

term nal wbenizihessanal og sem conductor 5 power swi tch i #CmaB2eacbuated. The
actuation of the sem conductor power switch can refer to an energising of

t he sem conductor power switch or to a disabling of the sem conductor power
switch. 10 The anal og threshol d detector can conprise a sanple and hold

i nput electrical circuit, a hysteresis circuit, or a voltage conparator

The threshol d detector can al so conprise a resistor network for converting
an electrical current signal of an 15 electrical current sensor to a

vol tage signal. The anal og t hreshol d’%etector can al so conprise a pull-up
circuit. The pull-up circuit can conprise a pull-up resistor and a
capaci t or EolneCted Phcpardierlt oS t i pdler- BpC ¥ EEi"g- €20t 0T c*Fh& anal og
sem conductegy power nswkéeh can conprise a bidirectional triode thyristor or
a reverse blocking triode thyristor. 25 The controller unit can conprise an
optical coupling device being actuated by the threshol d detector when the
Sensor neasHeeskeitchvakuesexceaedproridmmdpehewat heowsansappl hiresholkdeval ue.

The act atk ener%ise or di.sa Iga t.he og%ical cou- -30. pli device. 96
i

n
The anaf og”t hP@LHoIP G HEY et O 16t &R Eher§rses tHE- 0Bt ¢Ar" dolipl i ng devi ce

when the sehseshaighsiktenent aliretexcgedswiihehsehisanatrhyesticd d value. 5 The
optical coypling devige can coptise,a AhQLoLllac qr 3 ppotQtransistor.
supply terminal to the heater terminal when the threshold de-
tector does not activate the switch.
10
In a special embodiment, the switch is used for not providing
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 application also provides a nould assenbly for an injec- tion-noulding
machi ne. The nmoul d assenbly includes an im 10 proved pressure controller
for adj uswongizpressure within a noul ding cavity. The no®eCu/1BEden1bs6
includes a novable die with a stationary die, a supply nozzle, a noving
core, a noulding cavity pin 15 that is provided in the noulding cavity and
a pressure controller device. The stationary die and the novabl e die define
a noul ding cavity when the stationary die and the novable die are in a

cl osed state. The supply nozzle is used for providing or for injecting
resin material to the noulding cavity. 20 The noving core is used for
conpressing the resin material received within the noul ding cavity. The
nmoul di ng cavl%¥%pin is used for receiving a6$ressure of the resin materi al

Wi thin t hePrOTFYi"Hg €atrtyS 25 2REFBY riny tlooF et PBrieddar e*2ontT ol | er devi ce,
it incl udetﬁlas pI(E%S]S._UITBetSEﬂBTQT ,gﬁaubydf@ﬂﬂs@spumle &uﬁ}bﬁﬁ:ﬁd%n@l}n@t on |
arrangement._conpecting to the hy ic pynp.via a hydraulic line, and a
pressure céﬁ?TonﬁimdﬁPf.l etﬁygﬁggﬂﬂé“1ﬁﬁg]Conprises a valve. 30 The
pressure sensor is used for receiving the noulding cavity pressure fromthe
nmoul di ng cavit in. The_ hydraulic pu IS used faqr . actuati t he

oyl T ndof- pRb O SPRAGorE A oF PO T WE FRG e AAER PRt e hydr aul i
i ne. The c¢yksnderoupi stotharseangenentut.h@heassest syrauborceprsetshe noul di ng
cavity via the moving core. 5 The |.i nder,- pLst rrangenent, can be

provi ded sﬁ%ﬂ??Hgﬁmfher%§??ﬁﬁ§Fomsg¥i?%gﬁﬁhiF%y?ﬂgﬂpﬁg?oﬁe?%u%nvable or be
provi ded sgchup hatmpirheepi stvom lies nhinixed naicliegt freoncyilOionder13& mevable. In a

speci al casss bt thepeyljnder, and. the.plat o ar e prgyl ded as movable. 10

The val ve is used for adjusting or controlling e cylinder- piston
arrangéfrent force on the noving core. The pressure controller unit is used

for actuating.t e Nalve-AEEOr dhngoLoathe, wul ding cav Ly, pisssyte. 15 The

moul di ng cavity pin can conprise an ejector pin. The e ector pinis
provi ded ferirentvicigcassitishedfparetntofreshe nowtdisdgweblitiyttfleoart he
stationary di g,and firomt he, novabl e

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.



die when the stationary die and the novable die are in an 20 open state.
The noul ding cavity pin can extend fromthe nould cavity to an ejector

pl ate, wwoebr/tibssoej ector plate is provided for activatrcmgBiheodmosd di ng
cavity pin such that nmoulding cavity 25 pin renoves a finished part of the
nmoul ding cavity fromthe noul ding cavity. The pressure controller unit can
conpri se the above-nentioned a pressure controller valve nodule. 30 The
application provides an injection-noulding nmachine. The injection-noul ding
machi ne conprises an injection-noul ding apparatus and the above-nenti oned
moul d assenbly. The nould 98 assenbly is provided for receiving resin
material fromthe injection- nDuIdlndMgpparatus and for shaping the resin
material. 5 The application also provides an injection-noul ding machi ne.
The injection-noul ding machine allows for an inproved manner of binning
fini shed nmubdeMmﬂﬁkﬂs.da%étﬂdﬂ eahi esmgAiledhNgarfBGhiane BoNPrirges a nmoul d
assenbly and 10 a robotic. arm The moul d. assenbl onprises a
Fenperal ur BUEEHET A SRR CA ABAHEER oh ‘CHE HOUIT AsJRMTGF Ghia i r el ess
transnltteparahﬁrmmﬁelesseﬂkﬂmsﬂbtéemNi&a@Séd&iQﬂm@&ﬁdbn@ tadficreat i on of 15
t he ten?eratgre €0 troll er device. th:ro E o arg)unit ysed for

transfefri AGTYTHT séd “RoUT ded part 811+ dmEhe asSERDIY t°6 different

bi ns. The e@botrxnam*mumnemtsgkeotst®h£xhﬂmsgé0$lqdui'fﬁhéstnﬁtsnomhded parts

according to, infornatian recelved {{on1kg§c£§ gfaturg cont&g&)§% devi ce.

20 The recélved i nformation can nprlse a pre- ePnlne sensor threshol d
val ue and aasensurripeasupenente vabuetorh@heoboti-curarcironit gy coslbect

rej ect b'”%ri?& gry%prHLgPQXH%.%%e&%ﬁﬁ]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.



t he sensor nmeasurement value is different fromthe sensor 25 threshold

val ue. In other words, the noul ded parts are produced a tenperature

di f f er entwbnomviibssot hr eshol d or a desired tenperature. Pae/Rppi/HTIasd on
provides a nethod for assigning finished 30 parts of an injection-noul ding
machine to different bins. The nethod conprises the step of selecting a
reject bin type for the finished part when the sensor neasurenent val ue of
the 99 injection-noulding machine is substantially different froma
pre-determ ned sensor threshold value. Put differently, the finished part
can be a reject when the 5 sensor neasurenent value is different froma
pre-determ ned or a desired sensor threshol d value. This is why t he
finished part is assigned to a reject bin type for further conS|derat|on by

per haps pr 08GctiRIN GuaPT t5F SHAFF. aliolf*rjr?é?téﬁbr%%]ﬁ]&? Brovites *

i nj ection- mayé@hium—manaQEﬂﬁm&mﬁﬁaée@@mﬁﬁr%eﬁaaﬁgﬁﬁﬁnﬁ;sysm@ﬁmdﬂmgludes an

i nj ection-noul di hi ne mnth a displa ree ile c uting
device. andPHEF B0 PPRgRer TS FRE T FEDCBIY N5 NevICE IR Bl o to a
nobi | e phOp@oV&déﬂifo@EEé@éIVﬂh@ﬁﬁHEimgnéﬂﬁﬂlaﬂyfmetﬂhealpﬁéetiui}ona| di gi tal
assi st ant The dis Iay scr.een |s use for sh omn@gfgre determ ned

sensor hregﬁg%ﬂx¥§P§8 SHRd EendoF PEERIFe Rt TVall 4 moul d assenbly

of the injection- nDuIdlng machi ne. 20 The nobil e conputlng device is used

for receivin st.at ort. .lhe status repost cludes _the sensor
t hreshol d va%u%Pp ﬂ?ﬁﬁeﬁegsur%néif vg dgua'lng eré%&? can provi de
the status tnegocrcunur@lﬂhe @pbidee fo©n@rutﬂm]]@ccdevhﬂeaul'ﬁhegnmmltmecoﬁhe25 puti ng

device is glsp hised for s at;%r?ﬂe&gwge t&%t%?ié‘fert fQ“or 5 progiu%erver

wherein the server is used generating an ction line
supervﬂ@orfas¢mgTnm@sreée$W@ﬂMﬁep©e§inTh@eaﬁel$ cant idacfedent ustlethe st at us

report or aesunmary of ; EQQmﬁhﬂEH@ report. 30 The nobile conputing device

often includes a canera. An operator can ‘produce the reporting status that
i ncl udes canera pictures of the injection-noulding nmachi ne and/or of parts

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-



100 produced by the injection-nmoul ding machi ne. The nobil e conputing device
can be used for transmtted these pictures with comments for storing or for
study. 5 wbeoennoestbnents can al so be descri bed with theprColiBzw/ngyosd st s of
features or elenents being organized into itens. The respective

conmbi nations of features, which are disclosed in the itemlist, are
regarded as i ndependent subject matter, respectively, that can al so be
conbined with other features 10 of the application. 1. A tenperature
controll er nodule for an injection- nmoul ding rmachi ne conprising a passive
conponent network that conprises 15-a power supply termnal for receiving a
pre- determ ned DC supply voltage, % machi ne node selector switch with at

| east two machi ne node sel ector positjions for selectivel%%connecting t he

pover suppf§TterMStaryt "REone dof "at S1EEdt FPwWoC VT iTAbIr8 TtHie node re-
sistors, auanteyica teyperselectontsmmtch with at |east two material type
sel ector positions for selectively connecting one of the at |east two
25vari abl e machi ne node resistors to one of at |least two material type
resi stors, Taadtergrerotitpat cdrermoilnalk fori pr avictiags & sensorativeeshald val ue,
the output tefingl Jbelng, gonnecied,t the, material  type,Lesistors,

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,



30at | east one analog controller unit, the analog controller unit
conprising a sensor termnal for receiving a sensor neasurenent val ue,

101 a thwe=hmdostet ect or for receiving the sensor thregbohB2aabuiesand t he
sensor measurenment val ue, an optical coupling device being
actuated by 5the threshold detector, a power supply termnal for receiving
an AC power supply, a heater termnal for providing electrical energy to a
heater, and 10-an anal og sem conduct or power switch for providing the AC
power supply fromthe AC power supply termnal to the heater term nal when
the optical coupling device is actuated, wherein 15the threshol d detector
conpri ses a sanple and hold i nput el%ttrical circuit. 2. The t enperat ure

controller nodul e according to item 1, wherein 20t he passive conRonent
net wor k qu?hE@r?ﬁﬂﬂ&FiQ%Ee%Fﬁﬁan? receiving the sensor threshold val-

ue 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 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



down resistor to the output termnal. 3. The tenperature controller
according to item1 or 2, wherein 25the threshold detector further

conpri seswe 2012s1t1es58si s circuit.
according to one of
conprises a voltage com parator.
according to one of

4. The tenperature cont polriiBzo1voziose

itens 1 to 3, wherein 30the threshold detector further
102 5. The tenperature controller
itens 1 to 4, wherein the threshold detector further

nodul e

nodul e

conprises a resistor network for converting an electrical current signal of
ical current sensor to a voltage signal. 6. The tenperature
nodul e according to one of itenms 1 to 5 wherein the threshold
detector conprises a pull-up circuit®® 10 7. The tenperature controller
nodul e according to item 6, wherein the pull-up circuit conprises a pull-up

an 5el ectr
controll er

resi stor.

10

15

20

25

30

—a material type selector switch with atl 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. The output terminal is

connected to the material 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-

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-
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-

sistor.

The analog semiconductor power switch can comprise a bidirec-
tional triode thyristor or a reverse blocking triode thyris-

tor.

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.

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



15 8. The tenperature controller nodule according to item7, wherein the
pull -up circuit further conprises a capacitor connected in parallel to the
pul | -up rweiet2noss80 9. The tenperature control |l er nodul ecCaaBmndn3igsed o one
of items 1 to 8, wherein the anal og sem conductor power switch conprises a
bidirectional triode thyristor. 25 10. The tenperature controller nodul e
according to one of itens 1 to 9, wherein the anal og sem conductor power
switch conprises a reverse blocking triode thyristor. 30 11. The
tenperature controller nodule according to one of itenms 1 to 10, wherein
103 the optical coupling device is energlsed by the threshol d detector when
the sensor nmeasurenment val ue exceeds’® he sensor threshold value. 5 12. The
tenperature controll er nodul e according to one of itenms 1 to 11 wherein
the opti caf"ebupl iy tB@v?l%%lcc?&rrﬁPP%anga I5rOEet ritge cPtical qopp the

t enper at ur eae¢ofd rin epbmpbiid @ aecosth NG e enghofotk@inkessod. to 11, wherein
the optical coupling device conprises a phototransistor. 14. A noul d
assenbly conpri sing

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 is
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



a noul ding cavity, 15a supply nozzle for providing resin material to the
noul di ng cavity, and a tenperature controller device according to one
of itens woti12i3osunt ed on the noul d assenbly, the tenperasmeosiosd rol | er
devi ce being provided for adjusting a 20tenperature of the supply nozzle.
15. An injection-noul ding machi ne conprising an injection-noul di ng
apparatus and a nould assenbly of item 14, the nould assenbly be- 25ing
provided for receiving resin material fromthe in- jection-noulding
apparatus and for shaping the resin material. 16. A tenperature controller
nodul e for an injection-30noul di ng machi ne, the tenperature controller
nodul e com prising a passive %%nponent network for providing a
sensor threshold signal and 104 at | east one controller unit,

wher ei n t h&YBBhY rr‘(ﬂZIZéF uhttS CoMprPees T4 USeRsotIt%r APAEP For*5edBi ving a

sensor neastresedt thkegbBahperature sensor. In this manner, signal to
noise ratio is reduced and quality of temperature control is

improved.

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.



5-an anal og threshol d detector for receiving and for conparing the sensor
threshol d signal and the sensor neasurenent signal, wherein the conparison
i s done byoani2anedseg circuit, an optical coeprileyidempge bei ng
actuated by the 10threshold detector, a power supply term nal for
receiving an AC power supply, a heater termnal for providing electrical
energy to a heater, and 15-an anal og sem conductor power switch that a
thyris- tor device for providing an auto-trigger function in which an

el ectrical current flows fromthe power supply termnal to the thyristor
device via the optical 20coupling device for triggering the thyristor

devi ce mhen the optical coupling devite is actuated, wherein the threshold
det ect or ngrises a sanpl e and hol d jnput electrlcal circuit. 25 17. The

t enper at ur 5 ot TS P RoTTE S 688?6‘?]@6% GeVt & 1%, “SFfef 8F rP4RE Tpassi ve
conponent AeyweHK COPREASESe of the barrela power supply termnal for
receiving a pre-
The mould assembly comprises a moulding cavity, a supply noz-
5 zle, a nozzle temperature controller device mounted on the
mould assembly, and a wireless 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
receiver 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-



30det erm ned DC supply vol tage,

| east two

t he powerweupnogser m nal to one of at |east two vari ablPeTnmazhi/nasode
a material type selector switch with at |east two materi al
sel ector positions for selectively 5 connecting one of the at
vari abl e machi ne node resistors to one of at |least two material type

and an output termnal for providing a sensor threshold

resistors,

resi stors,

a nmachi ne node selector switch with at

machi ne node sel ector positions for selectively 105 connecting

signal, the output term nal being connected to the 10material type
18. The tenperature controller nodule according to item 16 or
n t he passive conpoﬁg%t network conprises a pull-down re-

resistors.
17, wherei

15si st or connectin% to an electrical round and to the output term nal.

The t enper B0+ @ toMFol T 671 Sod T & SR Eordisng T to" die "si Ft emsY £69% 6 18,

type

| east two

19.

wherei n 20the thfeshelidndetector further conprises a hysteresis circuit.
20. The tenperature controller nodule according to one of itens 16 to 19,
wherein 25the threshold detector further conprises a voltage com

10

15

20

25

30

The nozzle temperature controller can comprise a passive com-
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
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-
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-

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
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
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



parator. 21. The tenperature controller nodule according to one of itens 16
to 20, wherein 30the threshold detector further conprises a resistor net-
wor k for woroertinssg an el ectrical current signal of an eceaBroicei1ogwurrent
sensor to a voltage signal. 106 22. The tenperature controller nodul e
according to one of itens 16 to 21, wherein the threshold detector
conprises a pull-up circuit. 5 23. The tenperature controller nodule
according to item 22, wherein the pull-up circuit conprises a pull-up

resistor. 24. The tenperature controller nodule according to item 23,
10wherein the pull-up circuit further conprises a capacitor connected in
parallel to the pull-up resistor. 89 25. The tenperature controller

nodul e according to one of 15itens 16 to 24, wherein the thyristor device
conpri ses 4°Bf di €St PoRalC t¥i0de Ehyt§Etor " Materizg t¥Re thper at ure
controll er tapdul e according to one of 20itens 16 to 25, wherein the
thyristor device conprises a reverse blocking triode thyristor
The passive component network can comprise a pull-down resis-
5 tor. One end of the pull-down resistor connects to an elec-

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.



27. The tenperature controller nodule according to one of 25itens 16 to 26,
wherein the optical coupling device is energised by the threshold detector
when t he wensmriingsasur ement si gnal exceeds the sensor tirceghmiidozbgmnal . 30
28. The tenperature controller nodule according to one of itens 16 to 27,
wherein the optical coupling device conprises a phototriac. 107 29. The
tenperature controller nodule according to one of itens 16 to 27, wherein
the optical coupling device conprises a phototransistor. 5 30. A nould
assenbly conprising a noul ding cavity, a supply nozzle for providing
resin material to the noul ding cavigy, and a tenperature controller device
according to one of 10itens 16 to 2 Grounted on the nould assenbly, the
tem perature controller device being provided for adjusting a tenperature
of the supply FIZZIE8%. P i9fPett O Ko G df Wy THecHiAe coTpti™8i ng 15an

i nj ection- Aot dbNgrappaeat i -aRdlding machiayl driessefbkyief-ndamidn, the
moul d assenbl y. bei ng_provided f.or reqpivi%% resin material fromthe

[ nj ect | on- HBGHHi g PABHAT AU “HECH 6P SHAT RG]t RETELER FAL et ML

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.



20 32. A tenperature controller nodule for an injection-noul ding machi ne,
the tenperature controller nodule conprising a passive conponent network

t hat conpwoer/1d8ssa power supply term nal for receivi ngraTgBEH1/0abE m ned
DC supply voltage, -a material type selector switch with at |east two
material type selector positions for selectively connecting the
pre-determ ned DC 30supply voltage to one of at least two nmaterial type
conponents, and 108 an output term nal for providing a sensor threshold
val ue, the output term nal being connected to the material type
conponents, and at |east one analog controller unit, the analog 5controller
unit that conprises a sensor term ndl for recei ving a sensor neasurenent

val ue, a threshol d detector for receiving the sensor threshold val ue
and t he Seﬁgarmw%%%ﬁﬁéﬁ%%}y heater elevates a temperature of the resin

material within the mould assembly when the mould assembly

heater is energised. Similarly, the injection-moulding appa-

ratus heater elevates a temperature of resin material within
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 controcller may



10val ue, a power supply termnal for receiving a power supply, a heater
termnal for providing electrical energy to a heater, and 15-a switch for
provi di ngvoheizmavsse supply fromthe power supply term naCTiB2oivesibgat er
term nal when the threshold detector activates the switch, wherein 20val ues
of the at least two material type conponents fol- |ow a pre-determ ned
ratio, the ratio being formed by at | east two nunbers, the nunber being
taken fromone group of a set of groups, the set conprises a first group, a
second group, a third group, a fourth group, and a fifth 25group, the first
group conprises nunbers ranging from][102 mnus 10 % (percent)] to [102
plus 10%, the second group conpris nunbers ranging from[118 m nus 10%
to [118 plus 10%, 30the third group conpri ses_nunbers ra,ngi ng from][137
m- nus 1099%t%° [337 pPusTTE4t  thesT Burtiegr dtip- orpdr & s %?Fﬁé“r‘s rangi ng
from[169 pepasuddWhechothd 6% ahusaldLdsl ardpedAudhe sl tbt htgr o conpri ses
nunber s rartlgi ng from[196 m nus 109 to [196 Pl us 109
e desired temperature. Thils is especlally so when the mould
assembly is operating a certain speed that requires the mould
5 assembly temperature controller to respond with a certain

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-



33. The tenperature controller nodule according to item 32, 5wherein the
mat eri al type conponents conprise a resistance tol erance value taken froma
set of pewoent2i108she set conprises 1% (percent), 5%, amrdTAB2G11/00984. The
tenperature controller nodule according to item 32 or 33, wherein the

passi ve conponent network further conprises a nachine node selector swtch
wth at | east two machi ne node sel ector positions for

sel ectively 15connecting the power supply terminal to one of at |east two
vari abl e machi ne node conponents and the material type selector switch
selectively con- necting one of the at |east two variabl e nmachi ne

node conponents to one of the at | east two materi al 20t ype conponents. 35.
The tenperature controller nodul e according to one of itenms 32 to 34,

wher ei n' t hBSpASSTS E°85RpbHENt e fwor KF i ther Tt 88 SE®FE L down

conponent eenneftlidly bacan<£lLeablecasigymund and to the output term nal.

The pressure controller valve module comprises a passive com-
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.



36. The tenperature controller nodule according to one of itenms 32 to 35,
wherein 30the threshol d detector conprises a sanple and hol d i nput

el ectri cavoenrxungsy 110 37. The tenperature control | er pomdBoa1/ef108w di ng to
one of itens 32 to 36, wherein the threshold detector further conprises a
hysteresis circuit. 5 38. The tenperature controller nodule according to
one of itens 32 to 37, wherein the threshold detector further conprises a
vol tage conparator. 10 39. The tenperature controller nodule according to
one of itenms 32 to 38, wherein the threshol d detector further
conprises a resistor network for converting an electrical current signal of
an 15electrical current sensor to a %%Itage signal. 40. The tenperature
controll er nodule according to one of itens 32 to 39, wherein the threshold

det ect or cOMPri3e€ &eplirelp i*PEti tOF 2 AL HRe t'émier at Uf &/3ddftrol | er
nodul e accaesdpngrided tem dhtnshefieynan amount of force being applied

to a cavity mould of an injection-moulding machine. The force
is transmitted from an hydraulic pump to a cylinder-piston
5 arrangement, wherein 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 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-



the pull-up circuit conprises a pull-up resistor. 25 42. The tenperature
controller nodule according to item41l, wherein the pull-up circuit further
conpri seswe mpaaessbor connected in parallel to the pul |l Pap/iBBai/siless 30 43.
The tenperature controller nodule according to one of itenms 32 to 42,
wherein the switch conprises a bidirectional triode thyristor. 111 44. The
tenperature controller nodule according to one of itens 32 to 42, wherein
the switch conprises a reverse blocking triode thyristor. 5 45. The
tenperature controller nodul e according to one of itenms 32 to 44, wherein
t he anal og controller unit further conprises an optical coupling

devi ce being actuated by the t hresh-*0ol d detector, the threshol d detector
activates the switch_via the optical coupling device. 46. The tenperature
control | er Pidut 8- &@¢cordi He tv&li"teeﬁ‘?%l,na\%gpgil nt5PRE L8Pt TEHIC Coupl i ng

devi ce i s enetgt sediebystrheci hrseshtuat€h.dehechosl shernt bengeftsar nmeasur enent
val ue exceeds the ,seEsor t hr esh he tenperature

| d_val ue. 47. T
cont ol | o1 SREHHI S 36Cor UMY o T TEHT 45 2061 A6 WhdPsi Hover urtLy

terminal to the wvalve 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.



the optical coupling device conprises a phototriac. 48. The tenperature
controller nodule according to item 45 or 46, wherein 25the optical
coupl i ng weworei1e83apri ses a phototransistor. 49. A noul @#CIABBXTYDI986
conprising a noul ding cavity, a supply nozzle for
providing resin material to the 30noul ding cavity, and a tenperature
controll er device according to one of itens 32 to 48 nounted on the noul d
assenbly, the tem 112 perature controller device being provided for
adjusting a tenperature of the supply nozzle. 50. An injection-noulding
machi ne conprising 5an injection-noul ding apparatus and a noul d
assenbly of item 49, the nould asseﬁﬁiy bei ng provided for receiving resin
material fromthe injection-nDuIding{%ﬁggratus and for shapjnq_the resin

[

material . 185 RMELRBE BFY CalFFbE S} EBADErSSUFEScONt TS er devi ce
for an injeectpoingmurldcageymachihaeschdier MREBAde P RaSLBgeh20B Rgea resin

material type and,a SEnser.dyRe:

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 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-



15choosi ng a node of the injection-noul ding nmachine, setting a
materi al type selector switch of a passive conponent network according to

t he resi rwoaberiiedsot ype, setting a nachi ne mouaBzai/exvgr switch
of the pas- 20sive conponent network according to the node of the in-
j ection-noul di ng machi ne, measuring a voltage of the passive

conponent network, and adjusting a variable resistor of the passive conpo-
25nent network until the neasured voltage essentially reaches a val ue that
is determ ned according to the chosen resin material type, to the chosen
sensor type, and to the chosen node of the nould injecting machine. 30 52.
A tenperature controller device for %4ovision within a mani fold chanber
assenbly of an injection-poul ding nachine,ltenperaturﬁ,contrqller devi ce
conpri si ng &t EHper dt @ Tt Ol BY CifbtitiCe tafa: W3 CYIinde g RIgdPAg
encl osi ng theatgmmeratuee Lol hefomduwherhé heowwasnggcihiady QBpPri ses a
first outer_dinension of Iess than or equal to 60 nm a second outer
di mensi on 6185 15h&R300 nmand a third outer dimension of |ess 5than or
equal to 30 nm 53. The tenperature controller device according to item 52,
whereln5tl1%hgag§f¥%d%%gggé§§§ J%rgggéﬁgﬁﬁﬂéﬁh %Qa£¥%vided 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 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



10 54. The tenperature controller device according to item 52 or 53,
wherein the tenperature control |l er nodul e conprises a passi ve conponent
net wor k twetoommwsvses an out- 15put term nal, wherein the/nBtipoi19ser m nal
provi des a sensor threshold value and at |east one controller unit, the
controller unit that conprises a sensor termnal for
recei ving a sensor neas- 20urenent value, a threshold detector for

recei ving the sensor threshold value and the sensor neasurenent val ue,

a power supply termnal for receiving an AC 25power supply, a heater
termnal for providing electrical power to a heater, and a switch for
provi di ng the AC power supply 98 fromthe AC power

supply term nal to the heat- 30er term nal when the threshol d detector
acti - vateés??ﬂp 1§Cﬁrov1ded for receiving resin material from the

injection-moulding apparatus and for shaping the resin mate-

rial.

5 The application also provides 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



114 55. The tenperature controller device according to item 54, wherein the
passi ve conponent network further conprises a power supply

term nal wororxaessvi ng a pre- 5determ ned DC supply vol ragaB201&osmshi ne
node selector switch with at | east two machi ne node sel ector positions for
sel ectively connecting the power supply termnal to one of at |east two
vari abl e machi ne node resistors, and 10-a material type selector switch
with at least two material type selector positions for selectively
connecting one of the at |east two variable machi ne node resistors to one
of at least two material type resistors, 15wherein the output termnal is
connected to the material type resistors. 56. The tenperature
control |l er device according to item54 20or 55, wherein the passive
conponent ﬁ@ﬂ9&%%@?ﬂ??ﬁ@?n%dﬁﬁWﬁgﬁsl%fﬂﬁFFathﬁl¥%§F§F8Fe%%ﬁﬁ§€&Png to an
el ectri cal pge ottt ranadetiosdé s Ouhpethd BT Manak. 25 57. The tenperature
controll er device according to one of itens 54 to 56, wherein the threshold
detector conprises a sanple and hold input electrical circuit. 30 58. The

t enper at ur eue ot fddear 1devitce faeaened ng rtto caneb®fa irtegast S5édhdro thé, wherein

5 sensor measurement value is different from 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



the threshold detector further conprises a hysteresis circuit. 115 59. The
tenperature controller device according to one of itens 54 to 57, wherein
t he t hr eswol2didiavsset or further conprises a voltage com pepaBztions19&0. The
tenperature controller device according to one of itenms 54 to 59, wherein
the threshold detector further conprises a resistor net- 10work for
converting an electrical current signal of an electrical current sensor to
a voltage signal. 61. The tenperature controller device according to one of
itens 54 to 60, wherein 15the threshold detector conprises a pull-up
circuit. 62. The tenperature controller device according to item 61,
wherein the pull-up circuit conpriségoa puII-up resistor. 63. The
tenperature controll er device according to item 62, wherein the pull-up
circuit fuPCREFCEbmpr t88s' ™ CApasitor! n@@?%ﬂ“?niﬁﬁrQP?%Vaf@mPHe pul | -up
resistor. 64ngTheienpenatangeconbt of tersndeviaeriazeopdtogrdo wane of items
54 to 63, wherein %%e swtch co rlses(f bidirectional triode thyristor.

comments r storing or

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 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,



30 65. The tenperature controller device according to one of itens
63, wherein the switch conprises a reverse blocking triode thyristor. 116
66. The twoperatiosse control | er device according to one @eCTIBEIYIE4SG 0 65,

wherein the controller unit further conprises 5an optical
bei ng actuated by the thresh- old detector when the sensor

val ue exceeds or is below the sensor threshold val ue, the threshol
detector activates the switch via the optical coupling device. 10
tenperature controller device according to item 66, wherein the optica
coupling device is energised by the threshold detector when the sensor
measur enent val ue exceeds 15the sens8F threshold val ue, the threshold
detector acti- vates the switch via the optical coupling device. 68. The

tenperature control l'er d@Vit&SACLBrHFHFHG fPEMBE O 87 PWETEPA 20t he

opti cal

controll er device according to item 66 or 67, wherein the optical
devi ce conprises a photoftahsi stor.

5

10

15

20

25

30

an optical coupling device being actuated by
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
- 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
the threshold detector comprises a sample and hold input

electrical circuit.

The temperature controller module according to item 1,
wherein
the passive component network further comprises a pull-

down resistor to the output terminal.

The temperature controller module according to item 1 or
2, wherein
the threshold detector further comprises a hysteresis

circuit.

The temperature controller module according to one of
items 1 to 3, wherein
the threshold detector further comprises a voltage com-

parator.

54 to

coupl i ng device
measur enent

d
67. The

coupl i ng devi ce tofgEHcIasvalphoinet thacCsedSr Thestesmpearat ure

coupling



25 70. A noul d assenbly conpri sing a back plate that conprises a

receiving cavity for receiving resin material, a noul di ng
pl at e t havocompridgses at | east one noul d- 30ing cavity fe®cTahzpi/ngotde resin
materi al , a supply nozzle with a manifold assenbly for providing the

resin material fromthe receiving cavity to the nmoulding cavity, and 117
a tenperature controller unit for adjusting a tenperature of the supply
nozzl e, wherein the back plate and the noul ding plate are separated by a
di stance, 5wherein the back plate and the noul di ng pl ate define a chanber
for enclosing the manifold assenbly and the tenperature controller device.
71. The nmoul d assenbly according tolPfem 70, wherein 10t he t enperat ure
controller unit _conprises a tenperature controller device according to one

of items 52°'to BF TPEPCARCII &CFT ORI OUIGICHGS ndlcHi He "EohPrisi fd an
i nj ection-noul ditwghsappasdad usihamdin

the threshold detector further comprises a resistor net-
work for converting an electrical current signal of an

5 electrical current sensor to a voltage signal.

6. The temperature controller module according to one of
items 1 to 5, 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



15a moul d assenbly according to item 70 or 71, the nould assenbly being
provided for receiving resin material fromthe injection-noul ding apparatus
and for sweporgivbsse resin material. 20 73. A devi ce conmpCraBIg1/631986

i njection-nmoul ding apparatus that conprises a barrel for receiving resin
material and for nmelting the resin material and a barrel
tenperature controller device and 25a noul d assenbly that conprises

a nmoul ding cavity, a supply nozzle for channelling the resin material to
t he noul di ng cavity, a nozzle tenperature controller
devi ce mounted 30on the noul d assenbly, and a wireless transmtter for
sendi ng information of the nozzle t éfperature control l er device, 118
wherein the injection-noul ding apparatus further conprises a wreless
recei ver for red¥ VPG the zid ?%ﬁﬁ%?é?u?Eef%ﬁﬁ94H%Vth%é§F€€h"

i nformation, old wheeetdir thennanzl ssieperaburanaontaolé esxademisce 1S pro-

5vi ded for ad]%ﬁ&;% ngoget ;ggﬂ%ﬁgevngghe supply nozzl e,

5 12. The temperature controller module according to one of
items 1 to 11, wherein

the optical coupling device comprises a phototriac.

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



and wherein the barrel tenperature controller is provided for adjusting a
tenperature of the barrel according to the nozzle tenperature controller
devi ce i nvoroeti10859 10 74. The device according to itempC3/IBXhenanss t he
wireless transmtter conprises an analog to digital converter (ADC) for
converting the nozzle tenperature controller device information into a
digital format, 15such that the wireless transmtter can send the digital-
ised information. 75. The device according to item 73 or 74, wherein the
nozzl e tenperature controller conprises 20-a passive conponent network that
conprises an out- put terminal, wherein the output term nal provides a
sensor threshold value, and at |easf“one controller unit, the controller
unit that conprises 25-a sensor termnal for receiving a sensor neas-

urement val ue, a tRreshidtd Y&t ECLOICHET FBEEI VITHY St he 88nsBI *Phieshol d
val ue and the sensamimeastseneat val ue, 30-a power supply termnal for
receiving el ectri- cal pover,  a heaer termnal for providing efectrical
power to a heater, &nd g
ment signal,
5 - an analog threshold detector for receiving and for
comparing the sensor threshold signal and the sen-
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 via 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



119 a switch for providing the electrical power fromthe AC power supply
termnal to the heat- er term nal when the threshold detector acti- vates

t he sw t WO 281278085%he devi ce according to item 75, wher eCm/iBle1/passi ve
conponent network further conprises a power supply term nal for receiving
a predeterm ned DC supply voltage, 10-a machi ne node sel ector switch with
at | east two nmachi ne node sel ector positions for selectively connecting the
power supply terminal to one of at |east two variable machi ne node
resistors, and a material type selector switch with at |east two
15material type selector positions for selectively connecting one of the at
| east two variabl e nachi ne node resi'f8fors to one of at least two nateri al
type resistors, and wherein t he outgut, termnal is connected to

the material type 26PBEFStUIS . tNP7PO e v ¥et i hg P i%%emt75 or 76,
wherei n the passi ve leasponeitvaretisns knddiithbeno conysiisesra, pul | - down
resi stor connecting to an electrical eground and to
- a material type selector switch with at least two
material type selector positions for selectively
5 connecting one 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.



25t he output termnal. 78. The device according to one of itens 75 to 77,
wherein the threshold detector conprises a sanple and hold i nput el ectrical
circuit. 80202113835 devi ce according to one of itens 75pCo/BB11/041686ki n t he
threshol d detector further conprises a hysteresis circuit. 120 80. The
devi ce according to one of itenms 75 to 79, wherein the threshol d detector
further conprises a voltage conparator. 81. The device according to one of
itens 75 to 80, wherein the threshold detector further conprises a resistor
network for converting an electrical current signal of an electrical
current sensor to a voltage signal. 82. The device according to one of
itens 75 to 81, wherein the threshol8°detector conprises a pull-up circuit.
83. The device according to item 82, wherein 15the pull-up circuit

conpri ses §2pufpﬁhﬁeﬁ8§g%?%ﬁ? QRIS AVIReC aRECTIRY £ 1eMi83, wherein
the pul |l -up cirtidnts figr tberi,compreses a capacitor connected in parallel to
the pull-up resjistor vice according to one of itens 75 to 84,

. . or .20 gikiThetde g
wherein the sw t'th "CoRpreses a6 af r &8 6rar ¢ ri'ode Fhiristor. 86. The

device according to one of itenms 75 to 84, wherein 25the switch conprises a
reverse_bl Ki triode thyris- tor..87. The device accordin one of
G 75 16086 ThhaPOPETt N SRR EP AT RCE TP Pt agEr | Wi 2,

wherein

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-
0old 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.



30an optical coupling device being actuated by the thresh- old detector,
the threshold detector activates the switch via the optical coupling

devi ce. 10 28R/1178%¢ devi ce according to item 87, wherei rCrhB200pbiiesd
coupling device is energised by the threshold detector when the sensor
measur enent val ue exceeds the sensor threshold value. 5 89. The device
according to item 87 or 88, wherein the optical coupling device conprises a
phototri ac. 90. The device according to item 87 or 88, wherein 10t he
optical coupling device conprises a phototransistor. 91. A nethod of
controlling a tenperature of an injection-noulding machine, the nethod that
conpri ses transferﬁpﬁg resin material from an

i njection-15nmoul di ng apparatus to a nould assenbly, actuating a nould
assenbl y héat or U5y HTRBET O SERBF 1 Umgerat or & CURERGI Ferone of

transm tting noidghsassendl y7,t empeeature controller status information to an
i nj ection-noul ding apparatus 2Qtenperature controller, and . actuating

an i nj ect ] on- moUIiIRG AP BEUS oAt 61Dy FRe: 1T GcErBRC ROUTTHg  appar at Us

tenperature controller according to the nould assenbly tenperature

controlger gtagyschfornagg n. 25 Qg.hjhe met hod according to item91
wher ei n°t h&" ot d*XeSerbt Y t emserat tit d*Tont rol | er status information
conprises a nould assenblyitenpeiature sensor measurenent val ue and a noul d

assenbly pre_detern%n%9p89§%ﬂggﬁgtgggI%%k%%ing 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



93. The nethod according to item92 or 93, wherein 122 the
i njection-noul di ng apparatus heater is energi sed when the nould assenbly
t enper at Wwe 28endass9neasur enent value is | ess than t he mpairdB2dsesméey
pre-determ ned tenperature value. 5 94. The nethod according to one of
itens 91 to 93, wherein the transm ssion of nould assenbly tenperature
controller status information is perforned in a wireless manner. 10 95. A
pressure controller valve nodul e conprising a passive conponent network for
provi ding a sensor threshold val ue and at | east one
controller unit, wherein the control-15ler unit that conprises a sensor
termnal for receiving a pressure ne38urenent value, an anal og threshol d
detector for receiving the sensor threshal d val ue and 20t he pressure
measurement val ue and foF Tonpar FRg e §8ﬁsB?OY%?€§h6IﬁFW%FSe with the
pressure neasurenent val tigyesMieretalide teenpatpsondraidanedingan anal og
circuit, an opti cal couplﬁn devlci bei ng act uat ed b¥ t he
<P f

25anal og threshol d det ect ot cc &% poRel Pyt ermifraoFBr yEcsi ¥y a power

supply, a valve temrf naksf anecaehuadd ngprithelvatr veyitandhe anamganal og
sem conduct or power itch th onprises 30a thyristor device for
providigg an ad?glrpﬁééérunlt ThatO0BRS A% s

- a sensor terminal for receiving a sensor meas-

urement value,
- a threshold detector for receiving the sensor
threshold value and the sensor measurement
10 value,
- a power supply terminal for receiving a power
supply,
- a heater terminal for providing electrical en-
ergy to a heater, and
15 - a switch for providing the power supply from
the power supply terminal to the heater termi-
nal when the threshold detector activates the
switch,
wherein
20 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
25 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%],
30 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



function in which an electrical current flows fromthe power supply
termnal to the thyristor device via the optical 123 coupling device for
triggeri ngotzhe/tibgspi st or devi ce when the optical coupli rgTABMI1CES1IDSS
act uat ed. 96. The pressure controller valve nodule according to item
595, wherein the anal og threshold detector conprises a sanple and hold
i nput electrical circuit. 97. The pressure controller valve nodul e
according to item 1095 or 96, wherein the analog threshold detector further
conprises a hysteresis circuit. The pressure controller valve nodul e
according to one of itens 95 to 97, wherein the anal og threshol d detector
further conprises a voltage conparaﬁB?. The pressure controller valve
nodul e accordinqlto,one of itens 95 to 98, wherein the analog threshold
detector furt herPToipFhseso P FOBPEL 675 MRTRGFR U019 :06ne&PET Hg a8l ectr i cal
current signal ©fs anzel estrigallcerrent. sensor to a voltage signal. The
pressure controller valve nodule according to one of itens 95 to 99,
wher ei n

33. The temperature controller module according to item 32,

5 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%.

10 34. 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
15 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

20 type components.

35. The temperature controller module according to one of
items 32 to 34, wherein
the passive component network further comprises
25 a pull-down component connecting to an electrical ground

and to the output terminal.

36. The temperature controller module according to one of
items 32 to 35, wherein
30 the threshold detector comprises a sample and hold input

electrical circuit.



the anal og threshol d detector conprises a pull-up circuit. The pressure
controller valve nodule according to item 100, wherein the pull-up circuit
conpri seswea?2piiiessp resistor. 124 102. The pressure comrCTaBioar/osase e
nodul e according to item 101, wherein the pull-up circuit further conprises
a capacitor connected in parallel to the pull-up resistor. 103. The
pressure controller valve nodule according to one of itens 95 to 102,
wherein the anal og sem conductor power switch conprises a bidirectiona
triode thyristor. 104. The pressure controller val ve nodul e according to
one of itens 95 to 103, wherein the anal og sem conductor power sw tch
conprises a reverse bl ocking triode ﬁﬂyrlstor 15 105. The pressure
control |l er _val ve nmodul e accordlngéto one of itenms 95 to 104, wherein

the opticalf’'coupts ngTHEYT &S $OBREP Gt Ted YL Ene a8 FRAr¥Ehetd det ect or

when t he sensoritgasygeepenis,vaihdeeex- 20ceeds the sensor threshold val ue.

106. The pressure ntroIL r.val ve dul e accordjn% to, one of itens 95 to
105, wher 6 n TN opTTEAre O TRy et 0 oy SUe o "phOT ot Tide. 28
circuit.
5
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.



107. The pressure controller valve nodule according to one of itens 95 to
105, wherein the optical coupling device conprises a phototransistor. 30

108. A nowbaomsdesshl y conpri sing a novabl e di e w PhTaBmuabviloseary die,
the stationary die and the novable die defining a noulding cavity when 125
the stationary die and the novable die are in a closed state, a

supply nozzle for providing resin material to the noulding cavity, 5a
novi ng core for conpressing the resin material within the noul ding cavity,
a noul ding cavity pin provided in the noulding cav- ity for receiving a
pressure of the noulding cavity and_a_pressure controller device that
conpri ses 10-a pressure sensor for Fé&eiving the noul ding cavity pressure
fromthe moul ding cavity pin, a hydraulic punp, a cylinder-piston
arrangenenﬁ4coﬁH€%F@ﬂﬁef%tT%%CﬁVHFéHVF%nﬁﬁﬁge3¥é99fqﬁ?8r5%I?Q?qune,
15wherei n the cylduyder- pb sipn waetangenent is

the switch comprises a reverse blocking triode thyris-

tor.

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-

0ld 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-



provi ded for asserting a force on the noving core when the cylinder-piston
arrangenent is actuated by the hydraulic punp, wherein the
hydr aul i cwbi2ne/1aesspri ses a val ve 20f or adjusting the force/nBrmii/basovi ng
core, and a pressure controller unit for actuating the valve according to
t he nmoul ding cavity pressure. 25 109. The noul d assenbly of item 108,
wherein the noulding cavity pin conprises an ejector pin. 110. The nould
assenbly of item 108 or 109, wherein 30the noulding cavity pin extends from
the nould cavity to an ejector plate, the ejector plate being provided for
activating the nmoulding cavity pin such that noulding 126 cavity pin
renoves a finished part of the nnul&ﬂ%g cavity fromthe noul ding cavity.
111. The nould assenbly of one of itens 108 to 110 erei n 5the pressure

wh
control | er uni tPCOHPrEsES E Présshre coRSifPoPTardesl var msdinse *a8cor di ng t o

one of itens 96a temb@Bature 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



112. An injection-noul di ng machi ne conprising 10an injection-noul di ng
appar at us and a noul d assenbly according to item 108 to 111, the
nmoul d asswotbiz/hiessag provi ded for receiving resin nateripali/iBroamibg
i njection-nmoul di ng apparatus and for shaping the resin material. 15 113. An
i njection-nmoul ding machi ne conprising a nould assenbly that conprises a
tenperature controller device and a wireless transmtter for sending
i nformati on 20of the tenperature controller device, and a robotic armunit
for transferring at |east one finished part to at |east tw bins, wherein
the bin is selected according to the tenperature controller device
information. 25 114. The injection- ABal di ng machi ne according to item 113,
wherein the tenperature controller device information conprises a
pre-det er ni ned sensér CEAPESHAICD O ar det Hnd SEPSEHSHT® SOREERUTEnERt " val ue.
115. A nethod f@re,asskegaifithd ithbsheshpardes af farstd riueeki @mdmulodi ng machi ne
to bins, the metpcid tha£ corEpri ses . :

¢} ess 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 wvalue 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.



127 selecting a reject bin type when a sensor neasurenent val ue of
the injection-noulding nmachine is different froma pre-determ ned sensor

t hr eshol dwoab1e1069116. An i nj ecti on-noul di ng managenentPCIMBLGNMOTIONPT | Si Ng
an injection-noulding machine with a display screen, the display being
provi ded for showi ng a sensor threshold value and a sensor neasurenent

val ue of the injection-noul ding nachine and 10a nobil e conputing device
for receiving a status report, wherein the status report conprises the
sensor threshold value and the sensor neasurenent val ue and for
transmtting the status report to a_servlber, wherein the server generates
an alert us- ing the status report.lii7. The i njection-noul di ng nanagenent
systen1accordigg}to item 116, wherein 20t he nobil e conmputing device

> Q. FeRPERDUYIT CRETABOVE dESCFT ptt ot CaAt AP ns"SHuch:

conpri ses a°ca

specificity, thiseghould not be construed as |imting the scope of the

enbodi nents but nerelﬁggrovidingn%llustr tions of the foreseea- 25 ble
f

enbodi nents. Equt%&RERE G FEHYP DEHETE SREFITaICPFLtfts illustrated in
t he descri ption ar e appsseébl mipplhetabove stratededeatinges pfet he enbodi ment s

shoul d pot be construed especiall limting the scope of the enbodinents
30 but Eerely to exﬁ?gfﬁmﬁ%§§fgl5¥%§§¥é’g%%ﬁ?s if the described embodi ments

are put into practi eemaFhirs; rolde sebdpecwof sthecenbiodi mentsasthowiod be
gfaggﬁ‘”ingéELEEEﬁé%h&%W%E%>eh%bﬁegﬂ%!%%%§928msrcﬁh%élégéﬂmg% the exanpl es
connecting the power supply terminal to one of at
least two variable machine mode resistors, and
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,
15 wherein

the output terminal is connected to the material type

resistors.

56. The temperature controller device according to item 54
20 or 55, wherein
the passive component network further comprises a 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 threshold detector comprises a sample and hold input

electrical circuit.

30 58. The temperature controller device according to one of
items 54 to 57, wherein
the threshold detector further comprises a hysteresis

circuit.



12vol tage conparator 14inverting input pin 514" inverting input pin
16non-inverting input pin 16" non-inverting input pin 18output pin
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pi n 26i nput pin 1527ground pin 28opt ocoupl er 29cat hode pin 30em tter output
pin 31lcol | ector output pin
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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.
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The temperature controller device according to one of
items 54 to 65, wherein

the controller unit further comprises

an optical coupling device being actuated by the thresh-
0ld detector when the sensor measurement value exceeds
or 1s below the sensor threshold wvalue, the threshold
detector activates the switch via the optical coupling

device.

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
the sensor threshold value, the threshold detector acti-

vates the switch via the optical coupling device.

The temperature controller device according to item 66
or 67, wherein

the optical coupling device comprises a phototriac.

The temperature controller device according to item 66
or 67, wherein

the optical coupling device comprises a phototransistor.

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-
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

2539phot ot ri ac 40t enper at ure-sensi ng devi ce 44

129
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60st ep

down out put node 61t her nocoupl e sensor 62DC power source 1064resistive
OB EDI2sanesor 66resi stive trinmer 68switch 70sw PchigHiPoagsest or
74resistor 76resistor 78resistor 80resistor 2082plurality

tri mrer

10

15

20

25

30

71.

72.

73.

117

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,
wherein the back plate and the moulding plate define a
chamber for enclosing the manifold assembly and the tem-

perature controller device.

The mould assembly according to item 70, wherein
the temperature controller unit comprises a temperature

controller device according to one of items 52 to 69.

An injection-moulding machine comprising

an injection-moulding apparatus and

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.

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

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
on the mould assembly, and

- a wireless transmitter for sending information

of the nozzle temperature controller device,
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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-
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.

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,
such that the wireless transmitter can send the digital-

ised information.

The device according to item 73 or 74, wherein

the nozzle temperature controller comprises

- a passive component network that comprises an out-
put terminal, wherein the output terminal provides

a sensor threshold wvalue, and

- at least one controller unit, the controller unit
that comprises

- 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 electri-
cal power,

- a heater terminal for providing electrical

power to a heater, and

PCT/IB2011/051986

cont r ol
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- 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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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.



552 moul d injection apparatus 553 nould assenbly 559 mani fold assenbly 561
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88. 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.

89. The 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

10 the optical coupling device comprises a phototransistor.

91. A method of controlling a temperature of an injection-
moulding machine, the method that comprises
transferring resin material from an injection-
15 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
20 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.
25
92. 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

30 temperature value.

93. 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



15655 recei ver nodul e 657 barrel heater controller 658 wirel ess receiver
devi ce 660 recei ver antenna 662 i nput port 20665 output port 667
i nput porwoe6R/1108se 669 out put port 670 |ine 25671 barr ecTthBzuensiosdul e 673
i nput port 674 robotic armcontroller 676 output port 677 tenperature graph
30678 moul d assenbly reference tenperature |ine 679 nould assenbly
tenperature |line

123

coupling device for triggering the thyristor device

when the optical coupling device is actuated.

96. The pressure controller valve module according to item
5 95, wherein
the analog threshold detector comprises a sample and

hold input electrical circuit.

97. The pressure controller valve module according to item
10 95 or 96, wherein
the analog threshold detector further comprises a hyste-

resis circuit.

98. The pressure controller valve module according to one of
15 items 95 to 97, wherein
the analog threshold detector further comprises a volt-

age comparator.

99. The pressure controller valve module according to one of
20 items 95 to 98, wherein
the analog threshold detector further comprises a resis-
tor network for converting an electrical current signal

of an electrical current sensor to a voltage signal.

25 100. The pressure controller valve module according to one of
items 95 to 99, wherein
the analog threshold detector comprises a pull-up cir-

cuit.

30 101. The pressure controller valve module according to item
100, wherein

the pull-up circuit comprises a pull-up resistor.



680 nmoul d assenbly tenperature upper control
tenperature | ower control |ine 133 682 heater status graph 683 nould
assenbl y weaberiisssat us | i ne 684 tenperature graph 685 ascwaszhi/esivssf er ence
tenperature |ine 5686 injection-noul ding apparatus tenperature |ine 687

i nj ection-noul di ng apparatus tenperature upper control |ine 688

i njection-noul ding apparatus tenperature |ower contro
status graph 690 injection-noul di ng apparatus heater status |ine 691

robotic armunit 692 flow chart 693 step

10

15

20

25

30

102.

103.

104.

105.

106.

107.

108.

124

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.

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.

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.

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-

ceeds the sensor threshold wvalue.

The pressure controller valve module according to one of
items 95 to 105, wherein

the optical coupling device comprises a phototriac.

The pressure controller valve module according to one of
items 95 to 105, wherein

the optical coupling device comprises a phototransistor.

A mould assembly comprising
a movable die with a stationary die, the stationary

die and the movable die defining a moulding cavity when

line 681 nould assenbly

| i ne 10689 heater
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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 wvalue.

5 116. 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
10 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-
15 er, wherein the server generates an alert us-

ing the status report.

117. The injection-moulding management system according to
item 116, wherein

20 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-
25 Dble 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
30 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 27 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 (MT2) pin
30 48 AC power supply
50 heater
51 diagrams

52 TRIAC supply voltage
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54 IC sensor
55 centigrade temperature sensor

56 voltage step-down circuit

57 temperature-sensor output node
5 58 first resistor
59 second resistor

60 step down output node

6l thermocouple sensor
62 DC power source
10 64 resistive trimmer

65 RTD sensor

66 resistive trimmer
68 switch

70 switch

15 72 resistor
74 resistor
76 resistor
78 resistor
80 resistor
20 82 plurality
84 reference-voltage output pin
86 end
87 end
89 node
25 90 end
91 end
92 node
93 node
95 node
30 97 node
98 node
99 node

100 control circuit



909 pul |l -down resistor 912 nonitoring voltage nmeter 950 injection-noul ding
957 sol enoi d val ve 960 piezoelectric

reser voi PCI8B20mNEgETENt

985 nobil e phone

machi ne 136 955 pressure sensor
el enent W0 2012/110859965 hydraul i c punp 5968 oi
system 982 i njection-noul ding machi ne 983 di splay term nal

10986 server

10

15

20

25

30

Rlresi stor R2resistor R3resistor 137

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
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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



CLAIMS 1. A tenperature controller nodule for an injection-

nmoul di ng machi ne, the tenperature controller nodule com 5prising a
passi ve cwoporerbdssaet work for providing a sensor threshelca/B2gred1osnd

at | east one controller unit, wherein the controller unit conprises 10-a
sensor termnal for receiving a sensor neasure- nent signal, an anal og
threshol d detector for receiving and for conparing the sensor threshold
signal and the sensor neasurenent signal, wherein the conparison is 15done
by an analog circuit, an optical coupling device being actuated by the
threshol d detector, a power supply termnal for receiving an AC power
supply, 20-a heater termnal for préé?ding el ectrical energy to a heater,
and an anal og sem conductor power switch that a thyristor device for
provi ding an auto:t FPGYere fHEET8h i n whi ch 25an el ectrical current flows
fromthe power supplopttetstnialalto the thyristor device via the optical

coupling deV|ce5%§ré%%ég%ggtng the thyristor device when the optical

coupl i ng device
537 supply voltage

5 550 injection-moulding machine
552 mould injection apparatus
553 mould assembly
559 manifold assembly
561 moulding plate

10 562 back plate
564 insulator spacer
568 spacer block
569 space
577 cavity nozzle

15 578 stationary die
586 runner
590 casing
592 wvoltage comparator
594 first resistor

20 596 second resistor
600 controller system
603 first control module
605 mould assembly
607 second control module

25 609 injection-moulding apparatus
610 reference voltage supply
612 nozzle control circuit
614 transmitter module
616 output node

30 618 first input node
619 first input node
621 second input node

623 second input node



wherein 30the threshold detector conprises a sanple and hold i nput
electrical circuit. 138 2.The tenperature controller nodul e according to
claim1l, wbereynosgshe passi ve conponent network conpri se®CT/IB2011/051986 a power
supply termnal for receiving a pre-5determ ned DC supply voltage, a
machi ne node sel ector switch with at | east two machi ne node sel ect or
positions for selectively connecting the power supply termnal to one of at
| east two variabl e machi ne node resistors, 10-a nmaterial type sel ector
switch with at least two nmaterial type selector positions for selectively
connecting one of the at |east two variable machi ne node resistors to one
of at least two material type resi stofs, and 15-an output term nal for
provi ding a sensor thresholqisignal, the output term nal being connected to
the material type r&FEtor¥?e3. The tenperature control | er nmodul e accordi ng
to claiml, 20weEr eitenbbeatpassisvascoppmiert network conprises a pul | -down
resistor connecéi&g to an ekfctrical ground and to the output termnal.
output node
631 nozzle heater module
5 632 first ADC
634 second ADC
636 wireless transmitter device
638 input port
640 input port
10 642 output port
644 output port
646 input port
648 output port
650 transmitter antenna
15 655 receiver module
657 Dbarrel heater controller
658 wireless receiver device
660 receiver antenna
662 input port
20 665 output port
667 input port
668 line
669 output port
670 line
25 671 Dbarrel heater module
673 input port
674 robotic arm controller
676 output port
677 temperature graph
30 678 mould assembly reference temperature line
679 mould assembly temperature line

680 mould assembly temperature upper control line

681 mould assembly temperature lower control line



25 4. The tenperature controller nodule according to claim11, wherein the
threshol d detector further conprises a hysteresis circuit. 30 5. The

t enper at we 20mntiogsb| er nodul e according to claim1, wherernBtheoibseshol d
detector further conprises a voltage conparator. 139 6. The tenperature
controll er nodule according to claim1, wherein the threshol d detector
further conprises a resistor net- 5work for converting an el ectrical

current signal of an electrical current sensor to a voltage signal. 7The
tenperature controller nodule according to claim 1, wherein 10the threshold
detector conprises a pull-up CIrCUIt 8. The tenperature controller nodul e
according to claim7, wherein 33

682 heater status graph
683 mould assembly heater status line
684 temperature graph
685 adjustable reference temperature line
5 686 1injection-moulding apparatus temperature line
687 1injection-moulding apparatus temperature upper con-
trol line
688 injection-moulding apparatus temperature lower con-
trol line
10 689 heater status graph
690 injection-moulding apparatus heater status line
691 robotic arm unit

092 flow chart

693 step
15 694 step
695 step
695 step
696 step
697 step
20 700 comparator device

702 comparator
704 non-inverting input node
706 inverting node input
707 output node
25 709 first resistor
711 first input pin
713 second resistor
715 second input pin
720 comparator device
30 723 comparator
725 sample and hold module
727 sample and hold module

729 first capacitor



the pull-up circuit conprises a pull-up resistor. 9. The tenperature
controller nodule according to claim8, wherein the pull-up circuit further
conpri seswe wompaaessbor connected in parallel to the pul |l Pap/iBBai/siiess 10.
The tenperature controller nodule according to claim1, wherein the
thyristor device conprises a bidirectional triode thyristor. 11. The
tenperature controller nodule according to claim1l, wherein the thyristor
devi ce conprises a reverse blocking triode thyristor. 12. The tenperature
controll er nodul e according to claim1, wherein 140 the optical coupling
device is energised by the threshol d_detector when the sensor measurenent
si gnal exceeds the sensor thresholdléﬁgnal. 5 13. The tenperature
control |l er nodul e a%gording,t%_clain11, wherein the optical coupling device
conprises a phototritaést S¥itchi4  The tenperature controller nodul e
according to cl@on 1njibvher-eionitiheg aptdndak coupling device conprises a
phototran5|stor811 moul%Sinféépqgkdaggg¥gp%gy conpri si ng
812 die assembly
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 inclined surface
20 828 clamping plate

829 inclined surface

830 injection head insert

831 piston rod

832 runner
25 833 Dbed

834 ©pressure sensor

836 intermediary plate

835 moulding cavity ejector pin

837 proportional wvalve
30 838 Dbase clamp plate

839 knee lever mechanism

840 support ring
841 hydraulic piston



a noul ding cavity, 15a supply nozzle for providing resin material to the
noul di ng cavity, and a tenperature controller device according to
claiml1l rworbexiiessot he noul d assenbly, the tenperature eocmuBmii/esiogkevi ce
bei ng provided for adjusting a tenpera- 20ture of the supply nozzle.

16. An injection-noul ding machine conprising an injection-noul di ng
apparatus and a nould assenbly of claim 15, the nould assenbly 25 being
provided for receiving resin material fromthe injection-noul ding apparatus
and for shaping the resin material. 17. A tenperature controller nodule for
an injection-30nmoul ding machine, the_tenperature controller nodule com
prising a passive conponent net wor k 1€Rat conprises 141 a power supply
termnal for receiving a predeterm ned DC supply voltage, a nmaterial type
sel ect or smﬁtck@%ﬁtl%ngFr?£%§¥“¥ﬁBrn%&%ﬁﬁ al type selector positions for se-
5l ectively connest i sgptheopreedeberpiated DC

845 central opening
847 central opening
5 850 pressure controller
851 pressure valve controller
852 hydraulic line
853 hydraulic line
854 hydraulic line
10 857 pressure sensor module
859 voltage 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 bias resistor
25 899 Dbipolar transistor
900 DC wvoltage 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



supply voltage to one of at |least two material type conponents, and an
output termnal for providing a sensor threshold val ue, the output term nal
bei ng 10cwonertyossbo the material type conponents, and &CThBzE1/0319&% anal og
controller unit, the analog controller unit that conprises a sensor

term nal for receiving a sensor neasurenent value, 15-a threshold detector
for receiving the sensor threshold value and the sensor neasurenent val ue,
a power supply termnal for receiving a power supply, 20-a heater term nal
for providing electrical en- ergy to a heater, and a switch for providing
t he power supply fromthe power supglg termnal to the heater term nal when
the threshol d detector activates thé325switch, wherein values of the at

| east two materjal type conponents fol- low a pre-determined ratio, the
rati o being forfred BySgfure sensor

957 solenoid valve
960 piezoelectric element
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



| east two nunbers, the nunber being taken from one group 30of a set of
groups, the set conprises a first group, a second group, a third group, a
fourth grwoppizznossa fifth group, 142 the first group cecpnBmasoFIvsHeEr S
ranging from|[102 mnus 10 % (percent)] to [102 plus 10%, the second group
conprises nunbers ranging from|[118 mnus 10% to [118 plus 10%, 5the
third group conprises nunbers ranging from[137 m - nus 10% to [137 plus
10%, the fourth group conprises nunbers ranging from/[169 mnus 10% to
[169 plus 10%, and the fifth group conprises nunbers ranging
from[196 m - 10nus 10% to [196 plus_10%. 18. A nethod of calibrating a
tenperature controller device for aﬁ3ynjection-nnulding machi ne, the nethod
conpri si ng %SChoosing a resin material type and a sensor type, choosing a
node of th&MA*&cti on- moul di ng nachi ne, setting a material type
selector switch of a passive conponent network according to the resin
material type
Xp ' A temperature controller module for an injection-

moulding machine, the temperature controller module com-
5 prising

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.



20setting a machi ne node sel ector switch of the pas- sive conponent network
according to the node of the injection-noulding machi ne, measuring a
vol t age oWothe/pesssi ve conponent networ k, and 25adj usti mgTaBMat1/HEAbse

resi stor of the passive conpo- nent network until the nmeasured voltage
essentially reaches a value that is determ ned according to the chosen
resin material type, to the chosen sensor type, and to the chosen node of
the nould injecting machine. 30 19. A tenperature controller device for
provision within a mani fold chanber assenbly of an injection-noul ding
machi ne, tenperature controller device conprising 143 a tenperature
controll er nodul e and a casiné3§nclosing the tenperature controller
nodul e, the casing that conprises a first outer dinension of |ess than or
equal to 66 nm ¥ EEBREZOUter CHEARhSTONOSET €| 8L 1HAA 100°Hm™Mand a third
out er di nensi onwiafrdi@ss than or equal to 30 mm 20. A nould assenbly
conpri si ng back glate that conprises a receiving cavity

, a
for 10recei vi ng"tFedPiShat efiHIonent Petp i GPUPhi® Pl ate that conpri ses at
| east one noul di ng ecapbwyr famppskhape ngitdie fpestacamtieni al 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.



a supply nozzle with a manifold assenbly for providing the resin materi al
fromthe receiving cavity 15to the noul ding cavity, and a tenperature
control | ewvouni11683p adj usting a tenperature of the supplPgTnBEEi/@51986her ei n
the back plate and the noul ding plate are separated by a distance,
20wherein the back plate and the noul ding plate define a chanber for

encl osing the manifold assenbly and the tenperature controller device. 21.
A devi ce conprising 25an injection-nmoul ding apparatus that conprises a
barrel for receiving resin material and for nelting the resin material and
a barrel tenperature controller device and a nould assenbly that conprises
30-a noul ding cavity, a supply nozzPé for channelling the resin nmateri al
to the nmoulding cavity, 144 a nozzle tenperature controller device
mounted on the nmould assenbly, and a wireless transmtter for sending

i nformati os.of the tRepzletdenpenatdl B=€oaidhok| &fcdeMngeto claim 1,

wherein
the 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



S5wherein the injection-noul ding apparatus further com prises a wireless
recei ver for receiving the nozzle tenperature controller device

i nf or mat iw0,2012/110859wWher ei n t he nozzl e tenperature contr eciraB2devies i s
provi ded for adjusting a tenperature of the supply nozzle, 10and wherein
the barrel tenperature controller is provided for adjusting a tenperature
of the barrel according to the nozzle tenperature controller device
information. 15 22. A nethod of controlling a tenperature of an

i njection-nmoul ding machi ne, the nethod that conprises transferring
resin material froman injection-noul ding apparatus to a nmoul d assenbly,
actuating a nould assenbly heater b§43 moul d assem 20bly tenperature
controller, transmtting nmould assenbly tenperature controller status
i nformation to QY i%R*eEtt STRHDUPEi NG Hpparatlis Terperst the Cowtrol | er, and
actuating an i njeCidedBct®b|wang tappasdidis mbeat esmdit s2hntheexceeds

i nj ection-noul di.ng aggaratus égqgerature controller according to the nould
assenbl y tenper @tUrEé E8ht ryiqs t atUEi'nformati on. 23. A pressure
controller valve nodul e conprising 30a passive conponent network for

rovidi sensor .t hreshol d val ue d at | east ope controller unit,
Wher e n°the>eont oI FaPERf 125 HAf EopPH d8guiggiccotaing te Sl 2,

wherein

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



a sensor termnal for receiving a pressure neasurenent val ue, an anal og

t hreshol d detector for receiving the sensor threshold

val ue andwbthe/mpossssur e neasurenment val ue and for conpa&cirngoivesisensor
threshold value with the pressure neasurenent val ue, wherein the conparison
is done by an analog circuit, an optical coupling device being
actuated by the 10anal og threshold detector, a power supply term nal for
receiving a power supply, a valve termnal for actuating the valve, and

an anal og sem conductor power switch that conprises 15a thyristor device
for providing an auto-trigger function in which an electrical current flows
fromthe power supply termnal to t hel thyristor device via the optical
coupling device for triggering the thyristor_ device 20when the opti cal

coupl i ng device is actua éﬂ”“?ﬁsuﬁpﬁ%d¥ﬁm%§§énﬁﬂ@]%%ﬁﬁVF%?ﬁbF”e' a
novabl e die wth a statianadynidiea, Dmhﬁqﬁﬂ@twoma&yLdle and the novable die
defining a noul di ng caV|tyﬁg¥g?1a%5%Q§3%% %Egg§rg% li e %gghtggjgg%able die
are in a closed

two material type selector positions for se-

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 value,

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,



state, a supply nozzle for providing resin material to the noul ding
cavity, a noving core for conpressing the resin nmateri al
30w t hi n wbeorubstbng cavity, a noul ding cavity pin pcouBzhadoiipsd he

nmoul ding cavity for receiving a pressure of the noulding cavity and a
pressure controller device that conprises 146 a pressure sensor for
receiving the noulding cavity pressure fromthe noulding cavity pin, a
hydraul i c punp, a cylinder-piston arrangenent connecting to 5the hydraulic
punp via a hydraulic line, wherein the cylinder-piston arrangenent is

provi ded for asserting a force on the noving core when the cylinder-piston
arrangenent is actuated by the hydréé?ic punp, 10wherein the hydraulic |ine
conprises a valve for adjusting the force on the,noving%core, and a

pressure cont rottertiaift IFOr &6fHat THy THESval W HCor 4Phgl 1% e moul di ng
cavity pres- 15suy a0 25(p&Arcdntj)ectdomomuidisngosmchi ne conpri si ng

the second group comprises numbers ranging from [118 mi-
nus 10%] to [118 plus 10%],

5 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
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



a noul d assenbly that conprises a tenperature controller device and 20-a
wreless transmtter for sending informati on of the tenperature controller
devi ce, awOaiwiuabsshic armunit for transferring at | eastconB2oii/niissed part
to at |east two bins, wherein the bin is selected according to
the tenperature con- 25troller device information. 26. A nethod for
assigning finished parts of an injection- noul ding machine to bins, the

nmet hod that conpri ses selecting a reject bin type when a
sensor measure- 30ment value of the injection-noulding machine is differ-
ent froma pre-determ ned sensor threshold value. 147 an

i njection-noul ding machine with a dﬂéﬁlay screen, the display being
provi ded for shomﬁn%_a sensor threshold val ue and a sensor nmeasurement

val ue of the injectPohSHBUTHING ABEHT He'SEnd°8al$oBi9 e conputing devi ce

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

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,



for receiving a status report, wherein the status report conprises the
sensor threshold value and the sensor neasurenent val ue and for
transm t twogotaossbat us report to a serv- 10er, wherei nPCHABRGINTDS6
generates an alert us- ing the status report.

144

- a nozzle temperature controller device mounted
on the mould assembly, and

- a wireless transmitter for sending information
of the nozzle temperature controller device,

5 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-
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
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145

- a sensor terminal for receiving a pressure measure-
ment value,
- an analog threshold detector
- for receiving the sensor threshold value and
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
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
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
coupling device for triggering the thyristor device

when the optical coupling device is actuated.

A mould assembly comprising

a movable die with a stationary die, the stationary
die and the movable die defining a moulding cavity when
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
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

PCT/IB2011/051986
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25.

26.

27.

146

- 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,
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
for adjusting the force on the moving core,
and

- a pressure controller unit for actuating the
valve according to the moulding cavity pres-

sure.

An injection-moulding machine comprising

a mould assembly that comprises

- a temperature controller device and

- 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-

troller device information.

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-

ment value of the injection-moulding machine is differ-

ent from a pre-determined sensor threshold wvalue.

An injection-moulding management system comprising

PCT/IB2011/051986
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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
5 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-
10 er, wherein the server generates an alert us-

ing the status report.



