o \]e3e@@RL"n, 6bT6; 1 7 June 2002 METHOD FOR ADRJUSTI NG ZERO PO NT FOR LQAD
CELL IN A MOTOR DRI VEN | NJECTI ON MOLDI NG Nﬂmm WMM&JND OF THE

| NVENTION: Field of the Invention: The pre nrelates to a

mot or-driven injection nolding machi ne havi ng &gsidenj ecti on de'yiJEﬁe‘ébbﬁen by
a servo notor. More particularly, the present i'nvention relates to a nethod
for adjusting the zero point for a load cell for use in pressure detection
which is provided to forma control systemfor the servo notor. Description
of the Rel at GW y.nj ecti on nol di ng machi nes have

I ncreasingly M'ears in which a servo notor is used as a
substitute f OMEWHWDrmISi mDabsuraﬂ@rZEme%wvmn k@.km CHijleN Ad\nocr?mpeh

usi ng servo nmptors. can be i z ol | ows. screw is rotated with a
servo notor fB I¥EMWAE&H§WWI§F%%%HM ation/nmetering process. The
screwis located within a heating cylinder. Aresinis fed froma hopper to
a rear portion of the screwin the heating cylinder. Rotation of the screw
nelts and advBé HINDID R Taite INVENTIONert ai n met ered anmount of resin is
fed to a nose ‘%g{t# n of the heating cylinder. During this tine, the screw
i s driven backl® 87 BgdnvetiPhack pressure of the nolten resin trapped in
the nose portion o ' ¢ o AN 1LY i gn £ i i cted
to a rear end port?g%hgr?gtghfeﬂ’ggng\?ﬁ [I'é#éueig(r:]tjroegt rin(?))Et?rs rgﬁh ?ﬁéégﬁﬁamﬂﬁgﬁe
supported by maphinesinawing e injactondaviteariveg. b¥ha sajwectmotorshafdore s
driven in the_axial dipection wth servp motor for i.njection that is
supported on PRCHREYs Ecissaptinenfon Futs S metBe R fiing b
backward al ongoigtifcie Baticellfof 8SPMBRsEArd B&teeet AhichisProlidedl6Tyen #dt or

for injection through a ball screw. The above-nentioned back pressure of
the nol ten ree@mral systenetardae s¢rvesmatPra | oad cell and is controlled with a

control | 00p. nzR0RAR% of the RHISeACR?

Motor-driven injection molding machines have increasingly been used

in recent years in which a servo motor is used as a substitute for a hydraulic
actuator. Operation of such injection device using servo motors can be
summarized as follows.

A screw is rotated with a servo motor for screw rotation in a
plasticization/metering process. The screw is located within a heating
cylinder. A resin is fed from a hopper to a rear portion of the screw in the
heating cylinder. Rotation of the screw melts and advances the resin and
thus a certain metered amount of resin is fed to a nose portion of the heating
cylinder. During this time, the screw is driven backward due to a back pressure
of the molten resin trapped in the nose portion of the cylinder.

An injection shaft is directly connected to a rear end portion of the
screw. The injection shaft is rotatably supported by a pressure plate through
a bearing. The injection shaft is driven in the axial direction with a servo
motor for injection that is supported on the pressure plate. The pressure plate
moves forward and backward along guide bars in response to the operation
of the servo motor for injection through a ball screw. The above-mentioned
back pressure of the molten resin is detected by using a load cell and is
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controlled with a control loop.



.2 In afilling process, the pressure plate is advanced by nmeans of driving
the servo notor for injection. The nose portion of the screw serves as a
piston to fill a nold with the nolten resin. The nolten resin fills the
space within a nold cavity at the end of the filling process. 6®n§%qp
point, the control node for the advancing notion of the screm?i i 8hed
froma velocity control node to a pressurg control node. This switching is
referred to as V(velocity)-P(pressure) switching and affects the quality of
a resultant nol ded|pEadid prdcess dHetesdifte \bieSWiadeBhOE b RedrRSMHrid) N
the nold cavity is allowed to cool under a predeterm ned pressure. Thi's
process is rethg sewva mader fordnjgctiong phedwss. potionmfsthavedrewrsernpe®eess, t he

pressure of t [ Pyl £oll ed i.n .eedback | oop as in the

above-nenti opggt@iﬁﬂ%?@éﬁ_;\&mgm r%&lt_en%%lﬁ; the injection device returns

to the plasticizat Tpe/ melten irégin ﬁﬂl@@l@é%ﬁé@é withirt B radleveavitl aethd bed opthd et i on

of the dwelli nﬁ_ process. On the other hand, a cl anping device perforns an
in

ej ect oper ati GRingdroepset i Nghis RANG the cenfirlimede fefthe mevaBeiagimoting of thel
with the plastjpgizati i - jeat ] ' j | ves

i n opening théblcréo %%‘gﬁér@g:?toﬁéhfﬁé’eg%&??b‘F@Eﬁ’c efelr% oén%?%%%%%gh%l 'lrrrlggg's of
an ej ector nechhisiswitchimglist re¢erred trsas Y (velocitp! R pfessutdleswitching &ndl laffegtsnot ed
previ ously. Fg{p t he i njfecti on nol qi na maéhi nes having the load cell, it
shoul d be not & avality 9f adesultayitipoldsd ArpdUdtoad cell is required to be

adj ust ed upon the fy/d U688 1l RoY et j i gt ment
of the zero point ngdgth%oYﬁ;%w'@’ tgg%gﬁl\gﬂet%@éﬁlr@%\wwg aggi\//vggced
once and is rtn cack endemna eredeteahingdapresanreay erhig @racesseis oefeteacta ed aval ues
obt ai ned by usging.the |l oad cell .during the back and faorth venment. of the
cor o The avaPRTEE B, B8 bRinG diglaSH P8 pistshi AR cRk s
However, the gbhirolfbctih &lfsatibderdosay tn MY shoveehieptionsd BRLY pressufgitentrol.
reci procation of the screw for, the zero point adjustnment does not

f h
necessarily provi ddhgn. Heciniestien devicegstyins tolhe plasicippiion/@eieNng BOCERs s | s
- RS . . . . 4
that a soll 'gé%rfheéba\/{ggegﬁn%?ogﬂpﬂlbx &’ih??aﬁé?l%g@g%?&of@@qweadmeﬂ e

heating cylinder durring ecl procation he screw,
i nhi bi ting t hbandpl dempiny elerite pérfoines sor eject Apetdiion forsgectingay $aiddue to

foreign material_ accidental l ntrap i, novapl.e unit or.units
conneated - 7PRAE S6bST Seatali i care i i hengles e adoryinefirind picgess.
described aboveheidjettor8perdtRndplSives iRy I RIIA Qo Wehibvehiel al cel |
under the influencé of the solidified resin or the foreign material. It can

easi |y be expbradigt frem thauawldby meanseofan sigclarigeehanisiocandthern elosingoi nt
for any reasop.ﬁ9 Hag; Eﬂitﬁggégﬁ?mwgﬁéﬂ?&i@@%e badly affects the quality
nol de uct o

of a resultan pro alnéd”in a subsequent nol di ng process.
SUMVARY OF THE | NVEMNT tia\injdttimemotding amaahineschavihg the iqaceeelhtit shotdditieon i s

to provide a nefhod for adjusti a zero pojnt for a load, cell wth
accuracy. The”B{e@sig‘ﬁf g WBrRQ”&trng&h%tP@q E&b\sefeﬂﬂ":ﬁd R bsradivstedHRom et i on

ol ding machi 4G EaUBY Y AfectBn MbRAY ARCHRE o THYrdofEnion Bf BRI KtoBIY 2

| oad cell for use'l Ing a pressure of a nolten resin store I'n front
of a screw, aispdsnej dor @xampleyrad doliaves.ecthengcrewdsiadvancefl eneecrad)isand a

controller for .contralling the servo notor in accordance wth detecgted

val s obt ai nEeirayed Racr 38 6 REIATE ahrErest sl iRt valles EhBR o an
aspect of theygihganstioad\ceNidudig th8Ha@RHNOIHArmeaEhEent 6f theNsdreaPormse to a
command to adjust a zero point tor the |load cell, the servo notor to

advance and r @verage uahee iscsebvasdbe erd peinkfey theteadesitrol | er cal cul ates an

aver age val ue of s r val . [ % . d II.: i ng
t he back and forth%\ﬁgﬁé’%ggﬁétﬁﬁg c‘?%%”B%%P@Eg %@?%&ﬂ%@gfeﬁ'@&%oi nt
for the |oad esdiprocatibth bFtHeESEEWRS (¥ Zdro PdintOAWMNGHt dbes not nedessearilypl et e
under standi ng of the present invention, reference o
provide an accurate zero point. One possible reason for this is that a
solidified resin may accidentally exist between the screw and the heating
cylinder during the single reciprocation movement of the screw, inhibiting the
complete movement of the screw. Another reason may be due to foreign

material accidentally entrapped in a movable unit or units connected



., shoul d be made to the appended draw ngs, mhereﬂn: Fig. 1is a view
ilfustrating a schematic configuration of a notor-driven injection nolding
machi ne to which the present invention is applied; and Fig. 2 is a view for
use in describing a nethod for adjusting a zero point for a | @éﬁbh%
according to the present invention. 7 June 2002 4 DESCRI PTI

PREFERRED EMBODI MENT: Referring to Fig. 13 a configuration of a .

not or-driven injection nolding machine is described that conprises an

i nj ection deviggckaféalyedithths ycréwoimkfe choés deecmedaseve] itfigddrd ttat i ng
the understandi ng of tHRe present invention. The injection device rotates a
screw by meangaféctithebask presayre vwith theiload gell uodebthedniuence abthersalidifieda

nj ect i on servESaHtahe farein i@ ¢ Reah sl s lRcdiesynab SLh R g
fixed to a presstingethd ateurkfe Yeed potitfor angdeasens incidding thetsé&tetsedbedl
response to the rotation of the bal] screw 12. Thecgwessure plate 14 is

movabl e al ong RRAVEasHY affestsathe auality oba resultaniJgeldedapreduabebiamsshin a The
back and fort t sure plate 14 is transmtted to a screw
20 via a bear :Erﬁjgg.%@ﬂg@ Toa(ﬁdgg cfl:’e%%., and an injection shaft 19. The screw
20 is positioned within a heating cylinder 21 such that it is rotatable and
novabl e in the aX|aI dlrectlon The heating cylinder 21 corresponding to

the rear porti d1@MNovi ded with a hopper 22 for feeding a

{ranem tted Lo LS“EH#}?%@??O%‘ eﬁla?f bl e Sch ARulotfis T RRvied &' Ratnon ot

of, for exanplajusiinged ernsbint foulal loxd cbnmmwtuacrcumyds the screw 20 rot ates
as a result of injeﬁtlon shaft 19 bein ven b the screw-r tatlo Servo
o e h bl e RsenbRvaEter & AFRIERIAE & Holerabien BiaTonMBEtLd |

the heating C%é&ﬂmﬁ ﬂtﬁﬁfsnﬁd@n gaetich dé'\?iﬁe%ﬁlﬁ/@ﬁ/b%oa sERA mbfor, QWoéJ‘Eeﬁ' de
of a nozzle 21 t he screw 20 goes backwar 'e rotating In the
heating cyl i nderuseiin detectnmg agresswerofiampitentresin stereddn front 2baissrawen

the heating oyiaiRd: SBREE for Bty Hopeviith & £RHRE 4 2cfelff Rt | ca
cell 18 as a reanbilipg thesetvo MMe ik .acdoRiapge With ddteetedioincécobRirmabby thd S
anplified by a load cell anplifier 25 and is then supplied to a controller

26. A positioroakeeltend theppsitigndetemder-t o the pressure plate 14 for

det ecti ng novenent i on
detector 27 is anpﬁ‘?‘:co dﬂg té%heélgr%?t ?ﬁgrgeﬁiggémgnveﬁh%éhhés& c|me%3 CtegﬁP%
control |l er 26.inTespansettod cemndhdsicpadijustsa aemjpomhfor(thedmnta):eld;dhmedva o]
servo anplifiers 2 an 30 deﬁgndln tgg t he above- tlonedggroceg s for
each of the vaﬂ‘ﬂ@é an?ceJ@ Bys%[ﬁ BEY?{ M&$e r‘?ﬁ?ffi er
29 controls arbaqunatét aTnOat\il#é &V alueeofiseivefdliderediéd valuesiobtaihdd By theaded of
controlling a driving current for the injection servo motor 11. The servo

anplifier 30 «&fitdusing the beckangifogpseevesnentinf tee serewy. ythareby adipstiog thg or 24
by nmeans of c current for the screwrotation servo

not or 24. Thquﬁégétlo t@%ﬁ@%yhg@o 11 and the screwrotation servo notor
24 are provided with encoders 31 and 32, respectively, for detecting a
rotation speed. The rotation speed detepted by the encoders 31 and 32 are
suppl i ed to tHERGEhRESH B [P f L5*$¢|‘frf the configuration
illustrated in Fi 9Fojrdﬁptﬁoﬁnfﬁ?eté%‘ﬁﬁe%ftaﬁdu lof i %re%@ﬂt @9§Hﬁ5ﬂ,‘?§f“e%n€é
specific configuration o njectron devite 1's described in, Tor

exanpl e) Japargheeldiod ﬁmdd_talttle@p@andled deavling6 Abhemsdrxt ) a nethod for

adj usting the zero 0|nt for tqe | oad ceI accordl referred
embodi nent of the | iq-chis @ Miemsil H%’é%tl‘rlgoéac ef"ﬁé“‘bP@%ﬁirat'WQE?lmof Q”Hﬁ‘bl i ed

to nost of the,apf [ nj ection
devi ce dri venquygeféég{r \ﬁ%?g?és&éﬁ% %%:Cﬁghg p{?%saégﬁ?ﬁ\ﬁ?ﬁ?g?@‘é ggescﬁ:éefddet ection
as a part of a contFn'@IZ 'tsyastnemfomrusetinedeecmmngratmeﬂnodtfbuadjushreg aderowoind
description | t se where t ent j.nvention is applied to the
not or - dri ven | iqchﬁelﬁ%qccﬂrﬂlgg&g& EEDSieP?[ngFPLt?%d in Fig. 1. In order to
adj ust the zero poi nt, an operator enters a comand to adjust the zero
point for the load cell 18 into the controller 26 through an input unit 35
such as a keyboard. The controller 26 controls, in response to the conmmand
to adjust the zero point, the injection servo notor 11 to advance and
retract the screw 20 several tinmes. The controller 26 then cal cul ates an
aver age val ue of several detected val ues obtained by the |oad cell 18
during the back and forth novenent of the screw and adjusts the zero point
for the |load cell 18. The above-nentioned reciprocation is previously
deternlned such that the advanC|ng movement folloms t he retractlng

o . e Y b1 . .




. 7 June 2002 6 advanced | engths Bl and F1, respictively, of the screw 20 are
t he maxi mum anmounts for the backward and forward novenents, respectively.
Second retracted and advanced | engths B2 and F2, respectively, of the screw
20 are less than those in the first cycle. Third retracted anﬂJﬁﬁvggﬁﬁd
| engt hs B3 and F3, respectively, of the screw 20 are | ess tha B n the
second cycle. The controller 26 carries ogt the above-nentioned control to
nove the screw 20 back and forth while detecting the novenents of the screw
20 in accorda bioT) T3 CERRED EMBbBIRENEUPP! i ed from the
position dete ) TTT . Tne contr er 26 retracts the
screw 20 from a poReferdng @ Fg.tha configatratioor ofes pwidi-ddvéminjdationeholdiviged
length Bl1. At that tinme, the load cell 18 Rnoyides a pressure detection

val ue PBL. Th®agoierigiqescrivgd thatncoupHsreaNtpgctien 8fvisg arasatedn?y $¢Mvet

retracted posii r L a I F1.
A that o o, TEIES) 38 W CRFRCE, o KL IRAGRE M et aRer B e a,
Li kewi se, t heingentiornl | Ene Rfectiir device rotates a esorédQ byrmeans ef fransmitirdyanced
position by the anmount. corresponding to the retracted |engt 2. At that
Pre, Une. | sl MEoRahA Tho Daiie sl pdiiger sidtin NRuale Pabscretkatd s e
20 is then adyapeed fromthe second retracted position by the anount

corresponding to the advanced length F2. At that tine, the load cell 18
provi des a pressurk kgt dcrotation/ef areirfectionTsaro moter 32 ietianemitiedrtearkalt ed

retracted | ongtRAEE ara EREISUEL Y 7 PR SE e YA ERREEH Bvias g,
val ue PB3. Suigsetraeted i, rebpense temefbtatiomdy e bdll kew ke Therplegsire act ed
position by the anmpunt corresg)ndl ng to the advanced | ength F3 and the | oad

cel | 18 proviate 34 s axaMabie alansceyigr hags 3o and 161fxedderd pase &ames(NOir ri es

out the foll ow ca |t d b r i V. %gﬁﬁﬁt

t hrough PF3 a%n 1 'lt-lﬁ#o%ég% OHI)" @pgsﬁggfgﬁ{hg\fg}% églgr%\fgﬁt&e%%lq v :t?(z PB1
+ PF1l)/2 + (PB2a sciei220 2iata bEBBNng 1PF8)dad-tell TAecamdan imgetiton ftaftied.er Tinees

t he average val ue as the zerg .point..Strictl peaki ng,. .t he ntroller
2 uses the SERASLISRHbNS WENB retid BpaL2y RUER s deiale Bl r o
operations. FepbvayRTRke avial Biréctidres swrreeruéatr%céynaaewzh ¢8riBBp&iiAg fiethedur i ng
retraction of the screw 20, the controller 26 uses a value (PB - "PM as an
act ual r et ractegad Pogiagt of the serew 28 is poovided méthah bopperetr fasiesdiog @l resinof
advancenent I : | PRI i 1 rous
2dvant ages. | e (oL@ rhetbr B o s DR e Rl SEIE HERHHER |

bet ween t he sinjextioB&haftdl 3 Vie ahemipling mymbed28 cdinmisedry, fonexémpsd, acyedt e of
t he back and forth novengnt, of th crew 20, This would, i he prio rt,
resul't in | natthPaokal ELTRET BRTG T ciey 80 rieles Toares ol Meshve shainer e
is little or {@pepgSdmien Bytheirewitothtidh PP@RTBIGr SoNdi tion |asts during
the subsequent cycles of t'he back and forth novenment of the screw 20. This
means that the avelnagipi@stipatianiroetenngeaprocass,aa aenciten tediné slose@in the t he

The sorew 20 ReaimeSUBREY g TR InEpsad Al 1 R 20! Pl e ¥ hafofe”
I engt hs in th21Hiwsdn thecd@enf20 Heedbatkveard Visild idtatmeEirané haating bimdehor t er
| engths in the subsequent cycles. Therefore, the first cycle has the

strongest posdl-bi The yngiten msimihEerhPf Hinhasemor0 istrers 8iethéin armoldaang

| ' £ i condjthan. Th
o pornt ¢ s ot dichy B 2bEEnting The 4R 201RE TRtfgRANAg?  The
t hrough t he avRrfergerartiof upun thal resih shdetected bynthehlead eedir as roieastiomhe

present invenfion has been explained in the above enbodi gent as an exanpl e
only, and is ﬁ?&e'ir\m)ﬂ'e%pf%s MGt h%@e?@@&o@ﬁwwsﬁmﬁ&gamq 't‘?aarﬁ?)ﬁway.

Numer ous mdi%&ﬁﬁf{ie&}%arﬁ@}é m@n?@??ﬁ@@io %cbtoﬂﬂ@llé}f2ék! Il in the art, while

remai ni ng wt e spirit an ope o e Invention. To determ ne the
scope of the invenhipositionededectnc 27 s$etidchdrttorthd pressuraglatpddrfdedetectings.

7 June 2002 8 1. A nptor:driven_.i.njection.nolding rmaghine,..co i Si.ng, an

i ecti on devneueeniul S ssiiebo. Auespotc pighalaTine GosiieE BIPRALE  ng

a pressure ofjsanigliflednoy &5 ampthtier 28 aha i§ fHIM suPpliad 36 ¥ €ontroller 26.  The
controller 26 supplies a current (forque) command to servo amplifiers 29 and

30 depending on the above-mentioned processes for each of the values set



. a position detector for detecting a position of a screw, and a controller
for controlling said servo notor in accordance with detected val ues

obtai ned by said load cell and said position detector, wherein said
controller is configured to control said servo notor, in resppgﬁﬁe?g ?
command to adjust a zero point for said load cell, to advance P act
said screw in an advanci ng novenent and agretracting novenent a plurality
of tinmes in a back and forth novenent, and cal cul ates an average vaIUe of a

cor respondi gyl 4f @etatop’ A SEhR alRliBE 2PLahRad Y 0B bR B

during the bac novenent of 'sard screw to ad] e zero p0| nt
for said | oad m;ettion gerva mneddri me bg{smeaost@fdcmmrmjlmag i dnvm@emmnemttfbethe

troller is configured tq the back a rth t such, t
he. advanci ng TGRSR AIIBLA 1 hon SETUR TRy HoICRONOS S ORI Y 9

recited in ol gedevthRamimsenginéienos 1y meane toarelingutdieng berdesr and
forth novenent is such that a maxi num di'stance is achieved ina first

movenent, and tRRiBcEyrEatation sany mptema4r efl hadojestiomsearemaonadeant teances

of screw travel i .are | ess NnAj h ' di nc. 4. hibhe as
recited in cl Fﬁﬁwf&a}%‘g’ﬁ eﬁeﬁvi m{b{@tzéa%gn%ﬁ\gy% C§H8rs 3fﬁ r%? 55
retracting novesputtivelyefopidetedting rotatidrasseed.a Ties MigtiGTlyeesd Betatreppnt
and a second retractlng novenent are of a second distance, which is | ess

than the firstheipreqdrss 31and dhareswpriiadiiorthe £utabe¢P. 7 June 2002 9
movement and a thi rltqssp%ttéd"mdtﬁﬂe %Kﬁ@@r‘&ttloﬁr@s‘?ﬂ(atéq rf‘ngﬂ%%the%@!ﬁféf than

t he second di st anc i né as~r ecl wher el n
second, and t kimplicitytamcit chvealenes. aresprifad omfmmammmotﬂm ihjercsibn devicend,

G IR S bR 00, abbche P SR R by e
second, and third ¢phedd ARt 168adjEting tRBZBes phink f&Qhé%é&gelﬂaéﬁralr{gO' nt
of a load cell in an i'nj ection mol di ng nmachi ne, said method conprising the
steps of: to a preferred embodiment of the invention is described. The present
invention is applied to most of the motor-driven injection molding machines
having an injection device driven by servo motors and having a load cell for
pressure detection as a part of a control system for the servo motors. Thus,
the following description is for the case where the present invention is applied
to the motor-driven injection molding machine illustrated in Fig. 1.

In order to adjust the zero point, an operator enters a command to
adjust the zero point for the load cell 18 into the controller 26 through an input
unit 35 such as a keyboard. The controller 26 controls, in response to the
command to adjust the zero point, the injection servo motor 11 to advance and
retract the screw 20 several times. The controller 26 then calculates an
average value of several detected values obtained by the load cell 18 during
the back and forth movement of the screw and adjusts the zero point for the
load cell 18. The above-mentioned reciprocation is previously determined
such that the advancing movement follows the retracting movement.
Furthermore, movements (typically in milliméter) of the screw 20 are also
predetermined such that the maximum amount is achieved in the first cycle,
which is reduced gradually. This setting is made by means of entering the
movements of the screw 20 through the input unit 35.

Referring to Fig. 2, description is made for the case where the screw
20 is subject to three cycles of back and forth operations. First retracted and



|

. providing an injection nolding machine with an.injection device driven by a
servo notor, a load cell for detecting a pressure of a nolten resin stored
in front- of a screw, a position detector for detecting a position of a
screw, and a controller for controlling the servo notor in aCfggﬂgaﬁgzmﬁth
detected val ues obtained by the |load cell and the position detectof, said
met hod further conprising the steps of adgancing the screwin a first
advanci ng novenent to a first advanced position; detecting a first advanced

val ue from t hgyl,9askd Ringti LB 1M £1 ,rr'ékevééwrsﬁid?w@a@wm af@tHe W akini dh

advanced position; retrdcting the screwin a first retracting novenent to a
first retract ahquds forothe biackwardrand farivasd mexeraentsd respegtvelyonfeeend oad

Il for the fi,rst ret ' first.ret LEion;
advanci ng 1 he "EaesH BREEENRT IR a2 e becinsreciisy GabEReREheRaRE
posi tion; det eas tREnahsss Antherfirgtagad. Vahig réfradtetinghd aavhrizell leh§ihstBE
second advanC|ng novenent to the second advanced position; retracting the

Zcr ew in a se@bAd 3 cesprativaly, ﬁf)?’@ﬂ%@*fﬁ“’t%p aresless tn Brasgdn doe peernd exele.
et o movonent ELSHEAL 284S OB BB AR ERlnd oA SR,

retracti ng novenent e SecC Ion; an

cal cul ati ng agcawveradrackaanef@th Whilefdetettimnthesmovanhents ahthedscreivas irand
first and second retracted val ues, tg det.erm.ne an avgrag*e valhue for a zero
posi tion of tRAECPERRCEaNith the pesiiom gatestiop ignala SUPPAediTR™B, thGrRASIHAN sai d

first advanci agtéa?dﬁ??”trw%g?g@ééﬁfi&élfyzmé &gﬁﬁélﬁér’lﬁ]@%@% gﬁéWfr@Hﬁj

retract the screw a I rst ance, erein e seco ancl ng
movenent and ehpositero@dy teramoumtcarmspordingtdvihacetractddiength®1.t b that ew a

Ziegf gg Cgi_ st anﬁ%e, ?ﬁ]ed Iové'hde ée‘?li 18 E)Poevi e 8 rF‘Jcrllesdsiusré ré‘t:eec:tiioﬁ vla e qu?nﬁ%ic%niriohgrt
26 then advances the screw 20 from the first retracted position by the amount
corresponding to the advanced length F1. At that time, the load cell 18
provides a pressure detection value PF1. Likewise, the controller 26 retracts
the screw 20 from the first advanced position by the amount corresponding to
the retracted length B2. At that time, the load cell 18 provides a pressure
detection value PB2. The screw 20 is then advanced from the second
retracted position by the amount corresponding to the advanced length F2.

At that time, the load cell 18 provides a pressure detection value PF2. Then,
the screw 20 is retracted from the second advanced position by the amount
corresponding to the retracted length B3 and the load cell 18 provides a
pressure detection value PB3. Subsequently, the screw 20 is advanced from
the third retracted position by the amount corresponding to the advanced
length F3 and the load cell 18 provides a pressure detection value PF3.

The controller 26 carries out the following calculation with the pressure
detection values PF1 through PF3 and PB1 through PB3 to provide an
average value PM.

PM = {(PB1 + PF1)/2 + (PB2 + PF2)/2 + (PB3 + PF3)/2}/3

The controller 26 determines the average value PM as the zero point.

Strictly speaking, the controller 26 uses the average value PM as an offset
value in the subsequent control operations. For example, with a pressure
detection value PB obtained during retraction of the screw 20, the controller
26 uses a value (PB - PM) as an actual retracted length.
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8. Anethod a recited in claim®6, wherein, prior to said calculating step,
the followi ng steps are also perforned: advancing the screwin a third
advanci ng novenent by a third distance to a third advanced position;
detecting a third advanced value fromthe | oad cell for the &?Urg %g nci ng
novenent to the third advanced position; retracting the scre i‘HNg ﬁ rd
retracting novenent to a third retractedyposition; detecting a third
retracted value for the third retracting novenent; wherein said cal cul ating

step cal cul ated tﬁ%@ﬂ@é\?@@é@i?ﬂég‘;‘%lﬁ%h@f 5@&9@%@ Md timadieadortid by
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by a servo nmotor,_a load cell for detecting a pressure of a mplten resin
stored in fr@® dhisawesldin the paer ertoresadliBdnaccurate erlculation §f 41988k i on of
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of the screw 20. This means that the averaging operation makes the average
value closer to the correct zero point even when the first average value has a
certain error. The screw 20 can be configured by controller 26 to travel the
maximum lengths in the first cycle of the back and forth movement and then
shorter lengths in the subsequent cycles. Therefore, the first cycle has the
strongest possibility of the abnormal condition. The second and later cycles
are much less likely to suffer from such an abnormal condition. The zero
point that is closer to the accurate value can thus be obtained through the
averaging of the values obtained in the several cycles.

The present invention has been explained in the above embodiment as
an example only, and is not intended to limit the scope of the invention in any
way. Numerous modifications may be apparent to one of skill in the art, while
remaining within the spirit and scope of the invention. To determine the
scope of the invention, reference should be made to the appended claims.



, advancing the screwin a first advancing anenLnt to an advanced position;
detecting a first advanced value fromthe load cell for the first advancing
novenent to the advanced position; retracting the screwin a first
retracting novenent to a retracted position; detecting a firs} r@%?ﬁ ed
value fromthe load cell for the first retracting novenent; reﬂ% géthe
advanci ng, detecting, retracting, and detgcting steps to provide a .
plurality of advanced and retracted val ues; and cal cul ating an average
value for a zero point of the |load cell using the plurality of advanced and
retracted values. 11. A nethod as recited in claim9, wherein said first
advanci ng nov .screwto a first, maxi num advanced position,

wherein the first petractjng, noveneni. retracts tgﬁx screw ta a first,
maxi mum ret ract ed posftPBIR-HNENINES ?'ﬁ"?‘?@%gé’ﬂ@ Mg SYBRMPIREI udes

advanci ng the scr ey, idleéticiteevite AfvanbynPsémvensiar: to a second advanced
position which is | ess advanced than the first advanced position.
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during the back and forth movement of said screw to adjust the zero point for

said load cell.

2. A machine as recited in claim 1, wherein the controller is configured
to control the back and forth movement such that the advancing movement
follows the retracting movement.

3. A machine as recited in claim 1, wherein a distance of screw travel
during the back and forth movement is such that a maximum distance is
achieved in a first movement, and subsequent advancing and retracting
movements have distances of screw travel which are less than the maximum
distance.

4. A machine as recited in claim 1, wherein a first advancing
movement and a first retracting movement are of a first distance, a second
advancing movement and a second retracting movement are of a second

distance, which is less than the first distance, and wherein a third advancing
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the second distance.

5. A machine as recited in claim 4, wherein first, second, and third
detected values are obtained during the first, second, and third advancing
movements and retracting movements, and wherein the average value is
calculated by said controller based upon the first, second, and third detected
values.

6. A method for adjusting a zero point of a load cell in an injection
molding machine, said method comprising the steps of:

providing an injection molding machine with an injection device driven
by a servo motor, a load cell for detecting a pressure of a molten resin stored
in front of a screw, a position detector for detecting a position of a screw, and
a controller for controlling the servo motor in accordance with detected values
obtained by the load cell and the position detector, said method further
comprising the steps of

advancing the screw in a first advancing movement to a first advanced
position;

detecting a first advanced value from the load cell for the first
advancing movement to the first advanced position;

retracting the screw in a first retracting movement to a first retracted
position;

detecting a first retracted value from the load cell for the first retracting
movement to the first retracted position;

advancing the screw in a second advancing movement to a second
advanced position;

detecting a second advanced value from the load cell for the second
advancing movement to the second advanced position;

retracting the screw in a second retracting movement to a second
retracted position;

detecting a second retracted value from the load cell for the second
retracting movement to the second retracted position; and
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8. A method a recited in claim 6, wherein, prior to said calculating
step, the following steps are also performed:

advancing the screw in a third advancing movement by a third distance
to a third advanced position;

detecting a third advanced value from the load cell for the third
advancing movement to the third advanced position;

retracting the screw in a third retracting movement to a third retracted
position;

detecting a third retracted value for the third retracting movement;

wherein said calculating step calculated the average value for the zero
point of the load cell by averaging the first, second, and third advanced values
and retracted values.

9. A method as recited in claim 8, wherein the third distance is less

than the second distance.

10. A method for adjusting a zero point of a load cell in an injection
molding machine, said method comprising the steps of:

providing an injection molding machine with an injection device driven
by a servo motor, a load cell for detecting a pressure of a molten resin stored
in front of a screw, a position detector for detecting a position of a screw, and
a controller for controiling the servo motor in accordance with detected values
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<=>?@ABCDEFGH J KL%&?@Q%Y%tracted value from the load cell for the first retracting
movement;
repeating the advancing, detecting, retracting, and detecting steps to
provide a plurality of advanced and retracted values; and
calculating an average value for a zero point of the load cell using the
plurality of advanced and retracted values.

11. A method as recited in claim 9, wherein said first advancing
movement advances to screw to a first, maximum advanced position, wherein
the first retracting movement retracts the screw to a first, maximum retracted
position, and wherein the repeating step includes advancing the screw in a
second advancing movement to a second advanced position which is less
advanced than the first advanced position.



