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"PLASTI Cl ZATI ON AND METERI NG PROCESS FOR A MOTOR- DRI VEN | NJECTI ON MOLDI NG
MACHINE This invention relates to a notor-driven injection nolding machi ne
conprising an injection device which is driven by servonot orﬁo%ger@'e
particularly, to an inprovenent of a depressurization nethod I'n lzi ng
cylinder in a plasticization and neteri ﬂg process. In recent years).

not or-driven injection nol diqr}g machi nes have been wi del é used. The

mot or - dri ven PHRRESSHRIBATION MEDAORN BEAS TIGZAHONANDMESI&ERIDt ors i n

i eu of hydrauli Ny i |

oper ati ons of sﬁrﬁa?#ﬁ?@a ﬁgﬁwggﬁ]@ﬂmg@%@%%ﬂﬁpﬁﬁéq@ébﬁlﬂ%ﬁ
actuators in brief. (1) In the plasticization and netering process, a screw
is rotated with a screwrotation servonotor. The screw is |located within

t he heating GALKEM RVENJIONd, as fed resin) froma hopper to a

rear portion of t.scr '““ ating.cylinder. Rotation of the screw
results in feedin %E‘VPQHOPég[ﬁe%gQ/i% o%ﬁj%\%ﬁé’c Higgton MAldine J85BEnt to a

nose portion cgfnlﬁrﬂﬁ'l Eﬁtihj’é@fiéﬂ 'o‘e@@'é_rwmchhis_tc‘ﬂ‘?vé(negg rRP SRk @Rdbmdree
heating cylinder toTormmnolten resin. During this tinme duration, the screw
i s retract ed panicuariya tprars suprevemaok op redspressuriationemethiacdein adwatinghi ch i s

trapped in the,.nose portion of the heating cylinder. The screw has a rear
end portion WHIREFTIR 8RRt 'oeme@Fgﬂ'anxgﬁeﬁwj ection shaft. The

injection shaft i snreéatitalays, THORAHOEN Mijedtid ﬁ{fb‘wihg_rﬁééﬁiﬁeé RaOE Peed
bearing. The injection shaft is driven in an axial direction by an

i nj ecti on seWidalyt usedhi dihe snetapgoverdinigstione Moidisgumachingse Usgde 3sr essur e

bper at i on-of RuRbf SEBRIEET TG S PrB skl | P AR BRR AR T e
which wi Il | girecedietoooperations of suth abpjectivhrddvideedsingtife BeR®PIUI6rsAds fhee
nolten resin is detected by using a load cell and controlled with a

f eedback contactwatpesdp.brief. vy 10 June 2002 2
(1) In the plasticization and metering process, a screw is rotated with

a screw-rotation servomotor. The screw is located within the heating cylinder.
Resin powder is fed, as fed resin, from a hopper to a rear portion of the screw
in the heating cylinder. Rotation of the screw results in feeding the fed resin
having a predetermined metered amount to a nose portion of the heating
cylinder with the fed resin molten by the heating cylinder to form molten resin.
During this time duration, the screw is retracted due to a pressure (back
pressure) of the molten resin which is trapped in the nose portion of the
heating cylinder.

The screw has a rear end portion which is directly connected to an
injection shaft. The injection shaft is rotatably supported on a pressure plate
through a bearing. The injection shaft is driven in an axial direction by an
injection servomotor which is supported on the pressure plate. The pressure
plate moves forward and backward along a guide bar in response to the
operation of the injection servomotor through a ball screw. In the manner
which will later become clear, the above-mentioned back pressure of the
molten resin is detected by using a load cell and controlled with a feedback

control loop.
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(2) Subsequently) in a filling process) the pressure plate is advanced by
means of driving the injection servonotor. The screw has a nose portion

whi ch serves as a piston to fill a nold with the nolten resin. (3) At the
end of the filling process, the nolten resin fills the \Ahileﬁpm%g)égin a
cavity of the nold. At this point, the advancing notion of the scre S a
control mode which is switched froma vel ocity control node to a pressure
control node. This switching is referred to as a "V-P switching." (4) After
the V-P swi tchi ng{2t heubseguently:inianfilting peeagssytherpressurgdiate is agvap to

cool uner RO Y BB SRS basihAes By Hns

gont rpLI Sd' | whiclf sedbaals acpistﬁmﬁ fillecomoldhwithehe mgieﬁrregmnner which is |
escribed in conjyncti with the ahove-nentioped har ressure control.
Subsequent |y, ope &t i 61?: epg of ithe Sﬁmgﬁoﬁﬁﬁléﬁer@?%ﬁm 2 'ﬁst“é)e e

pl asticizati i b (i se i Fe b | etion
b “the el | [Paco WIRRL S calty grRE oIS WG RoIiane ackaREamb it SRR T 0
devi ce, an eperew bpeaaontrol mode syhach isrsyvitched fram @redocity controbodedom@ol d i s

Forihin th predkleS shikol bl ot Fok GHEE HRMssh 55 L Suee™ coove
the solidified prQ@J)J;AﬂErmBymgmbmﬂgytﬁéﬁ%@m w[tpmheJc%% bf IRCHN &M and

thereafter in closing the nold for the resin filling set Torth in (2). At
any rate, it allewegdorcomhunter atpredgtiessiries pressore. anldisrpresesagds gabedss t hat

hi gh accuracy,,i s achi e . This .be theoretically, achi eved by.stopping
the rotati on SNEREBIEBERS) I e ALY alssids Inec s n€ Bressile ityéh REG
constant str gatrphed iri 8feediaeR \cohtrol BopriAthé S@lildrimarmnaivitiitls 1§ dedcpibaghi eve
this in the manner which will |ater be described in conjunction with Figs.

3A through 3@ spRuURstiommihidhe aboverrentiquermack Pressyie QOREPEf ore an obj ect
of the present in ' P | I e ' [.Qn 0

Bl ast ol zat i on anduaseaiehflyRustafith & 168 RS HRYR e Cla fhs ng
machi ne, whi glastkizatipaldnel meteringtprobésngetfartk im(Bssterehe campletion ¢fQhe 3

And'| medi at I BIOCeRE SELATERBh of the pl asti of zation and metering
ggggrefgi i g\hg; oggje (ggttﬁe 8iher Mahd! VLB YIngHklicBesR Bt bpafatidh foP8jecting
a solid product out of the mold is carried out in parallel with the plasticization
and metering process set forth in (1). The eject operation involves in opening
the mold to remove the solidified product from the mold by means of an ejector
mechanism and thereafter in closing the mold for the resin filling set forth in
(2).

At any rate, it is important for the plasticization and metering process
that high accuracy is achieved. This may be theoretically achieved by
stopping the rotation of the screw with the screw positioned at a predetermined
constant stroke position. However, in practice, it is difficult to achieve this in
the manner which will later be described in conjunction with Figs. 3A through

3C and 4A through 4C.

SUMMARY OF THE INVENTION:

It is therefore an object of the present invention to provide a
depressurization method for a plasticization and metering process of a motor-
driven injection molding machine, which is capable of controlling back pressure



One aspect of this invention is directed to a depressurization nmethod in a
pl asticization and netering process which is for a notor-driven injection
nol di ng machi ne conprising an injection device. The injection device
conprises a heating cylinder for heating resin powder therein 9 kh éhe
resin powder into nolten resin, a screw djsposed in the headlhé HO¢ 2R8

for feeding the nolten resin in the heatﬁ%g cylinder forward to neter the
nolten resin, a screwrotatjion servonotor operatively coupled to the screw
for rotating Miiraheatingeylingeriandeapogition ef g seRWWIbJugRECOWIRgY OB ENded t o

the screw for he
nolten resin "ﬂ ee\rae gl%g‘rﬁﬁ%}@%@%ﬁﬁ éﬂé‘ra%#I '{rz\%/grrgghﬁl%étg”h@ ?tg%er?tsdew ce
is provided WIth a Otherl objdats bothsde_mmmbnguiua@écq@mew:arr@@thd Heseriptioan
resin in the heat%qﬁgsgcyl inder that is netered ahead of the screw to produce

a pressure detfét ignal indicative of the back pressure and with a
position detector fgne Q?ﬁ@&aﬁf@ﬁ’is%@ﬁ?h'|ﬁ@|r9&ehr{8 24é h@nﬂtfbﬂ%@
position detected signa cative 0 e position 0 e screw,

nmot or-driven |lmaerdastmtzattmlnobncgmewmgwocesmwhmétslsdommcvtot-tiaveri m]ectlon

Getected of gndnoldit STadits Gl BAE AN SuSeh Elicsomoits: eiasr e "
etecte Si agn ono
i njection serv@miies LREMY E\dinber erheettlh@teeﬁ B%Wde?fhér@lnsto'rﬁé@ﬂ{é @Rin t he

above-under st ood depressuri Zatlion nethod inh the controller nethod conprises
the steps of mmdarohtongpltemrem@wemd:srmedpoéheh@ad@et%néerfgrmmgthe

rmedi at el y ar teragth et B EeRoo TR I bR R RTIAS R R acs)

and of rotati r@rewnotae@pomeom@tdrtt@emtwb@umg@ a6 tteg seramdor, rdt%gsmeew in
the opposite direction using,the screwotation servonptor on and

i mredi atel y af$GE@W: fed éBrt'ﬁ?@t‘?'b?ﬁwpn@éﬁfcpﬂﬂf%\ﬁ'\bPQW@'P@&O huserewder dgving
process to car f t i ng
Oyl i nder that 1 S ERE RN Lt eof to jEct el HANEE TLdn elehéy T e
depressuri zat i lvertimgt dytiddet foewa@nt rThiel infechiom tievigbliy provwdedwith @ lbhe celtfaw i n

t he opposite d|rect|o until the 0 June.? ress i ndi cat ed
byt ey o eecur BRI PaHR Brgsss i Thoumollen TeoIs i N beahng rubi g cleh fo
Desirably, themafdittddnkest dT%(e dereqr tB‘d?Séucé Q p?@s?é?fré’@@?&téw E@nal iparasvée e

di fference between the back pressure and the predeterm ned pressure, a
rotati on speedofdhetaskpsessure @ndiwitina Qeeronﬂetﬁct@rnfomletev@ng leepasitiemof tbeat e

estrict the rgrat Brpoflos Shei ePutgk VofRThaRRLE RV PAOoY TR e
upper limt thssreaf. Thermbriradiven itjeeticrpmoldihg enachine coblpyise®y domtiollect a
time interval &?r whi ch the screw rotates inthe o p05|te direction to the

upper limt tht&ré&gntrolingyin 'ﬁ‘époﬁ%g&t eoprespiie deteeied Yanalang thecpesition, a
control ler whi ghelfod anéjsﬂnhﬂ %jr% OredlfoY&ior SUrGEMotst A &F e tﬁf%{-:f‘brt‘e
conprising an rnjectio evi ce he I'nj'ection device conprises a heat|
cylinder for hsetvomptoresi n powder there| ntonelt the resin powder |nto

| t in, w_di d the h | i ader, f f eedi
ol Len 1 osin'in ¢ heRREaMR oy fyhatEsparGen 0% BURRET tondbmFERHaRds .
SCrew r ot at i OndgsfeseiRzRionORRATd WEithe €BHPORS MRifdE céﬁfp‘ﬁ‘éeé QRe 'Péd ioRg

said screw, and an injection servonotor operatively cousJ1 ed to the screw
for driving thEOglﬂfJ@‘ﬂQalndﬁgpalﬁﬁeam the peisitisptdatected signadctherseeewnst asnetedsgn

wth aload cerPgh ahecie A thot RePhtuar 8F snbl REM R eBR S armpRbBH . "
heating cylindef megmsmazmmﬂmem@ mroceds aher Ewotating! molr@epoﬂsef)fcemeur e
det ect ed si gnal cative ressure detected val ue of the back

pressure and wpt%sétf?)@@i%l&ﬂﬁ'@@@'eﬂt%‘icr@‘ﬂrméﬁﬁt eRRP§ite dirgrdiontysiig Bre saiewscr ew

to produce a PoskEhbRNsHEhAIE ohl ARl imARLEALLY Sl (Rle SEORMRA! bt Ohig
etected value © he™ posi t1 on “of e SCrew. Responsive to € pressure

det ect ed si gnablastidizhtien pndinéteringlpraseisedo eagpwlut débﬁessurizattdnl @frthe omdltenl s

driving of the screwrotatjon servonotor and ection servonotor
t hrough first ﬁmn%wm&v'aﬁtwaglswe@ﬁ@ Dﬁﬁgof $¢'fWt and the

second notor dri Ver@-\"t’hbhaBbQ?tnfrﬂ%n%ﬁCBBgregﬁprétld?\g REERN4Re controller
respectively. According to a further as 0 I's inventio

af or e- under st opeeferaitly shaerofataihe sesew met\her eppositeatiragtiar ruahgelmarttack
connected to the load cell for rotating, in response to the pressure
detected signal, the screw in the opposite direction by supplying the first
actuating conmand to the first notor driver on and i mrediately after

conpl etion of a plasticization and netering 10 June 2002 5 process to
carry out depressurl zat| on of the rmlten re5| n |n the heat| ng cyI i nder that
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nmol di ng machine illustrated in Fig. 1; Figs. 3A through 3C are tim ng
charts for use in collectively describing an operation on and i mredi ately
after the conpletion of a plasticization and netering process in the
conventional notor-driven injection nolding machine illust ratﬁg i n 15@@% 1;
Figs. 4A through 4C are timng charts for ,use in collectively d‘é‘ér& g
anot her operation on and i nmedi ately aftef the conpletion of a }

pl asticization and netering process in the convenézi onal , notor-driven

P oct i on ol BIRESYFRCHIGIGARH | BX: he RiSssTe; getecteq:; siangl iis lowsred kiddiagr am
of a control syshefrnifed ' Heddurén ITUGHELIO HHEE CoRRORITRRAS idierfines, in
screwrotation servonotor and an injection servonotor according a first
enmbodi ment of adeosdanoecwith @nprebeyre @iffesencebbetwieedi thgr ankopreasarenandithesyst em

an i cot i on SUPYEROYOTechEiEsSdiend T aBnhat R s tn g SeXRTS o
and Fig. 7 is makingtke dcrm ATaRfinahE oRpbsite SYSHRIA. f OR adBRionNtRcorticHer i on

devi ce conpri si nge a screwrotation servonotor and an injection servonotor
accordi ng a t hpreterehtyduayrestrietithe motatiomspaed ofithe sarewsinike 2pposite direction

motor -t ven 1) CECPOR! INATRE ack HIRCTHAG P 56 aauieebuBeioly MCrasiR, or

to facilitate afimeidersaldorwnithahetsieevpistatsstinithy ebbbsite difeetidn foube et
not or-driven injection nolding machine carries out a filling of nolten

resin by convekPitiRerest.ati onal notion of a servonotor into Iinear or

reci procating mot i OR ¢13hA0a bRt 13 enARH s iRted té'a Roflroer kA R ©f

an injection servonbptor ransm t
use in a motor-driven injection molding machine comprising an injection

device. The injection device comprises a heating cylinder for heating resin
powder therein to melt the resin powder into molten resin, a screw disposed
in the heading cylinder for feeding the molten resin in the heating cylinder
forward to meter the molten resin, a screw-rotation servomotor operatively
coupled to the screw for rotating said screw, and an injection servomotor
operatively coupled to the screw for driving the screw along an axial direction
to inject the molten resin metered in said heating cylinder forward. The
injection device is provided with a load cell for detecting back pressure of the
molten resin in the heating cylinder that is metered ahead of the screw to
produce a pressure detected signal indicative of a pressure detected value of
the back pressure and with a position detector for detecting a position of the
screw to produce a position detected signal indicative of a screw position
detected value of the position of the screw. Responsive to the pressure
detected signal and the position detected signal, the controller controls driving
of the screw-rotation servomotor and of the injection servomotor through first
and second motor drivers by supplying the first and the second motor drivers
with first and second actuating commands, respectively.

According to a further aspect of this invention, the afore-understood
controller comprises a reverse rotating arrangement connected to the load cell
for rotating, in response to the pressure detected signal, the screw in the
opposite direction by supplying the first actuating command to the first motor
driver on and immediately after completion of a plasticization and metering



screw 12. Anut 13 is fixed to a pressure plate 14 such that it advances
and is retracted in response to the rotation of the ball screw 12. The
pressure plate 14 is novabl e al ong guide bars 15 and 16 fixed to a base
frame (not shown). The back and forth novenent of the pressuqﬁbphmébdglis
transmtted to a screw 20 via a bearing , a load cell 18, andf
injection shaft 19. The screw 20 is disposed wthin a heating cylinder 21

such that it is rotatable ang novabl.e .in tﬂ axi{a\I directjon. The hﬁ‘aﬂt

oyl inder 21 cBIRESSINGARY AU deResstizatas of 15 rapifanfesiuindhe Bsanas srliesc
with a hopper g i§ fetbRRICAHEAD Gt sBRW %nd JPSsi'Eiﬁﬁiﬁb'a{?%ge%&dt%ﬁpﬁéct@d _
screwrotation servonotor 24 is transmtted to the i'njection shatt 19 via a
coupl i ng nenbée tEs positipn idetertor for fpositioningp lire respansetto dhel pasition| datected ot her

wor ds, the scr 0,,.r.0 S.,as .t t.hat the injection shaft, 19 is
rotationally 3?%1’&%#&%‘& aé(a:q B%‘é@fi?#’%‘#ﬁebryv%mﬂb&% %Bﬁwcﬁﬁ'cﬁja%ng

pl astici zat i ogoprtan® tetHeteRhaGR6Dr divét GMan@ fhmedsatélyafee the Bompretibaat i ng
cylinder 21 at the head of the screw 20, nanely, on the side of a nozzle
21-1 when t he o¢heplasticigalien aad Metpiing:Prasessi ng in the heating cylinder 21.
The nmolten resin in the front of the screw 21 is then filled in a nold (not
shown) and pressurized for nolding. Force acting upon the nolten resin is
detect ed by t IBRIERDE RIPTONSOF FHE DRAWINGe, nanely, pressure. The | oad
cell 18 produces a pressure detected signal indicative of the pressure. The
pressure detected dlignadlisiasehgmatic yiewpf @ cepnentional aetordnven rgectiono an

anplified pre i | i i / A | ' ree

A tached to tRRCSsEirRAnsAYER pheyiSEE afRBHIGEbReE 2R98h B seorersimount
of novenent of the Figs.e@A2Gndo 28 crtgCcexplapaiory i iewsletsilictivelyi ghalving a

i ndi cative of th«?. ampunt of the novenent of the si_cre}fv 2(%. Jhe psi tjon

det ect ed si gndi®n 'SU%W ¢ ECRW 405,H38 (N the sAPYENtoa! mptordrverh Migglar i ed
posi ti on i gngholdceihalchinePistrtBRl] . o the control ler 26. The
controller 26" supplies 10 June 2002 7' first and second current (torque)
commands to first anigssdhtmaughStr argrtimingchads facusdindegileativaly descreurg r ed
val ues set by an_operator. Responsi ta the first.curcent (torque)
comand. -t he. ri1 SBBTAUBL LY EFMadlaten s (. CcarmBlstiph of & lasticatRiand
screw rot ati onmeRiriHeProeEsLih thl coRFEsticHal AI6r-@livdmiajetibh MedIdg! B BRine
current for the screwrotation servonotor 24. ResponSive to the second
current (torqubyste®aedmbig.tlhe second notor driver 30 controls a rotation
speed of the injecty § I . i

driving current forF@E'eE'fgrtlljy@gpbgr? é@r@ﬁ#@%ﬁ' %@F@g@%\@%%@ggﬁ&ﬂg
servonot or 24 arsothepyperationionraral immediatstg afier tha lcohgpletitat of4 plestiaizbtiost
rotation speed of the screwrotation SeI’VO{I.TDthI’ 24 tdg. groduc? a fi(ﬂst
rotation speed®® JREENNERTOSEFS & dhe (pventianal mptordhiven JRIESUIOT RN ¢ he
injection serveuehRle iﬂdst'f%‘ie@ﬂ?ﬂgqqd with a second encoder 32 for detecting
a second rotation speed of the I'njection servonotor 11 to produce a second
rotati on speed si gnkig. iSnidi & htdckediagranh of secanticd! system for wseerdan Thjection st
and the seconddrot ation sFeed signal.s,.are sugrﬁ)l ied éo t.he fontrol | er, 26" .
In particul ar, 9P¥ES FOMATSING 3 SCEV-LYRLON §EMOBIURT BYF PRINFCIAR SERESHRIPT 31 i s
used for deter gtdirAMhgaa fildt elibRirReRest tRs ihfentimf ew 20. It is noted that the
configuration illustrated in Fig. 1 is for the sake of sinplicity and
conveni ence. A specFig. & soabiepkrdiegmm of a eonirad syiene fompsein an iaigstier is

descri bed in, r. 1 t, Rubl i.cat. okkai
No. i - 174, 88WeE ERNRRing SRREB 05N RELREFoiGF o By Bl seBibritor

r ef eregge: Rgf ec¢cfrdm'gts@sﬁt@m gmggmqbrg?f tIﬁiﬁWdriﬁbhp&g(\)d\@ |1 fprocged]c to the
screw in detail. _As shown in Fig. .. the screw is formed of f.our
sections: a feed seEiQ-Jn'szﬁ-bi?CKad'égfﬁﬁ?égﬁ EANEQ JYStam Ser yse Ip ﬁﬂt'BﬁCI'IB”
section 20-3, ; [ { ; N M tidn edi ng
the resin pomggﬁfc rgodr?ﬁ?ﬂ:a o%psg?evggoélg?gl.%%i\f ‘?ﬁgﬁigﬁaﬂ'ﬁé&égtﬁ“ﬁe@g?{ﬁ
partial |y nolt aacerdingea thirtcembsdimertof thisirventione which is increased up to
around a nolten point at the feed section 20-1. Under the circunstances)
the feed section 20-1 typically has a rod-shaped nenber 20' (Fig. 2B) of a
general ly constant dianeter along the |length thereof and a helical groove
in the peripheral surface thereof. Supplied fromthe feed section 20-1 to

t he conpression section 20-2, the resin powder conprises a |lot of resin
grai ns which are spaced apart from 10 June 2002 8 each other. As a
result, nolten resin in the conpression section 20-2 has an approxi mately
hal f the vol une of the resin powder. The conpression section 20-2 is for
reduci ng the space through which the resin powder is allowed to pass) in
order to make up for the reduced volune. This conpression can be achi eved
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The feeding of the nolten resin fromthe netering section 20-3 to the
nozzl e side is perforned through a check valve ring 20-5 in the head
section 20-4. The check valve ring 20-5 is located at a position in the
vicinity of the left-hand side in the figure during the neter 4N SS.
In this state) the nolten resin can be fed fromthe netering 5@8¥Pd¢ﬁ§b-3
to the nozzle side. After the conpletion ®&f the metering process, the check
val ve ring 20-5 noves tomards the right- hand side in the figure because of
a pressure di fDESCRIBTION O : RRED IEMB Q8 prevented from

fl owi ng back away f the no si de to f he neterln sectign 20- The
head section 20-4 |ée{gyrb“§:é?| gf r e GORVGIRICRAL M Otor iR %?He’”leGHOQHﬁﬁédf’grenber
20' . The head n
ther eof . The rné g@'gged%eﬁ%‘%?ﬁ?gd Hﬁﬁr%t ﬁﬁép (;ep{dt}?gtaﬂ g?ﬁ%’ﬁ%'ﬁ%ﬂ#

t hereof . The tmedestemtvenhorzo -Phe ﬂlustrateldemhot@dmen mjecticapad|dimgripeachdie by
nmeans of engaglnﬂ t he orned in the head s ctlon 20-4 wi.th the

th
femal e t hread $HPRRPUL ?L(ﬁ r?ﬂ}@ 'br?sﬁnttWeCPBtﬂe RGpERAYRNA JPOYRR Of 1R thi's
end, the root M@)H\@'ﬁblqﬁtotlh%arﬂ%a?’e&[ﬁ@bh% Aotidnl Usisd @Yl ePeW lavdsgmddl er in

di aneter than the rod-shaped nmenber At any rate) it is inmportant for
the plasticization Wrfigni: ®tatiep qfra@b@@tmhaemmoaﬂé ip ransmdtechlod pakssur e

o i he sor ow 2RI TEY R uL PER o Bia ehSate A 24 sPEF RN IRy HicS Rt ©"
stroke positi OR.retiagrdein, resnomeatztlheerotattonusftﬂ\lefttalt:s&htew 021 €phé peedduirs i n
the manner which will |ater be described. It will be assuned that the screw

position is coblet®lifds mevable alongoaide darg A8 and 46, fxeditpiahase frame (ot
tant wh | .

:AIntS hgzgh r gt ?eétt?&cl)@l ? ?\rteH SCrew é’%“?‘?g‘ag%'ﬁéhﬂ& tp Eﬁé% 'JF}nt‘gme?téﬁiqﬁé" itted

pl asti ci zat i ontceadcrent 20iviega pearrg 47| 8 lcxahelet &dand be injetfienshafs19 | Théed

to the nozzle side h the heck val ve ri -5 caused by residual
esour ool S aoeatd e Bppsattifinn 2 heainaccWiBREF 41 sush Taaidt s htaeile 38 ¢ ne
screw 20. Thi sphabk |h5thb'dxﬁaﬁhtr§&tﬁﬁh' MTHg Kkat %ﬁn&&r ?Pebrrégporﬁngg togtﬁeszQWS a

waveform of a rotation spee e screw 2 le Fig
wavef orm of a pettionzf tbpeetﬁvw?.aﬂs pioyidecwith adhopper 22dot femitng#egm B@Ndhbws a

oyl inoer. 21 1 nal NeSowipERGHoGkata shefuBteldlar Sonbdt R idnsindEf o 3

retreat of theijrjedtRi é&fﬁt@pf‘a @bo@lmgrmemnetaetc Frifﬂtsed:@mfdr@xbmmetdtselt
position the screw 20, nanel ﬁ@[‘t e retreat V\NBeed of the screw 20 is set

equal to zero. aPdacRdiey. t e othsr aords the serwerotales s Adrsvibthad the ingction
becone to zero I 3A. As a
result, the bacﬁggrqgsléggtghgﬁayd]ﬁ[eﬂ%t%rée ?e%g%téﬁ:%b%?ﬂodoft{oﬁ?ﬁ t he heati ng
cylinder 21 i ncreas&errgtzeplatsltlelzatlcvreandnsrteatetmgbraeessl imoitenaesith isirdpipgd 3C.

| der t 1 d d
out “at ter - Che. S eatisy oiingrg2 bROBE Neart e SeRav 20: bme. s Bba'gidec%t“ °
state is illustyradsle iN-Fivifen the $GeAURD gbes Thdk white SBRINMRGEnVWRY et

the rotation speed N of the screw 20 while Fi 4B shows a waveform o the

retreat speed WyWidaril. scrhaymptien resiadathe ﬁ'ﬁn?tlf the serewndnis thendilled dn @ - of

he back i nd
21 in Figs. Al R Bl T e riRang Pk g L B g e
conpl eted at thesmuﬂaetemécaby th’éﬂoad celi e 8gnidaationdomce; naméfy, prawsudOZTHe as
illustrated in Fi 3A through 3C. After the, conpletjon, o

pl asti ci zation! C%ﬂérﬁrﬁﬁuﬁﬁso%é’é%ssuﬁge%%d FJRHER mdéCQ*‘VSfOfttR% Phesed
molten resin w t'I"h rEQ?urQ L88dS n'a %eémé \?‘érlhéﬂ”bﬁﬂ' a?rgﬂméhﬁé‘ it ean
pressure contr ol carrle out s n rol the back pressure t he
nmet ered nolten ampllfledvprebsmretdn@tdimmmg thghisndplie? o atcoatroltarsiGint as
illustrated in Fi this press econ S .ac realized
to make the scr ewgzo“ttﬁhﬁg\gg tgg H"??%?Ppﬁt@ ‘H{ Ll Oﬁéjetqﬂf’%&?é@g‘t‘:@ M an

I naccurate scr %8&%‘ 4 rﬁBvé’rﬁEﬁtf’ & t?wB%cfréW lPong ;ﬂro%@?% pbﬁltu@ﬁiébte'c%t) s‘rk_;r;]hbl ing
amount of the ten resin time interva are vari ed

desired | evel s)indicatve n@tlaae cqoradunt 3ofdhe rmodeEment ptithehecrew 0. The posmon

af Ler the complaRtFHRIGIOTHIE ARGy adooion arRifsh2d i § AR AnlmeaP Bier

depressuri zati @I_pnél%néwssemea%b liédtd thedRIrgioNened'. i MHehsordioNel 26' SUppPIes as
illustrated in Fi 3A through 3C. However, the nolten resin |leaks to the

nozzl e side through the check valve ring 20-5 caused by a residual higher
pressure in the heating cylinder 21. In addition, in as much as such
residual pressure is not constant, it cannot be previously taken into
consideration varlatlons in a Ieakage amount frontheatlng cyllnder 21

Y. Y. o -




Referring to Fig. 5, description will proceed to a control systemfor the
screwrotation servonotor 24 and the injection servonotor 11 in the
notordriven injection nolding machi ne according a first enbodi ment of the
present invention. The illustrated control system conprises f1i rst t ugh
third control subsystens Cl, C2, and C3 which are called a rot0 4§ ed
open | oop control subsystem a pressure ’f eedback | oop control subsystem
and a position feedback | oop control subsystem respectively. The rotation
speed open | itsh apdsecond sumspkiteinuel commandsieofisst anghegeongmeter deiwatsr ol | i ng

t he screwroggti [ tLr rotation speed
command val ug@ﬁpﬂ&ﬁ%%@l&ﬁg%@éh@?ﬁ@ﬁ%&%ﬁ3&%@%@%@@?1( | oop control

subsystem C2 is aR@@Ebngbewaé'ﬁﬁsemnﬁr@rﬁt (Esrgueptdrhmandi the frsp@oss drived
pressure difference between a pressure comand val ue Pr and a pressure

detect ed val 48 SPPHPIse faiation ArReetphihei sHewdplasien servomoter 24y rsepree! 11 10
June 2002 t otahd Bl | "ﬂ?g‘)t BEVi?@'c P! lth'eog?lfeﬁﬁfg?gﬁéﬂw 'SBRARQRE 2,
subsystem C3 1s a control subsystemTfor controlling, in response to 'a

posi tion gi f Responsive ¢t ieesecorziceaven ¢ioirg ue)rcopomamd thealecondmatoddavercr ew
position det

ted value Sfb) the injection servonotor 11, ecifically, the
control ler 2 Bc@ﬁfﬁml%@sr‘ﬁaﬁ%m@ﬁﬁd t Penigladion; srivamotqr; TE@EaWSaE%&Snd

subtracters ; Sﬁﬁ.?é‘l.q ] arg.first
and second sémépgﬁﬂggéé/\iggéﬂj S\??W‘QT e corﬁ@ggﬁ@@t@%ﬁ@séggﬁgﬂﬂja' p?gauces a
screw r ot at i sorevpeatdticnsemvototad24 i provided witke adicsteancodeas i dor dgieetthgcomrmand

lue N . indicati f th d val ye Pr,
and & Scf ew (oUet [GRIGHARRRE of Nof SatawPtBrorn AEVBEI pds PTOMRECH NG val ue
Sr. The cont rgiatigh @%ﬁdfﬂ@blaplrio&ﬁtﬁgg%ﬂ ﬂ\@efiﬂspaét_aﬁéh:spb%d_t hifKeglsd el Oad

cell anplifier 25 wi't e anpli d pressure signal 'indicative of the
pressure det éejeeliprvegnveneienti ismradidediveth asreorndaneedardy? feedetectng@ i ed

ol 1 11 e poseriin *Egh ¥eest PR BAshOT sBREDAF 138 Aok i Aoseehe o Ce
Sfb. The presstationapeednigrnaldisstivecofthe tseeond estatior spestanThy éitstanBr is
supplied to the first subtracter 41 which is supplied with the anplified

! . 1pp .
pressure sigriBf SaNdaofatiorosPee signals ae wuppbedda the erntrslisr 2fhe i rst
subtract er 4épa?+i'$l}l£|afﬁéfiFs*t‘fothiS’ﬁ%éé&dHSEe%?écFQ%MﬁJ' té’ﬁ{bde’?%ﬁéhﬁgd%the
anplified pressure signal fromt pressure conmand value Pr 1 ndicated by
t he pressure dedemeinthgt o rataticubpeed bhihesoeew@0e di f f erence between the

pressure command val ue Pr .and, the pressure, detected value Pfh. The first
subtracter 41 pr odgl’?e'%otﬁdftﬁ?épes%‘ﬁpaﬁajﬁoadwsgé‘?% "%_F@né'l 'sifﬂﬂﬁ@aﬁn\feoof t he
pressure di f fmeneis addomveriénda!DIA 36 difdd co@fdiratisn 8Nis éxarspBRhjeetion 0 t he
first conpensator 46. The first conpensator 46 conpensates the first

subtraction ré&ies isslesesped @,]Eiabmpl& dapanesedaperanained Rateptdiublitatiorcr ew
Suppl 1 od o (e BENGHEL 26 AT MA TP AR HE R B, e

posi tion signg refexdneeti ve of the screw position detected value S fb. 10
June 2002 12 The second subtracter 42 subtracts the screw pgsition detected

val ue S fb indi catRefesing ieFigspPArandBoiascriphon Whaiocepe it tesyewed

posi tion comgngdyal ues gﬁ?wm P‘@F %g e LA8wSSE RYoRASH bf Rflir SRETEH attged
calculate the position difference bétween the screw position comrand val ue
Sr and t he scsestiop®i-1] @nonhpressien sectione2B2ba nMéterisg seotibrs2B8; and er hettd

d d b i l i I indi, j f th iti
i f1eronco.  THECBA e reed SehanZdilrs dordResinBehe e Podceb FBRLIEE  ond
compensat o  4ffopdliEIRN ARELHSAOStAL of 8 TRAARIASIAN SaRECONHE resin

subtraction result signal 'to produce a secon nmpensat ed signal. The first
conpensat ed shamigmperaturppvhioll is mcréased upto ardindhe modleompintvatitaeadeedswt and

The 1115t cw PEHOBRET: o EGERITERroiTHERRES JFF S SPRITERC el fatng
i ndi cative of atrb@-sﬁﬁprﬁg/n’]ge?ﬁ@éﬂ 20 (FRESE) 0P BTHRME ralfy domstiint iametehalongnihend

setting section 40. irst swtch SW1 selects, as a first selected
signal, one olengtietheseefiandha delical grpeindbemetigharal suace theseoktonpensat ed

signal. The first ' ' ; 14 St er bhIb t he
first selected si gﬁ%bg{a Fﬁ%ﬂ @?Bg%aggf%%r?é& @otrqg’r%tr? .pr%ée'&gggétﬁoﬁ\%@m 'ch SW2
sel ects, as atireeshtpostieci®tdpssapnalat obnesinigraihe whicts dreasphceldeapetrioom
conpensated signal. The second switch SW2 supplies the second notor driver
30 with the second sel ected signal as the second actuating conmand. In the
manner which will |ater becone clear, the first and the second switches SW
and SW2 are interlocked with each other. As is apparent fromthe
above-description, a conmbination of the command setting section 40, the

o, N N A N - e o .




10 June 2002 13 anplifier 25 also acts as the pressure feedback | oop

control subsystem C2. Furthernore, a conbination of the command setting

section 40, the second subtracter 42) the second conpensator 47, the second

switch SW2) the second notor driver 30, the injection serve-gpépr %%W t he
Ung 4002

position detector 27, and the position anplifier 28 is opera
position feedback | oop control subsystem®3. The description wll proceed
to operation of the control systemillustrated in Fig. 5. Attention will be

directed to teachiciben ciAsa resaultamoitentresinrig the ccmpsedsion sectiont 20-2daisvam
injection noldin chine. ring.th | asticization-and neteri.n [OCEess,
Lhe Tl ot an dmtoXEkH fay i ks Br F3sE e oL TR elTRrEtial 85 LS
illustrated i rpg=pgs fér-redhahgithe shhce HHHEYH WHIGH tRNrexiepewaeNEBAIbwWeocat i ve

of the screw rotation speed command value Nr is supplied to the first notor
driver 29 thr Qa§s, terder lsmakeiupdar tharredycedyofumet His gammigsyensande | n

ari ver 30 t hr AN SEELBRRE GipBeiEly TP HREb e Rt lPo R e Rl o
Under the cir aorrdsponding tohtbercanairession peeton 2072 Ito epakentie béliclgsystieem CL

carries out rotation speed contrqgl of the screwrotation servonotor 24 by

suppl yi ng t he S@BW. r othg icOMPEEsien SREHARJ20RdcerIressess thenanalteneieiBe at i on
speed comuand I ot g I fer j

i teh SW s FigEebiar Slifimic ERbt Rk Uy tElior Arkfineates 1% pidsShre

f eedback | oop afdhemubltesulesirstograstbackroities hoppep22 aiun thebeating cyindeh21,

i njecti 11, b | yi .the first. t ti, |t si I
i cat  ve of TSI, lafle gRsiontineiSin erAipABd coREmiBaIegA R rTER, and
the pressure delgft e Pégdq;b%(rfnt%nﬁ ghé Eﬁo@eﬁ@@@&imofhéiﬁééﬁryliﬁ@er@f R&githd he

first conpensator 46 an second swtch SW 'as the second actuating

command. |t wifesirbpresswesgidhedigheashievehis tbeaompressiohsectioni 26et.er i ng
process in the notor-driven_injection ,di_ng, achine cones to an end. In
Phis event, the i1 5pe 2t SPrabBL dBbAR Y DresrElirany ERIRL A eIl 11om
the state as itormssporidaty iothEingetefing §béfion 20-3 herHe metertgrgtisnt2od3 pagnal

is supplied to the first notor driver 29 through the first swtch SW1 as

the first actutl® shpllowest halical sneove iormgshianthe Mod-shied BeMbei2Cec bR

conpensat ed si ISei Li ri i khe
second swi tch %Eggé?ﬁg?gg@%gtghggﬂé&gte?sﬁg%ggmﬁ%m%ér I‘ﬁ%‘?% é?@&@t‘:‘gﬁ%gmnd
setting secti oand(s peathdciesunifsm feenperefiseanvetic aminiednal sexotieermic eeactiomand

i ndicative of a,depressurization target value Pr, ich s legs,than the

b essur e comant FFRIEIeTBINCA AT d o mAlEndes i is Sherares (NATRs iF BPeSes.
Under the circypetintteheafiifcptingéppie feedback loop control subsystem C2

carries out pressure control of the screwrotation servonotor 24 by
suppl yi ng, as the fThetfeegingaf theymedandeasin fram the matedngseetian 20r3rtedbet

Carget val uo PROEAS Side S BTN Tt BhEL i (VLA 2" LR R Yl "
driver 29 throgo.t MEhd thiedk vaiveeng 208 is4bcated dt epdsiticit insthe tidinifvdf.thén

addition, the position feedback I ogcg*r,cont rol supsystem C3 carries

f e \ . out
posi tion cont r §ft-Band gide in Betfigre suripgnhedneteringyProgess-yi lRghisagtatedhgecond

actuating commigiant S@aq.pé‘%jé%}w i ‘ St 9 1l in%ZE'v f the
position di fferen%:eg 'J%g%nween e séﬁ‘g@égggff'ﬁgﬁbé%%ﬁt\‘?atﬂge rlleasﬁddé)'t he
screw position det edified theatarapigtidh of the meterdappedcess dhe dhecleva®e ringr 20:6h

t he second conpensator 47 dt second switch SW2. At any rate, a

conbi nat 1o of MBS EMAIHa Be e =08CE Fnubie (RUG BEcaOSt it Batefous, ¢ ne
first conpensaififerBfce aNAls s, 17é nfoehGBsAW pPéVeEd ABPIERNGIRKIdWA] | Ng
arrangenent for rotating, in the response to the pressure detected signal,

the screw 20 i fromhtheopperie sidedo the metering sectinml 20-3g The headssection 284 ity
command to the fi.r tor, driver 29 on,and i [ at ftegr t

conpl etion of tt%c%fyaﬁwgpzﬁﬁq%ﬂ{e%g'o_matt%? |rﬂ‘é)gg$g%@srﬁg%8%{:ﬁy ﬂﬁq hea.d
depressuri zat i @@cfién 202t FB4 b @fal6 YicAdiIfBrrhEE iMewt rodPpeitionnAeiec?l Thetod-s

met ered ahead of the screw 20. In addition, a conbination of the conmand
setting secti orshaped nmembecdddasubiamale dhread formed rangaddbeieshs al ag haad
and the second ki ihLARI :
positioning, i r?%\r@téé’gggg\e/%t%ﬁpﬁe@%ggﬁ??%Rhgggg@%eﬁbé'?%gaﬂ, %%@QEE?% agéBg at a
met eri ng posi t itbe niale shrppt fomeed imeths deadcs emtib o 20-4 gvitbdhederd ateothrdad femedd
notor driver 30 on and inmmediately after the conpletion of the

pl asticization and netering process. 15 10 June 2002 Wth the control
system as descri bed above, during the plasticization and netering process,
the screwrotation servonotor 24 is controlled on the basis of the screw
rotation speed command value Nr to carry out a metering of the nolten resin

T - . o e o o o Y b1 o



the rotation speed of the screwrotation servonotor 24 in the opposite
direction is determined in accordance with the pressure difference between
the nonitored pressure detected value Pfb and a predeterm ned val ue or the
depressuri zation target value P~ . In addition, the control S¥s 2002
illustrated in Fig. 5 nmakes the screw 20, rotate in the opposite direction
until the nonitored pressure detected value Pfb is equal to the

depressuri zatign In addition, the rotation speed of the

|
screwrotati dht %}Qﬁggrgétb%/fﬁgﬁemhpért R opotiis &NHi thec FaaiPaskign of drengedy be
restricted tggkfish 96 0es errﬂPréadN?'s%lfe? rrPB%tﬁé’féP@fa‘Mﬁe?%gEE%& mémbécause,

if the rotation spee ewrotation servonotor 24
is too high, 20he depressurization is t oo Iarge Furthernore, a tine

i | f whi h 20
efor abl v be oo htialy 3 3% Faehihl OF md plaafic 2R0e ahf seetEEs prdeassy | |
set. This reasfudchrals ﬂo@ltbﬂ%d M‘&%@uﬁe@e%‘feﬁoﬁsﬁlﬂf@m&& Hehtﬁeaﬁt%éﬂ&d

molten resin wthin the heating cylinder 21 decreases caused by the
depressuri zatrealrzedtb;estoppm@ thalretation of trE0sgepR G with the soiesv positionsd ah resin

fromflow ng b t he Lin ect | n20 side in th ati | i nder
21""at any B eoptrle PROER S R e el e b el hat o
controller ZQé\resrrzrertmelrﬁletﬁlemédheav\mréﬁ Wil late? Hedddeeibedt put si de of the
first conpensator 46) as a second enbodi ment of the present invention

illustrated in Figt thl besagsimedthat the serew pesitior Bngrsriiied soAsgiaositialn t he

f f I
br oduce a1 e Srey pobftBnratd liffe Pitent Wicte e AR SREIHE N o
of the first modesshiz smnpleted:wAlthveghSetreatiod tikd\BcreW 28rstopsiae theatime

combi nati on qf the Borrmand setting section 40, the first subtract er 41, the
first corrpenéﬁ?tépt‘d erg fhe FP'?%‘?Q’-’&%“%-’S)“%W’]‘GFWH@ PIOCEsS Svfarppletng themplignas a
reverse rotat I r , ) ssure
ot ecrod oi griery e8I MERoE R s oLAA tne BnbOF yBRBRAE S0 0 iediPP D]
first act uat rmgrdmrahpmsduteorntthe Heatiag crytutdafr 4 atvibe db@npmssmd seotienl 82| vy

after the co tion of.th | asti.ci. i na ne, cess to carry

out depressurg}ztg |8WV\S%O ghﬁtﬁ%@dsr"é@ﬁrﬁ qchin FHgs: t?rﬁg '&3 ‘nder 21 that is
metered ahead of tig 3ATsPWSG whiefon® dTRfRAtGHPsSIRRENI 1k 8&eWe20 ammer di ng
to the first and the second enbodi nents of this enbodinent, it is possible

to control theighaBlshonwssswerelormidfa retleatapeed Viofithe Iscrew Be. hissaddition,

cylinder 21, r t sin
within the heg i tﬁ'gcécﬁ %\fén%\e/vraklgﬁorg‘fShh% bﬁa:c?;tﬁ?sé)\grfa Fh?!tg%prggﬁgr g‘% %wv\ne screw
20 mai nt ai nedtheddatiagroytiede tmmﬁ meterédshgaatcédhé)ycrtebﬁm.crwspmhtirh on
command val ue Sr ﬁgn and |[:(§rigr at el y er the .conpl et

n of the
pl asti ci zat i on'9and AEEEER ?58@%’% @r?tr"’htj Tﬂia@{ ??PV&QQEPWB&%‘?\ will
proceed to a ﬁé’élﬁér?lhesé’@rkﬁrrﬂd Hamddl§ t gérr@tf‘éétcg W‘o?ﬁfe 20 rg‘éefiﬁauélhe
i njection servonotor 11 in the motordriven injection nolding nmachi ne
accordi ng to W zeipr dHemever, rt’eatrotatron Ispepd ébehthei sovaw 20atnesTiod biekcboret toat ed

The. contr ol syaeairhe Sme el T4 fu§PRlen s Fig . Re S08RuP B B s *°

nodi fied fronpideatrd IF Witthat prétérddFhiblited Assimiwithih aher e eymdar 21 The
controller is therefore depicted as 26B. For the purpose of sinplification

of descri pti oicreasesiafter g timedpstant TA@sdliustratad imEigs3Re ref er ence symbol s
and description thg'[gr%fer'tc? etntﬁtq IEepr§8§%écfHa?5 ?sdcré cﬁhgbfgrg ied

structure and oper 1 on tO COI’] ust'r except
t hat t he cont oot &fter taéaomm@uromefsthe pta)stwaibnrarmtwetermlgqneceés.a Tdmr‘stahatr on

of the first su, tract a%ﬁhe first conpensator 46. The conparator 49
has a noni nveld W A u't [OUgipvi ed with the pressure conmand

i ndi cati ve of the U gtwé]% I & nal
supplied with the g%?ﬁ %’goc}g%ressurfe{eﬁﬁs?gtnhgrowgma%ére\?/j\éﬁg? %érgwg%&/rﬁgg]

det ect ed val u€igPfdR sHdves e svgafermoof #@ retrephspeed merbmeassnemeZ&orﬂnmdﬂltmt ue
Pr indicated t ressure c mrand th the press etected, value Pfb
ndi cated by Pl LisRovs cwaveOroos Nerkack Brebs G B dhe cRplara L BIPEBs ul
signal i ndi catdaif withi ikt rn| na@rsytt l%@r?@%i%u@ﬁﬁ%ﬁ%@ pleehERAaghy al ue
Pr and the pressure tecte : arison result signal is
supplied to tﬁédrm@t@rlngwmeﬁ@l ls c@malﬁedfatrﬂse tlmednsta@t Jédnihe similae manren
and SW2. Wien the pressure detected value Pfb is larger than the pressure
command val ue Pr, the conparator 49 produces, as the conparison result
signal, a signal having a logic low | evel. \Wen the pressure detected val ue

Pfb is smaller than the pressure conmand val ue Pr, the conparator 49
produces, as the conparison result signal, a signal having a |ogic high



10 June 2002 18 the first switch SWM on and imediately after the
conpletion of the plasticization and netering process. As a result) the
screwrotation servonotor 24 nmakes the screw 20 rotate in the opposite
direction on and i mediately after the conpletion of the pl as d@@é@éd@“ and
metering process until the pressure detected value P fb coinci th
depressuri zation target value Pr . In th?s event, the screwrotation
servonotor 24 makes the screw 20 rotate in the opposite direction at the

rotation spedd ilhgieiag ia fiosetA thipugh 3G  Afier the somaladiontniibe piasticization
d tt t { L
ConTant e os a8 ciBthS Prddhes! e ERIALELAE 31 rRHcldheq Mdih, BEWEIEIE

the pressur ethieheatiredcyingenl is hmnaor@h/\arﬂﬂthem MBqaresmldoe\tr@I rseccztrnem by
suppl ying the {I rst actuati e first driver i n and

i medi ately 4t # ‘Paislt\%c%'ﬁ?)‘ltgglb@ﬁ fes[sHée Blcgét“?@"eﬁﬁfq WO R TR Myt Hb r ocess
t t d

20 that s miearigeaide Rt of Aot By IRRUBRY B Fl, 48 . Ahelet B Dove
preferred errboahmtcsan@oé lmfoahgllydmaa'zé@doemakpl tbe efremh0i goevackoas Wil e

this i ti n f be d d ti th d
st e SRl Wior g, FE BETRA SRR SO P B S,
the art to Plinghicbayenhi RRldN HIRGAGhbER SMNKINDRUS rEBANETMIRY fiRe. than

the specific defails disclosed wth Fespect to these preferred énbodi nents.
For exanpl e, intaevad,catevaried fronngediecciebetsi wveringsa aliality o maidisg. whi ch S| rrpl y

Sune 2002 10 what HPEIRPREAERRs Tzt bolf1d P4k uik ey kG Biton on

nol di ng machiame, mméaratayrmer(m)e domphioRJof thie Filastination a:md anét@amgng
cylinder to nelt the resin powder, creating a nolten resin; rotating a

screw di sposdOFass hEynak dweégmnzmlen the acrﬁw Resitipn @céet@mr@df iBdf@et he

| t th
Corew i -t ho i ERACFaElfsRadd 1R MEE IAHBUGhNET HBREveL Ing gD, |1
2. The net hodesih Ie.’akas o the nazelecsite ﬂtrepgl@ the tinedluvkdee ring20-Hgauded bgrew i n

e Lo SBRRSp et hd G o R i Sn s e

claim2) whergy §uch RRidual presstiels mdtho%@J?a%tn%aﬁmgoé BﬁastW’\ta'k@ntlﬁl%
direction opposite the first direction to achi eve a desired pressure of the

nol t en resi n eANsidesatinsy Magakiens isfa leakage amavgt Hpm heating aylinde2thnesghof

‘' the i1t PR AR 20 36 g ae e Varidker ShEl e r AR ko " )

during step (iblesultdjiniahiimgtcubste postetédoameblint he screw al ong a | ongi t udi nal

axis of the screw. ) , - .
Referring to Fig. 5, description will proceed to a control system for the

screw-rotation servomotor 24 and the injection servomotor 11 in the motor-
driven injection molding machine according a first embodiment of the present
invention. The illustrated control system comprises first through third control
subsystems C1, C2, and C3 which are called a rotation speed open loop
control subsystem, a pressure feedback loop control subsystem, and a position
feedback loop control subsystem, respectively.

The rotation speed open loop control subsystem C1 is a control
subsystem for controlling the screw-rotation servomotor 24 in response to a
screw rotation speed command value N, for the screw 20. The pressure

feedback loop control subsystem C2 is a control subsystem for controlling, in
response to a pressure difference between a pressure command value P and

a pressure detected value Py, either the injection servomotor 11 or the screw-



10 June 2002 20 6. The nethod of claimb5, wherein: step (d) includes

adj usting the position of the screw along the |ongitudinal axis of the
screw in response to a pressure of the nolten resin at the nozzle end of
the heating cylinder. 7. The nmethod of claim®6, wherein step @j%Hl ngé&ies
controlling the pressure of the nolten rgﬁi n at the nozzle en ng
heating cylinder by adjusting the positi of the screw along the

| ongi tudi nal axis of the screw. 8. The nmethod of claim7, further '_
conprising: (LRI PRRYORILY 24) )ﬁ&)ﬂ@ﬁlﬁw }@ﬁjidbtaﬁé loRR; eRRteR Sé‘gs‘z’?ﬁ%ms@éﬁm

al ong the | ongi ' | : ﬁdy a ., desSd;f; d?@édg n. 9.
The net hod of gcﬁﬁwgé,”b?‘zérttéﬂﬁ°’igﬁ%‘f‘?gi gfno{ crlﬁgﬁtr?gas edﬁﬁ)j), a J}.‘Egti ng
the position bétwden ascrew position thmnmandvaiudi Syadndiaissrew pohitioncetected
response to a pressure of the nolten resin at the nozzle end of the heating
cyl i nder. 10. vaite Sat thednjectien sepiomotandtei n step (d) includes controlling

the pressure of the noJten resin at the nozzle end of the heating, cylinder
by adj usting the pS®eEifigalathe pentiQlies OAcsmryisasea comgiandsseiting 8Ftorb#0t he

screw. L1 Thegiahhalcha aLfbf 4YBRESH2) 1R o\ ebboh Cothsattislg diy ¢ he

position of the screw al ong ngl tudinal axis of the rew to achieve a
desired pressdi7eand fitst@ndwecond sedticheaSVVhanddM2e end of the heating

l'i nder, wh t he. desired th ,
cylindaer ere ?‘heegcgnr\r%anarseesﬁsl#é ese%ﬁon 4% produces a screw rotation speed

command indicative of the screw rotation speed command value N, a
pressure command indicative of the pressure command value P, and a screw
position command indicative of the screw position command value S;. The

controller 26 is supplied from the ioad cell 18 through the load cell amplifier
25 with the amplified pressure signal indicative of the pressure detected value
Pfp. In addition, the controller 26 is supplied from the position detector 27

through the position amplifier 28 with the amplified position signal indicative
of the screw position detected value Sfp.

The pressure command indicative of the pressure command value Py

is supplied to the first subtracter 41 which is supplied with the amplified
pressure signal indicative of the pressure detected value Ps,. The first

subtracter 41 subtracts the pressure detected value Pfp indicated by the
amplified pressure signal from the pressure command value P, indicated by
the pressure command to calculate the pressure difference between the
pressure command value P and the pressure detected value Pg,. The first

subtracter 41 produces a first subtraction result signal indicative of the
pressure difference. The first subtraction resuit signal is supplied to the first
compensator 46. The first compensator 46 compensates the first subtraction
result signal to produce a first compensated signal.

The screw position command indicative of the screw position command
value Sy is supplied to the second subtracter 42 which is supplied with the

amplified position signal indicative of the screw position detected value Sy,



end of step {b) is a first desired pressure; and step (c) includes rotating
the screwin the direction opposite the first direction to achieve a second
desired pressure of the nolten resin at the nozzle end of the heating

cylinder; and 10 June 2002 21 said first desired pressure i1§..ﬁfn§ > t han
sai d second desired pressure. 12. The nethod of claim9, wherei ta)é@(d}

I ncl udes controlling the position of t he ‘Zrew al ong the |ongitudinal axis
of the screw by conparing a desired pressure of the nolten resin at _the

nozzl e end of tIKE $REANEURIAGI TEE SWplf3Cts the sEiey PRSitiaR deteded vAkeniht en

[ t th I d of the_.heati, | i d st .C) includ
e e Rl B R B SHtaL o L S Hrson SRS, o
direction by cgypar rlﬁdi%afé%%)_f ffé ORISR codhimaml fosdhidatethatpddtomozzl e
end of the heating Jyl I nder with an actual pressure of the nolten resin at

the nozzl e enddifferdrive bewidengtheysdrewepositlén cohmmard hatleoS, odrad the2scifew t her
conprising: (d) during step (c)) controlling the position of the screw

al ong a | ongi tpositiert detdctecialibSgcr Ehe secandsabieacted4d ipreduqessa second 14.
The nethod of claim1, further conprising: (d) during step (c), controlling

t he position ofulitractioorresulhlsigng! indicatiyiet afdiheapositidrs diferenee. s chhensecorathi eve
a desired positi

during step ( b?uafr}i%‘%’%orle;pﬁgsr@"‘[agﬁgi’]cﬂp'gécﬁ:‘@tt%éSﬁ%%%‘i%%ﬁﬁiq?\gg&irs‘i?hg e)zl e
end of the heagédtthdCadrhpéiedatdys BEbMpEhstes e BESIHd QlibtRictibAges@f siyhal tBng
produce a second compensated signal.
The first compensated signal is supplied to the first and the second
switches SW1 and SW2. The second compensated signal is supplied to the
second switch SW2. The first switch SW1 is supplied with the screw rotation

speed command indicative of the screw rotation speed command value Ny

from the command setting section 40. The first switch SW1 selects, as a first
selected signal, one of the screw rotation speed command and the first
compensated signal. The first switch SW1 supplies the first motor driver 29
with the first selected signal as the first actuating command. The second
switch SW2 selects, as a second selected signal, one of the first and the
second compensated signal. The second switch SW2 supplies the second
motor driver 30 with the second selected signal as the second actuating
command. In the manner which will later become clear, the first and the
second switches SW1 and SW2 are interlocked with each other.

As is apparent from the above-description, a combination of the
command setting section 40, the first switch SWH1, the first motor driver 29, and
the screw-rotation serve-motor 24 serves as the rotation speed open loop
control subsystem C1. In addition, a combination of the command setting
section 40, the first subtracter 41, the first compensator 46, the second switch
SW2, the second motor driver 30, the injection servomotor 11, the load cell 18,
and the load cell amplifier 25 acts as the pressure feedback loop control
subsystem C2. A combination of the command setting section 40, the first
subtracter 41, the first compensator 46, the first switch SW1, the first motor
driver 29, the screw-rotation servomotor 24, the load cell 18, and the load cell



a longitudinal axis of the screw. 16. The nethod of claim1l, wherein step
(c) includes rotating the screwin the heating cylinder in the direction
opposite the first direction for a maxi mum period of time. 17. The nethod
of claim1, wherein steps (b) and (c) rotate the screw at a sg&ﬁd us hg a
predet ermi ned maxi mum speed. 10 June 2002 22 18. A controll HEe 29

i njection nolding machi ne, the injectidd nolding machi ne including a
heating cylinder to nelt a resin powder to create a nolten resin, a screw
d;sp(r)]seﬁ [ n_anhWifiele_aﬁgmg? Gaxztsic aslthe pmsfsemdfeetlbaalnloldmcrr&ml rsubﬁysiemo@zl e gnd
of the heati ylinder) a first tor operahle to rotate the screw and a
second mtor%ﬁgPHBP@:taoc%@@aF%o thesso WGQBIS@H@']Q%ﬁﬁtwal"'oairi‘%s%‘?oridne
screw, the Cs%ir‘égle'redz,%@péécﬂn'agéorﬂgéhéa%r et RHE s‘e‘&gﬁé' Slyitdr %Wﬂ,‘)ﬁ%r -
control the speed of rotation of t screw, a second output to sald second
nmot or to corsecohd nh@opdeven 3 tid injéctioncyesve-atatng 11 hibel posiianuditedtior aXi s of
the screw, wherein said fir tput oytputs, a signal. havi a first val ue
to meter moldten ERaRa RS §ifpelabiBias he stER g PRta 0By et of | | ng
the rotationgpiyétem egrew in a first direction, and outputs a signal having
a second value after the nolten resin has been netered to the nozzle end of
the heating cylindw descoptien ovillt poceedatd owesitiarh&f sitreewontiola systeatt i on

opposite the,fi.r irection. ,19.. A C ro 0, injecti i ng
nmachi ne, thé”‘i‘ﬂ[az%? ﬂhn’gﬁolé(;i r@}%'@m W_gp})ﬁc{j{ﬁ%&ﬁé {9 ﬁ%aﬂl#g‘_%{g?ﬁ&ﬁ% to nelt
a resin powdfetdridgqiredéss in tAelnM@or-taseminj@ctRM Rvlding RRRathd. N Dlrhgwat | ng
cylinder to feed the nolten resin to a nozzle end of the heating_cylinder,
a first not dlaslrizationeandmeeringe:riatesscineirahand thesesrndidviehaspdYebl e to
move the screy iSivg dansit infl Bda@xhs istiaey $E7ERY 51 MensOR! Bl Kefew
conprising: a tirst subtractor, having a desired pressure val ue

repr esent i ngrofatibesspest gorssandc indficative ofotheescrewsiatatiin speedcprineamhd of

t he heating @/llin er _as_an, |

act ual - pr oostALe i3 ABPRBA toRE Ststnald® e 25 BURR N EHT auiRh S Rgs "0 °"
Gbsirea pr ostl o6 Ak AR SRR AT cuCdpBitbning oy o HhSMRE LY £ 55 o

out put of sagwhdiietib tiselbeedR Motorcdrivee DItRG YA tHe Bebbhd s@itch SW2 fdsrtht
subtractor to control the second notor during a period when the nolten

resin i s net8@ENILUAINGEIRMENEnd of the heating cylinder, and connecting

sai d out put of saj i T d t C : i r r the
10 June 2002 23 pté’ﬂld%tj tﬁ%eﬁ‘%@é%ﬁé%n&reeg?fr?q@b %TE%eeér eéfﬁ%nowéfg Cn(g{zﬂzq?e end
of the heati sgbsygtemden. c20iesThet cotationl speedfcontral mflthe fsgravireotation

conprising: a cq n tting section outputting said desired.pressure
Vel e, “wher chr VBB R By s B iaThe St shEfion Pesd smieend B REES ¢
val ue after {fiesdiewi rothtishespeelcomthhfd vaRR M, {oStheHlrsr metdrrivBe29 eralighend
of the heating cylinder so that the first subtractor has an output to said

first notor Wy fifst ewitereSWhasdise kst betuatingtocommand di nesdditien, the pradseiré o t he
direction the screw rotates during the period when the nolten resin is

metered to tfRedbask|leoBreprirol tsybsyeam &@iriesgekt pressure control of the
injection servomotor 11 by supplying the first subtraction result signal indicative

of the pressure difference between pressure command value P, and the
pressure detected value Py to the second motor driver 30 through the first

compensator 46 and the second switch SW2 as the second actuating
command.

It will be now assumed that the plasticization and metering process in
the motor-driven injection molding machine comes to an end. In this event,
the first and the second switches SW1 and SW2 are switched from the state
as illustrated in Fig. 5. That is, the first compensated signal is supplied to the
first motor driver 29 through the first switch SW1 as the first actuating



a command setting section having an output of a desired screw speed

rotati on command, an output of the desired pressure of the nolten resin at
the nozzl e end of the cylinder, and an output of a desired |ongitudinal
position of the screw, and a second subtractor, having an inp of f(%d
desired | ongitudinal position of the screw, an input of the a ‘U’éﬂ 2

| ongi tudi nal position of the screw and ad4out put of a difference between
the desired |ongitudinal position and the actual |ongitudinal position,
wher ei n sai d ssemmoand.nclnuadditién,rtbe secdnd exoompkersated Bignal dusippliedntoi thiet i al
metering period, said first switch connects said out f t desi red
sor ew speed r aEEPI P CHNT of0 feUBRNEE Sef i sEE 02 ab e iereh
connects sai d gudtig emaning. f FuRhemidre! B @mirandaRittiry) sédRnSEr SivduEss,or |
after the initial metering period, said first switch connects said _out put

of the first sAfbtiNgctRIES$Wec IAMMBANENEA f PFRASUIDT 6PMARANG aindicativend®f s t ch
connects said Qé'éur&fatiﬁﬁ“tgrg%%gm S QA s Host P B#esEEFe @%ﬂ%dm“ or:
I'on ol di'ng ‘machi I'NgY a hea

21. A notor-driVen 1njec ne conpris i'ng cylinder
for heating regj WeBha e Fimit Ot hiSSt er into nolten
resin, a scr e\;e\\/%d(imesgoseﬁﬁgnﬁgg%ﬂﬂg%{ﬁ%ﬁ%w(%éﬁb@gr& eeding the nolten

resin in said heatipgdéy!thgdelrchfswncest Shaeprissufe B_Ubgsk I ®9bn coftrol
creating back pressure in the nolten resin, 10 June 2002 24 a

screw rot at i orSuhsysten C@r carpes aut pesputshopnteel af dhe arevestatativn serviosiaien ng

drtving oo d- o2 B3R e B8 pRA0EHRS cSflptartd dhe st uidclint eE,
metered in saisighgldhdicatiey bf thdqiressurealiffereacée ibettvedmtherdepreysurizdtion tavgesai d

screwrotation, a second notor driver driving said injection, a |oad cell
for detecting Y3uedhcrngrthgiesswe datecta) vaive Risita the Tissl mokeradiiveg 29

i nd t d . det ected sj |, . i det ect f
detecting a polyeuathet sk pemaensaior 46 rgdfiedirst S SV b addiiers ihral
and a control | Sésifi&mééﬂb'a'cﬂ%oryafbﬁtﬁ?BQP%}S&%@ é@%aﬁfe%soiﬂrp%sﬁi%h%tnﬁ@l &f @gal

and the position detected sig (Y said screwrotation servonotor
and of sai d i njneticorsesesmotont!drboy supplyimg,fastbe secdnd ectuadingwommand tbes by

supplying said_firs aid_secand motor.drivers wi.th first and, second
servating comerehr s EfadBh Sef e RRRTRERIV bl B Rl A T s e S oans,
connected to sgiedsdrewhozttidn cdrmah@halue'8, 88d thes SEreW pasitiorf détettedi vated i on
during a plasticization and netering process and then, in response to the

pressure det ecBggltcsthgrsscondanatos drieev 30hthirdieg o fiyeose doaddiontuetrisatorty? sngbiieyi ng
a first actuating command to said first notor driver on and i medi ately
after conpl eti 8BCYTd $WlcHBEM¥R.i ci zati on and metering process, thereby

ahoad of sal d scr ew &N e ePalihaRstor 168 oBtndiq sl <5ifen A8 FRIEHC
detector, for pobiractensngtheifinstraosmsarsatdree, FadihsifirdtewitdatSwt edreepash,

said screw at a netering position by supplying the second actuati ng conmand
to said second 8% raaipe argANaeNe trfﬁéd&&%/‘@gy‘naﬁhleerrespﬁﬁs%é%'l’%tﬂr%ﬁﬁ%? t he

8 51 er SELEAEPREFA 5068890 e TPl AR KLl R o
actuating command to the first motor driver 29 on and immediately after the
completion of the plasticization and metering process to carry out
depressurization of the molten resin in the heating cylinder 21 that is metered
ahead of the screw 20. In addition, a combination of the command setting
section 40, the second subtracter 42, the second compensator 47, and the
second switch SW2 acts as a positioning arrangement for positioning, in
response to the position detected signal, the screw 20 at a metering position
by supplying the second actuating command to the second motor driver 30 on
and immediately after the completion of the plasticization and metering

process.



25 pressure setting neans for producing a pressure command indicative of a
depressurization target value on and i medi ately after the conpl eti on of
the plasticization and netering process; a subtrzcter, connected to said
pressure setting neans and said load cell, for subtracting tgf ﬂresaare
detected val ue indicated by the pressure tected signal fro Q fune 2002
depressurization target value indicated by the pressure conmand to pr.oduce

Sept oot Lo, £ bRk 5 s e rd AR
compensat or,  caRnfiéthd froatel HMALIEAEI B0l SenATRENSA BenidlRebiict | on

result signal to pro e a conpensated signal; and supplying neans
connect ed to dsis obiinesstsew votatinn speed chmmandmwalme Ny tovcarry dutra sw@pgring ng
said first notor driver with the conpensated signal as the first actuating

comand on anopfithﬁmlbﬁnew@rmncbvh_etinj@ctilgmrpeétqm%ﬂ1tis1@orﬁir@{;b@i@1 therhasis and
Said rotati ng aneessipr AfbeErls ARV BR AR nthel gl Al e
pressur € Commé}@sé‘fl 2 ddieen Wudp & ﬁ%ﬁ%@h?é&ﬁm dfdhgBhck 3 re! og'ﬂ?’e

i mredi ately affter e conpletion astircization and neterin

process; a subheRGE8moleP YR8 iRdhé Rebfing cPiRRETYME IRhéh I PRANGzAMh 8ad d
| oad cell, for subtracting the pressure detected value indicated by the

pressure det ecmeteriiggpracess eompletes épe e andZhe isenond pyichasbVié! pndiSdRed

by the pressurge cornx to prod Subtr i resul t_signal, indi. ive
of a pressure %’ﬁ&?@‘%é%@?ﬂ%éﬁ%ﬁg '@ngaé%ﬁﬂ F%ats'ro stadfégsgqq,{}mﬁcgs@% t he
pressure det ecfeedbuak lsop BotpsIRRIBEAStEM CIOPESItit®s thed serRWlpssitibn 3ot & to f or
conpensating the subtraction result signal to produce a conpensated signal;

a linmter, conlPéatesymalerdng nogitioneiveatyherssrewingsttionFonaand ¥akiesar @

i | ; d l v , ted t id. limter. and id first t
drfver . Tor suBt YRR eEL et bfed dif e AASHEZAIGH 0 RO as
the first actupidceds. A thE ottrhadd08n %mﬂﬂteﬂ\ﬁgﬁémw;ﬂéﬂorﬁéﬁﬁé the

conpl etion of the plasticization and netering process. 24. The injection
mol di ng machi nplasticizatiormand, matesing precass, rtoe apreagunge faesibaskpope esantrol

fepr ossur zat | SiPURTRCERios Re e RE ERI R ATER oG R v dfe Mad
the plasticizagpspgahd dﬂé‘?ﬁiﬁb@‘%h@b%@?és%}uriﬁaﬁ%ﬁ{é@ﬁéte*??d( H*tgte% RS WAt 1 g
i nput term nal supplied w he pressure conmand signal and an inverting

i nput term nal treupgdtingdcyhindér 2 hengleresisaheadiet thet ssew i2§nta) makiigthe sepew at or

conparing the essure detected val ue indicated t he pressure detected
i gnal with e neOaae Syl cHRoRln dtarlid MissRaRss B e athy R RS PE 48!
comand to prO@‘f\ﬁe 'ﬁh@ﬁéﬁ%ﬁ'Whé@%Wmm%és'immeﬁ?pdsﬂe(lﬁre%tw@mbtﬂﬂﬁ
result between the depressurization target value and the pressure detected

val ue; and suppeprgsgurieation tacge vehiecsH,' givemcorltheocgrapiation otk slasticitatiant
notor driver, for supplying said first notor driver wwth the conparison
result signal asdtrhetefingprocessusigssghantimapressuradetectedetiiae Sy, after the
conpl etion of the plasticization and netering process. 25. The injection
mol di ng machi ne of &tigtiy speakinge recordig W thessantiohsygjemeiiustratedpn iFig SR,

Borew posit1 on S vareke ol PaBaRh el R in R bAR R, e
pl asti ci zati onjgniétereiined rig accoreance with the pressure difference between the
monitored pressure detected value Pf, and a predetermined value or the
depressurization target value P,'. In addition, the control system iflustrated
in Fig. 5 makes the screw 20 rotate in the opposite direction until the monitored

pressure detected value Py is equal to the depressurization target value Py

In addition, the rotation speed of the screw-rotation servomotor 24 in
the opposite direction may preferably be restricted to the upper limit which is
preliminarily set. This is because, if the rotation speed of the screw-rotation



a subtracter, connected to said position setting neans and said position
detector, for subtracting the screw position detected val ue indicated by
the position detected signal fromthe screw position command val ue

i ndi cated by the position command to produce a subtraction re ult Sé

i ndi cative of a position difference betmqgn t he screm1p05|t|o

val ue and the screw position detected val a conpensator, connected to
said subtracter, for cgnpensating the subtraction result signal to pr oduce

a conpensat ed senvqmaotor A ds toolbigh the depessurizalippis laedaraean g UrteANEE. &4 t 0
sai d Comensaﬁlﬂ{%ﬁ{fﬁwﬁ’“@ &lﬁﬁ:‘ﬁ”l‘ﬂg”?&r@w 1% rytafes rPfhéUQB&éﬁté’@wé@ﬁd?\ on

nmot or driver e conpensat ed signal as the second" actuating co nd on
and i medi at elpyefefaigly behrestricted tettherupper timé wzmalsﬂs alsa preloninarity saét eThisg

26. A t d | di heat
i eeer for Remgomts sekalsomutinen i R padatia of RE Todred Bitaa s e
nol ten resin, vﬂtfﬁﬁ(ﬁé"hé’étﬁ@éﬁﬂdbf‘ﬁ@b@ré&%@% 'C%gsééflby@ﬁ’@He&@ssﬁﬁ?ﬂldﬁ?’tﬁé"e

molten resin in said heating cylinder forward to neter e nolten resin to
creating back qheekyalve fing 20é (frig. 29 stopsstha, m@lt@treamfromfﬂomng%ckm@r

operatively c Q r at| L d,SCLew I.Ol‘l
servonot or opgﬁgtte?sg %‘?Cﬁﬁﬁgf’sﬁsﬁs '%g?%lﬁ% Elgl VI ga%ﬁr‘e @JF gong
an axi al di reCdf'sQ@hﬁ%p'eﬁhﬁﬁ% rﬁﬁﬁb@abhmeﬂ %é'tﬁaﬁ@b@rﬁt@@llér@%'s%rbﬂ@éd Agth
cylinder forward I rst motor driver drivi n? said screwrotation, a
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second rotor dr iigiter di8 {0 tle switeuti sipe @afi the, first icompenspiorf4g, e@esetay t he
kD e S © bR ot Bk BARER: inleAfb'iSAklERAn PHY! 619 Cub e W iR 2

pressure dete
first compensated signal from the first compensator 46, the limiter 48 limits the

first compensated signal to produce a limited signal. The limited signal is
supplied to input terminals of the first and the second switches SW1 and SW2.

At any rate, a combination of the command setting section 40, the first
subtracter 41, the first compensator 66, the limiter 48, and the first switch SW1
serves as a reverse rotating arrangement for rotating, in the response to the
pressure detected signal, the screw 20 in the opposite direction by supplying
the first actuating command to the first motor driver 29 on and immediately
after the completion of the plasticization and metering process to carry out
depressurization of the molten resin in the heating cylinder 21 that is metered
ahead of the screw 20.

In the manner as described above, according to the first and the second
embodiments of this embodiment, it is possible to control the back pressure
of the molten resin within the heating cylinder 21, particularly, the back
pressure of the metered molten resin within the heating cylinder 21 at a
constant with the position of the screw 20 maintained to the metering position

designated by the screw position command value S; on and immediately after

the completion of the plasticization and metering process.

Referring to Fig. 7, description will proceed to a control system for the
screw-rotation servomotor 24 and the injection servomotor 11 in the motor-
driven injection molding machine according to a third embodiment of the
present invention. The illustrated control system is similar in structure and



a position detector for detecting a position of said screw to produce a
position detected signal, and a controller controlling, in response to the
pressure detected signal and the position detected signal, driving of said
screwrotation servonotor and of said injection servonotor th@ﬁﬁﬂh %éﬁft
and second notor drivers by supplying said first and said sec
drivers with first and second actuating d nmmands, respectively, said,
controller including a conmmand setting section_for g%gducinq a scre

u B

rotation spee®PESHIRANG RACEHP! S¥Stem Husleated, ? St SrFeph il %ﬁﬁﬁﬁﬁ'\‘v‘?fal ue)
a pressure COMRRsHifidd inoRd A iﬂﬂst?at@&‘?ﬁ%g%%"ﬂ?ﬂf‘%é‘@gé‘goawﬁe@eir.Sqfh%W

position command 1 ndicative of a screw poSition comran ; first
subtracter) caontrotledsttbereéore depictadds28B.i riipradbe tpiugposenof Smipdification afel |

for subtracting the, pressure detecte al ue_ indi cated 28 10 June 2002 b
the pressure CBSCEPUAN. SN PATAIG ataches it e same ieferen GRS RRP S ANGd by

the pressure Cdé@éﬁﬁﬁoﬁ ﬂler?émg%?niﬁe(ﬁ.i rst subtraction result signal

i ndicative of a pressure difference between the pressure conmand val ue and
t he pressure det ectBie ¢aitindler 26Biis simitasp stisaiuo and opeeationdotibe santioliarr st

subtracter, f 0 nsat i-n he first,subtracti result signal to .produce
2 'firet compertaiUarargiaric 2 Seshina i Paafdler 22e ftotses £ 8paTtbimand
setting nmeans gmp §iaté oP8TohiMmatiit SIAhe firstfsubtrablel vacdndetihet SohhSdnmsator
position detected value indicated by the position detected signal fromthe

scr ewdposibt i orA&ontheomanrtalon #@ingatacaenipvertieg [ﬂwtttﬁmi_nébm?dt%mbﬂ@duce a
betveen the schESPussdthatudiRlealile bt iaBtw Eoptandtuslle 5 BB &0 o

val ue; a secon t : i i | td: ;
compensat | ng.t HLEaEE G B ming el R o R SR G ol
conpensat ed siofntile peedsiurestdededted hvaleerfygct dihet comparbtoo#Saccmpetds e
means, said first conpensator, and said first notor driver, for selecting,
as a first selpessdrescgnaiandoyaiue Pt indicatady rthe areesure masameddwitid thend t he
first conpensated signal, said first switch supplying said first, notor
driver with thRreSSHE Q%@Pt%it &@ﬂugi%ﬁbaqnd%tQ%QthRgé’{mB Wa?ﬁ%@u%ﬁﬂnﬁg?o and

produce a comparison result signal indicative of a comparison result between
the pressure command value Py and the pressure detected value Psy. The
comparison result signal is supplied to the input terminais of the first and the
second switches SW1 and SW2. When the pressure detected value Py is
larger than the pressure command value Py, the comparator 48 produces, as
the comparison result signal, a signal having a logic low level. When the
pressure detected value Py, is smaller than the pressure command value Py,
the comparator 49 produces, as the comparison resuit signal, a signal having
a logic high level.

In the similar manner as described in conjunction with Fig. 5, on the
completion of the plasticization and metering process, the first and the second
switches SW1 and SW2 are switched from the state as illustrated in Fig. 7.

In addition, the command setting section 40 produces the pressure command
indicative of the depressurization target value P,'. Inasmuch as the
depressurization target value P, is smaller than the pressure detected value

Py, the comparator 49 produces, as the comparison result signal, the signal

having the logic low level which is supplied to the first motor driver 29 through
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R AG. Af R+ screw 20 in the opposite direction by supplying the first actuating command

to the first motor driver 29 on and immediately after the completion of the

of

plasticization and metering process to carry out depressurization of the molten
resin in the heating cylinder 21 that is metered ahead of the screw 20.

It so emphasized that the above preferred embodiments are merely
detailed examples of the invention. While this invention has thus far been
described in conjunction with preferred embodiments thereof, it will now be
readily possible for those skilled in the art to put this invention into practice in
various manners other than the specific details disclosed with respect to these
preferred embodiments. For example, the qontroller may be embodied in a
microcomputer which simply changes the subroutines for controlling the
rotation of the screw.
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2. The method of claim 1, wherein

step (¢) includes rotating the screw in the direction opposite the first
direction in response to a pressure of the molten resin at the nozzle end of the
heating cylinder.

3. The method of claim 2, wherein

step (c) further includes rotating the screw in the direction opposite the
first direction to achieve a desired pressure of the molten resin at the nozzle
end of the heating cylinder.

4, The method of claim 2, wherein
step (b) includes rotating the screw at a constant speed in the first
direction. |

5. The method of claim 4, further comprising:
(d)  during step (b), adjusting the position of the screw along a

longitudinal axis of the screw.
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step (d) includes adjusting the position of the screw along the
longitudinal axis of the screw in response to a pressure of the molten resin at
the nozzie end of the heating cylinder.

7. The method of claim 6, wherein

step (d) includes controlling the pressure of the moiten resin at the
nozzle end of the heating cylinder by adjusting the position of the screw along
the longitudinal axis of the screw.

8. The method of claim 7, further comprising:

(e)  during step (c), controlling the position of the screw along the
longitudinal axis of the screw to achieve a desired position.

9. The method of claim 2, further comprising:

(d)  during step (b), adjusting the position of the screw along the
longitudinal axis of the screw in response to a pressure of the molten resin at
the nozzle end of the heating cylinder.

10. The method of claim 9, wherein
step (d) includes controlling the pressure of the molten resin at the

nozzle end of the heating cylinder by adjusting the position of the screw along
the longitudinal axis of the screw.

11.  The method of claim 10, wherein

step (d) includes adjusting the position of the screw along the
longitudinal axis of the screw to achieve a desired pressure of the molten resin
at the nozzle end of the heating cylinder, where the desired pressure at the
end of step (b) is a first desired pressure; and

step (c) includes rotating the screw in the direction opposite the first
direction to achieve a second desired pressure of the molten resin at the
nozzle end of the heating cylinder; and
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12. The method of claim 9, wherein

step (d) includes controlling the position of the screw along the
longitudinal axis of the screw by comparing a desired pressure of the molten
resin at the nozzle end of the heating cylinder with an actual pressure of the
molten resin at the nozzle end of the heating cylinder, and

step (c) includes controlling the rotation of the screw in the direction
opposite the first direction by comparing a desired pressure of the molten resin
at the nozzle end of the heating cylinder with an actual pressure of the molten
resin at the nozzle end of the heating cylinder.

13.  The method of claim 2, further comprising:
(d)  during step (c), controlling the position of the screw along a
longitudinal axis of the screw to achieve a desired position.

14.  The method of claim 1, further comprising:

(d)  during step (¢), controlling the position of the screw along a
longitudinal axis of the screw to achieve a desired position.

15.  The method of claim 14, further comprising:

(e)  during step (b), controlling a pressure of the molten resin at the
nozzle end of the heating cylinder by adjusting the position of the screw along
a longitudinal axis of the screw.

16.  The method of claim 1, wherein step (c) includes rotating the
screw in the heating cylinder in the direction opposite the first direction for a
maximum period of time.

17.  The method of claim 1, wherein steps (b) and (c) rotate the
screw at a speed up to a predetermined maximum speed,
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18. A controller for an injection molding machine, the injection

molding machine including a heating cylinder to melt a resin powder to create
a molten resin, a screw disposed in the heating cylinder to feed the moiten
resin to a nozzle end of the heating cylinder, a first motor operable to rotate
the screw and a second motor operable to move the screw in a longitudinal
axis of the screw, the controller comprising:

a first output to said first motor to control the speed of rotation of the
screw,

a second output to said second motor to control the position of the
screw along the longitudinal axis of the screw; wherein

said first output outputs a signal having a first value to meter molten
resin the nozzle end of the heating cylinder by controlling the rotation of the
screw in a first direction, and outputs a signal having a second value after the
molten resin has been metered to the nozzle end of the heating cylinder to

control the rotation of the screw in a direction opposite the first direction.

19. A controller for an injection molding machine, the injection
molding machine including a heating cylinder to melt a resin powder to create
a molten resin, a screw disposed in the heating cylinder to feed the moilten
resin to a nozzle end of the heating cylinder, a first motor operable to rotate
the screw and a second motor operable to move the screw in a longitudinal
axis of the screw, the controller comprising:

a first subtractor, having a desired pressure value representing a
desired pressure of the molten resin at the nozzle end of the heating cylinder
as an input, an actual pressure value representing an actual pressure of the
molten resin at the nozzle end of the heating cylinder as an input, and having
an output of a difference between the desired pressure and the actual
pressure; and

a switch connected to said output of said first subtractor, connecting
said output of said first subtractor to control the second motor during a period
when the molten resin is metered to the nozzle end of the heating cylinder, and
connecting said output of said first subtractor to control the first motor after the
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cylinder.

20.  The controller of claim 19, further comprising:

a command setting section outputting said desired pressure value,
wherein the command setting section lowers the desired pressure value after
the period when the molten resin is metered to the nozzle end of the heating
cylinder so that the first subtractor has an output to said first motor which
causes the screw to rotate in a direction opposite to the direction the screw
rotates during the period when the molten resin is metered to the nozzie end
of the heating cylinder.

a command setting section having an output of a desired screw speed
rotation command, an output of the desired pressure of the molten resin at the
nozzle end of the cylinder, and an output of a desired longitudinal position of
the screw; and

a second subtractor, having an input of said desired longitudinal
position of the screw, an input of the actual longitudinal position of the screw
and an output of a difference between the desired longitudinal position and the
actual longitudinal position, wherein

said switch includes first and second switches, during an initial metering
period, said first switch connects said output of the desired screw speed
rotation to control the first motor and said second switch connects said output
of said first subtractor to control the second motor, after the initial metering
period, said first switch connects said output of the first subtractor to control
the first motor and said second switch connects said output of said second
subtractor to control the second motor.

21. A motor-driven injection molding machine comprising:

a heating cylinder for heating resin powder therein to melt the resin
powder into molten resin,

a screw disposed in said heating cylinder for feeding the molten resin
in said heating cylinder forward to meter the molten resin to creating back
pressure in the molten resin,
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rotating said screw,

an injection servomotor operatively coupled to said screw for driving
said screw along an axial direction to inject the molten resin metered in said
heating cylinder forward,

a first motor driver driving said screw-rotation,

a second motor driver driving said injection,

a load cell for detecting the back pressure of the molten resin in said
heating cylinder to produce a pressure detected signal,

a position detector for detecting a position of said screw to produce a
position detected signal, and

a controller controlling, in response to the pressure detected signal and
the position detected signal, driving of said screw-rotation servomotor and of
said injection servomotor through first and second motor drivers by supplying
said first and said second motor drivers with first and second actuating
commands, respectively, said controller including

rotating means, connected to said load cell, for rotating said

screw in a first direction during a plasticization and metering process

and then, in response to the pressure detected signal, said screw in the

opposite direction by supplying a first actuating command to said first

motor driver on and immediately after completion of the plasticization

and metering process, thereby depressurizing the molten resin in said

heating cylinder that is metered ahead of said screw; and

positioning means, connected to said position detector, for

positioning, in response to the position detected signal, said screw at
a metering position by supplying the second actuating command to said

second motor driver on and immediately after the completion of the

plasticization and metering process.

22. The injection molding machine of claim 21, wherein said

rotating means comprises:

0
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the plasticization and metering process;

a subtracter, connected to said pressure setting means and said load
cell, for subtracting the pressure detected value indicated by the pressure
detected signal from the depressurization target value indicated by the
pressure command to produce a subtraction result signal indicative of a
pressure difference between the depressurization target value and the
pressure detected value;

a compensator, connected to said subtracter, for compensating the
subtraction result signal to produce a compensated signal;, and

supplying means, connected to said compensator and said first motor
driver, for supplying said first motor driver with the compensated signal as the

first actuating command on and immediately after the completion of the
plasticization and metering process.

23.  The injection molding machine of claim 21, wherein said rotating
means comprises:

pressure setting means for producing a pressure command indicative
of a depressurization target value on and immediately after the completion of
the plasticization and metering process;

a subtracter, connected to said pressure setting means and said load
cell, for subtracting the pressure detected value indicated by the pressure
detected signal from the depressurization target value indicated by the
pressure command to produce a subtraction result signal indicative of a
pressure difference between the depressurization target value and the
pressure detected value;

a compensator, connected to said subtracter, for compensating the
subtraction result signal to produce a compensated signal;

a limiter, connected to said compensator, for limiting the compensated
signal; and

supplying means, connected to said limiter and said first motor driver,
for supplying said first motor driver with the limited signal as the first actuating
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metering process.

24.  The injection molding machine of claim 21, wherein said rotating
means comprises:

pressure setting means for producing a pressure command indicative
of a depressurization target value on and immediately after the completion of
the plasticization and metering process;

a comparator having a noninverting input terminal supplied with the
pressure command signal and an inverting input terminal supplied with the
pressure detected signal, said comparator comparing the pressure detected
value indicated by the pressure detected signal with the depressurization
target value indicated by the pressure command to produce a comparison
result signal indicative of a comparison result between the depressurization
target value and the pressure detected value; and

supplying means, connected to said comparator and said first motor
driver, for supplying said first motor driver with the comparison result signal as
the first actuating command on and immediately after the completion of the
plasticization and metering process.

25. The injection molding machine of claim 21, wherein said
positioning means comprises:

position setting means for producing a position command indicative of
a screw position command value on and immediately after the completion of
the plasticization and metering process;

a subtracter, connected to said position setting means and said position
detector, for subtracting the screw position detected value indicated by the
position detected signal from the screw position command value indicated by
the position command to produce a subtraction resuit signal indicative of a
position difference between the screw position command vailue and the screw
position detected value;

a compensator, connected to said subtracter, for compensating the
subtraction result signal to produce a compensated signal; and
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powder into molten resin,

a screw disposed in said heating cylinder for feeding the molten resin
in said heating cylinder forward to meter the molten resin to creating back
pressure in the molten resin,

a screw-rotation servomotor operatively coupled to said screw for
rotating said screw,

an injection servomotor operatively coupled to said screw for driving
said screw along an axial direction to inject the molten resin metered in said
heating cylinder forward,

a first motor driver driving said screw-rotation,

a second motor driver driving said injection,

a load cell for detecting the back pressure of the moiten resin in said
heating cylinder to produce a pressure detected signal,

a position detector for detecting a position of said screw to produce a
position detected signal, and

a controller controlling, in response to the pressure detected signal and
the position detected signal, driving of said screw-rotation servomotor and of
said injection servomotor through first and second motor drivers by supplying
said first and said second motor drivers with first and second actuating
commands, respectively, said controller including

a command setting section for producing a screw rotation speed

command indicative of a screw rotation speed command value, a

pressure command indicative of a pressure command value, and a

screw position command indicative of a screw position command value;

a first subtracter, connected to said command setting section
and said load cell, for subtracting the pressure detected value indicated
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by the pressure detected signal from the pressure command value

indicated by the pressure command to produce a first subtraction result

signal indicative of a pressure difference between the pressure

command value and the pressure detected value;

a first compensator, connected to said first subtracter, for
compensating the first subtraction result signal to produce a first
compensated signal;

a second subtracter, connected to said command setting means
and said position detector, for subtracting the screw position detected
value indicated by the position detected signal from the screw position
command value indicated by the position command to produce a
second subtraction result signal indicative of a position difference
between the screw position command value and the screw position
detected value;

a second compensator, connected to said second subtracter, for
compensating the second subtraction result signal to produce a second
compensated signal;

a first switch, connected to said command setting means, said
first compensator, and said first motor driver, for selecting, as a first
selected signal, one of the screw rotation speed command and the first
compensated signal, said first switch supplying said first motor driver
with the first selected signal as the first actuating ggrcnonr?gnd; and

a second switch, connected to said first and said/compensators
and said second motor driver, for selecting, as a second selected
signal, one of the first and the second compensated signais, said
second switch supplying said second motor driver with the second
selected signal as the second actuating command.

27. The injection molding machine of claim 26, wherein said
command setting section produces the pressure command indicative of a

depressurization target value on and immediately after completion of a
plasticization and metering process,
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selected signal during the plasticization and metering process, said first switch
producing the first compensated signal as the first selected signal on and
immediately after the completion of the plasticization and metering process,

said second switch producing the first compensated signal as the
second selected signal during the plasticization and metering process, said
second switch producing the second compensated signal as the second
selected signal on and immediately after the completion of the plasticization
and metering process. ' '

28.  The injection molding machine of claim 26, further comprising:
a limiter interposed between said first compensator and said second
switch, for limiting the first compensated signal.

29.  The injection molding machine of claim 26, further comprising:
a compensator, interposed between said subtracter and said second
switch, for compensating the second subtraction result signal.



