; noe3eur | V6TIM  METHOD FOR CONTROLLI NG DRI VE OF SCREW I N | NJECTI ON MOLDI NG
,MACHI NE BACKGROUND OF THE | NVENTION: Field of the Invention: The present

i nvention relates t n nol di ng machine and, nore particularly,

to an i nprovenent oa‘ mmmm\ ‘\or controlling drive of a scry S[vm h320
metering or dispensing progess. Description of the Related A arc 02

Mot or - dri ven nol di ng macf"f’ nes have incréasingly been used in recent-years

in which a servo notor is used as a substitute for a hydraulic actuator.
Oper ati ons aflTRECOFi THEINVENTION: ce using a servo notor are summari zed

bel ow. A scr ' ' t f ' '

ol ast cf zat | BAMRRRAGS CPPTERILRLBRVESE sohelf bileeTiod Makpivg
cylinder. AmagimiNgs fed froma hopper to a rear portion of the screwin

t he heating cylinder. Rotation of the screw nelts and advances the resin
and thus a certain netered amount of resin is fed to a nose portion of the
heating cyligde 15 screw is driven backward due to a
back pressurefof st MA808d in the nose portion of the
heating cyl 'F-'i@ﬁioftﬁ@ lh@%rﬁﬁ)tri on shaft is directly connected to the rear end
portion of the screw. e injection shaft is rotatably supported by a

pressure plate thFoaigheserdeaventipn ‘ateisrioean injectidrmmoldisgdnackinei and,he

axial direction w not or ectign t rted. on the
reasure ol dbgre PaEtsfRBCi EroRitevedbal 8 Brinkbc il ehleltBEACRL S5yl de
bars in respsew ih@ mbferp@e@rad,spgnm Peceser vo notor for injection through
a ball screw. The above-nenti oned bac pressure of the nolten resin is

det ect ed by [Hes¢Hptign afdae Ralatedfti s controlled with a control |oop, as
wi |l be described T he
ressure piate | SMaRTRaR bR cBites KR intitaRingl) beURED T fbent

i njection. Aews which @senfo mbiords used asra/ssbstisute for & hgdraulicfactdater. mol d

with the nol t8n resin
perations of such injection device using a servo motor are summarized

below.

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 heating cylinder.

An injection shaft is directly connected to the 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
controlled with a control loop, as will be described more in detail below.

Then, in a filling process, the pressure plate is advanced by means of
driving the servo motor for injection. A nose portion of the screw serves as
a piston to fill a mold with the molten resin.

T
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18 March 2002 2 The nolten resin fills the space within the cavity at the
.end of the filling process. At this point, the control node for the
advancing notion of the screwis switched froma velocity control node to a
pressure control node. This switching is referred to as a "Y %%Flﬁeﬁk%) - P
(Pressure) switching". Follow ng the V-P switching, the resi 'Chi e
cavity of the nold is allowed to coo! unger a predeterm ned pressure. This
process is referred to as a dwelling process. In this dwelling process, the

pressure of the reHemoes adin Oli$ &tk space WrRinaekavy bt e émppf B fillng he
above-nenti oned back pressure control. Then, the injection device returns

to the pl ast iPEPeeas. orfitieis MM gthereandeas madestor the adwansing matiosrofithe sei@w | i ng
process. On t st Ohi i Vi j ti is
carried out ?%?wﬁj&lﬂ%@ f'%gpg Vse(l) |ng %rng%'gﬁ%oeﬂfo gﬁﬁ?%%nﬁgt{ogﬂo}l%egl I-léemswi th
the pl asti ci aalitchingietreferred tprasca 5S¢ (Véloeity) -of ( Prgssusd)iswitchingdl ves in
opening the nold to renove t sol.id product . fromthe nold neansg .of an
ej ect or mechani sm%"@wﬂ%ﬁ‘ecp‘g:sﬁmidﬂ'ﬁg' ﬁ’(ﬂ @sprbyvutglﬁbth,eegqvﬁyfql??{m H@fﬂaﬁé will
be descri bed [ j ; i ee f r } e
meter i ng procuguerB 3Bl Bhder b RMel AL oL AN TR P BB B
speed at the dsegineiling prbcesse retkisidwgllingpodtess, theqreaswe aftteewesin isluri ng
t he course of the terin I articular,,it is necessar 0 yse a |inear
o quadr o { EROTDURE b8 Seevass il loarrasin theshalepentotes etk SreSshis
screw at the yggipnni ng of the netering process until the rotation speed

reaches a predetermned value N. To this end, the start-up operation should
be sl owed down untTher, the ijrationrdeyvitecretums tpitee plastisizationAngtesngipragass

prol ongs the tj u i efope r ' pr t ] lyu and,
in turn, pr olaéﬁgghgné%%(@?ﬁg&gyﬁ g%?elqlﬂ{dﬁjg’(ﬁé%e%h %?rﬁetﬁ% @tﬁ??&éﬂgp&'} of the
screw duri ng didmApimel devicy) 2 &)6eissperatisre iiicaraiddiout iy elettirga seld ptaugt se
depending on a stroke, that is, a position of the screw while considering a
resident ti mou$of theemoldinpargieliwt) hecplasticizatign/ingtertng praceshe TR 8i8%HN
speed is tro : I Lol i

becones neces ae?;éﬁ%'"?ﬁg’ﬁggﬁ gﬁgb@%&?gﬁﬁg@e&ohr% scrg\bv.g ﬁﬁgg}?%%ﬁ%ége3
SUMVARY COF ThiroldNMENEaOR offer ejeotor. machariigmcanadtharhelopingsthetmoldvienthen i s
to provide a ms,thf d for controlling drive of a screw that slows down the
initial rotat'P8R ﬁ'l’”gl-he screw at the beginning of the netering process

wi thout prol ongi ngad iR} bd BBs@RdOH of LA &tal bREIVPT LrotaRss pekd 6fthe screw
predeterm ned value N. It is another object of the present invention to

provi de a netihdbefoetesingt processds deisrained sushrivat the werewn reletes abihepeed

Pnventi on 1 < e eRed o B ket hBTnctRAG: AEcRiREe Rasol iR AE"

inj ection dedw@inghtheicourse of theimeteringt lropadisalarnit fsotedasegrystoasecavingar a
controller for contralling the driving unit. Accordi n(% to a first aspect of
the present iQhaadrigiunatiandoAlowowsear infialdsiaraypldgtatipnfithe gscigyeat the
controller a : Y, i ch C §iSe I dej LN
process. Thesoc%rﬁrt?rﬁhgl @*r w&%ﬁ?tgghﬁhgwﬁr%whgl gﬁeslrgg/#' %@cgpgercgtdg%%ﬁéi %nti I

t he rotati on prpdettroinddealse New Teethisend atheadtar-ubikoganbtioresindleg big)slowetder
that the contwler

an accel erati M”Wﬁs{a Irslp.g%@?g%ﬁ'?aﬁsﬁ Etégé%t(%%%g”aeyn‘%q‘é%RECV%@%SHQSSQ%S] res\z,avl 32
ot ati on spealatraith (ofreachiig e prodtreRe R ENandin . Pfo9se 1o
t he rotati on aEesdlding cycle.
fn addition, the rotation speed of the screw during the metering process

is required to be determined stepwise depending on a stroke, that is, a position

of the screw while considering a resident time of the resin. Having such

several values for the rotation speed is troublesome and bothering because

it should be done when it becomes necessary to change a diameter of the

screw.



In addition, the present invention is also applicable to an injection
.ol di ng machi ne conprising an injection device having a first driving unit
for use in rotating a screw, a second driving unit for use in noving the
screw in the axial direction via an injection shaft; a posi%hg&ng%&& or
for detecting a position of the screw, and a controller for e8I g the
first driving unit in accordance with & val ue indicative of the detected

position supplied fromthe position detector. According to a second aspect
of theI p;gﬁﬁﬂMAﬁi&EﬂﬂE_m&EﬂﬂﬂNat = h i I ';speeds Ns andee_ ar _enpr eget erm ned as
Fespectivel y. of TEIREYEra haBrLaLEE PTefe hya e SR BbVde A He g or

oper ati on Tc@nirﬁﬂiﬁ?ﬂﬁivét@ PEcte®ORbE Sbws RROWPthatihpRal FREesh of tHeherewrgw
t hroughout the neferi R}gtgrocess fromthe beginning to the end 18 March

2002 4 depdhgiibegiruring etraeiesingsposass Ngthand preloagina the taieubeliodi cati ve

of the det AW i by . i.tiyon detector. BRI EF

DESCRI PTI %@M@%ﬁ@nﬁgﬁr&g@%ﬁ%@%%@g Nflmder standi ng of the
present inventi dnis aedtbeeobpecs bbtthel presemdreventionhie propitiede dnelthadi fogs,
wherein: Fig schematic view of a nmotor-driven nolding machine which

. 1.1s a, A [
conpri ses &ﬁ”trﬁ]l'égtcﬁb’ﬁ ofc? iSeEeWi N WBIEIOtHIOD SRE-]FA0 $Crew; G be gebng 2B
are expl an b i : i configuration of a screwin Fig. 1;
Figs. 3A a%‘gg%dgp@a\gqéa%#%gﬁéptd&r%ggent ations illustrating a back pressure
of a screw and &heoprseot irmpeddndé appiicatde tatansmjedtiionhmokiingwachimet ated in
a nmetering process in.a conventional, m)tgr-.dri ve(r}om)l di &){[machi ne; Fi

. Fig. 4
i's a graphiCHIPTISd)E B MEGHGRAEYFE A3V HGA FEHNE MEEJOBNSE I RWIGE SRR t he
screw is r%tn@té‘@oﬁt'ﬂolférrfsi;%ﬁt%liﬁ@@e&%inq"ﬂhﬁh is for use in describing how
to control drive of the screw according To a first enbodi ment of the :
present inventi dcoatidgrd @ first aspest gf thehpresent ispeetiemtaatatativro$peed Nt at i on

Teh T TS S B A A A B RS
L0 2 Seconh aTherRrovksd TS EAIl eI o sk ot o o sechteich, o

conpri ses dn vhjjidbeiretatiga\sreeddsidhaseevpieashess )?f@w@rhi& (wherethe< Nir pose of

Laci litatin ffe'?%é’tqggrcﬁb?rﬂﬁé%r%? BpFa %ﬁﬁ?ﬁépérﬁﬁ&r‘? :% PcElateTt'HE dcb &t i on
evice rotates a Scréw by neans of transmifting a rotatlon notion of the
servo not oran ataelerationdd untilthe notatiomepéed obtid swewaeaanes thervglue Np Fig. 1,

Lt 190 OSSR Mt e BRI A A o

retracted igpee@NMONKEéfhdd St 4 Preietérthiféd tBRalpaatio 3CFHlive%o thEfofatigRSUT €
plate 14 is novable al ong guide bars 15 and 16 fixed to a base franme (not

shown). ThepegdN.and forth nmovenent of the pressure plate 14 is transnitted
In addition, the present invention is also applicable to an injection

molding machine comprising an injection device having a first driving unit for
use in rotating a screw; a second driving unit for use in moving the screw in
the axial direction via an injection shaft, a position detector for detecting a
position of the screw; and a controller for controlling the first driving unit in
accordance with a value indicative of the detected position supplied from the
position detector. |
According to a second aspect of the present invention, rotation speeds

Ns and Ne are predetermined as set values at which the screw is rotated at
the beginning and end, respectively, of a metering process. The controiler
carries out an operation to interpolate and control the rotation speed of the
screw throughout the metering process from the beginning to the end



18 March 2002 5 to a screw 20 via a bearing 17, a load cell 18) and an
_injection shaft 19. The screw 20 is positioned within a heating cylinder 21
such that it is rotatable and novable in the axial direction. The heating
cylinder 21 corresponding to the rear portion of the screw i,S pr.ovided
with a hopper 22 for feeding a resin. The rotation notion oﬁ%aMarCR zcbdz
screwrotation servo notor 24 is transnftted to the injection shaft- 19 via

a coupling nmenber 23 conprised of, for exanple, a belt and a pulley. In
ot her wor ds depredingr@wtheorotation speeds Ms eaduNe anddhe valve indisetive of theaft 19

ol asti ci zat (oISIER 8B R S BELEL R bl eBFFLARERE S ored i n i he heati ng
cylinder 21 BRIEFBESORIPTION® PR & is, on the side of a nozzle

21-1 when the screw 20 goes backward Whi le rotating in the heating cylinder
21. The nol ten rd&Lira mare complete unterstanding 20 thesprasent nvientian.ireferene® d and

21 A for co SBUIRe AR GinREBRRLALcltFoBE LB Mete 1 ona ol | T8 ks A
reaction force, IRgE! is adcAeRREYew B1e BRtSCRDRONNG tachineid ed by a

| oad cell amplifier 25 and is then supplied to a controller 26. A position
det ect or 27 CPEMISES EfeBjachon Kleviseckbgnavigh 8is€MAer; det ecti ng an anount of

novenent of the ' ' £ . it l.0n: de tor 27
S ampl i 1 ed by S f77 oF I8 SRRy IRve i8R BB R o1 26
The control Iserevefn Bigppt i es a current (torque) command to servo anplifiers
29 and 30 depending on the above-nentjoned Erocesses for each of the val ues

set by an oper at ¢79S.- TPR aRG A8 @Iﬁwgrep@ﬁabge_@ﬁﬁmﬁ@naﬂ BAfHING AP of the
Servo Mt or otdsdifeBraNSerRM SN Ahdiichsdedt bY brererdiSMich the SBRw Y VO
notor 11. The servo anplifier 30 controls a rotation speed of the

screw r ot at irotatedkinva mateng phdegs e arconyéntiomal modtior-dgven drdldinggnachinent f or
the screwrotati %n Sﬂ;\t’o not or '24. The i@ec%i onwi.ervo mtor 11 and, the
screwotation serv® ﬁygrﬁﬂh'ﬁﬁereﬁf‘_?ﬁﬁ“a% WPtA e lgaeﬁp;_eglo Ahgerew at
respecti vel yhi¢Rthel6dreGiis Metafed Pt RkictéYifd’ BRfbesS NRhichligfdrAkeSIRRRA cHBIhgCt ed
by the encoders 31 and 32 are supplied to the controller 26. In particular,
the rotati ofmogpiecebrien] dove of the serewaansonding 3o aifiysiembodisierdof dherprasest a
rotation sp(?ﬁ\% Qif nt?gdscrew 20. 18 March 2002 6 It is noted that the
configuration N'P0s87 %t ed in Fig. 1 is for the sake of sinplicity and
conv](cani ence. iA spmg.i!oiis:acgwfblhigalr@bra(”jemétidmef bnbtﬂtibhwp@dvéf]@sb&vﬁescri bed
in, for exanple, Japanese Patent Lajd- n.No. 9-174626. Referring, to Figs.
2 and 2, MUCHAREIRCHOY: 8 LR Bethe FIGIBNES Propesse GhichAS (ORASSaibw 20°) s
foamed of f‘?férscﬁl?iﬁzﬁg'_ ABW t& ESAFbISEHd T Ak lscréwCQEBcSr%anj Q9 5eséédy 20-2, a

metering section 3, and a head section 20-4. The fe section 20-1 is

for feedi ngemizodimenhof therprekentiopenrtior22 (Fig. 1) ahead a solid state or a
. . f o J aisa

partially ENG%J; mﬁégk S increased to around a

nmol ten poin his, the feed section

20-1 typically h - vp m{ﬁr f. : i 23} i ;

const ant di anet e?@eaf?gﬁgjtpﬂﬁl g’%gt t er?titg? ogﬁgg%tggggvﬁﬁellrﬁ%% grgy\'/%gi n the
peri pheral soadhice is Heseridfed fhat compirisepant infdoliongigyide eperatechby Isenfoeed
section 20-1 to the conpression ction 2Q;:2 are spaced a fromeach
other . Ther SFOBES. B iBFL BirERs! & (e UALnG dher aderdfiraits RYbe P BoRAC “an
appr oxi mat eliyyeiioh. t TheViRjeltiBn @bvicBaot16s 2 LReRTS MRkhs ¥ trahBMitGAGTY €ssi on
section 20-2 is for reducing the space through which the resin is allowed
to pass, i nretadien metiorafthepens moter intsda deaarkmotiae thronps ackall swewandeyved
by nmeans of t@@eri ng the rod-shaped nenber 20 at the position correspondi ng
to the c_orrprae fon section 20-2 to nmake the helical groove shallow The
conpressi on sect i|gIFig0r, 201288R0f 9A8SKjetlicén BB ofo?SliNs tRRBAIMERP A ball
exothermc effect caused by friction, and increases the pressure of the
resin to puseredR. t Renit3 isixed do Reuessiyredyiatentresuchithat Kadveneesi@aedand a

vol atile ga i i i (o) i nat i resinto
he hopper 32 eSS T FHAASBIE e bGRST.S1 (FRBAIEEN 12, ShelPrekbfie,
heating cyl iptater1£k mavabletdiendigalrsbalset®landmg tiged rantesei faame€adt on
20-2. The rod-shaped nenber 20" has the Iar?est di aneter in.the region

cor r espondi $GOVE) + hEhebaek g fedl Mmaysmaintof the,aressues piate 443 irapsmtted has

t he shal | owest helical groove fornmed in the rod-shaped nenber 20'. The
resin is subjected to a |l arge shearing force in the netering section 20-3
and heated to a uniformtenperature with an internal exothermc reaction. A
certain amount of resin is then fed towards the nozzle side in the heating
cylinder 21. 18 March 2002 7 The feeding of the nolten resin fromthe
metering section 20-3 to the nozzle side is performed through a check-val ve

NN - . e A N NN - o
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After the conpletion of the netering process, the check-valve ring 20-5
noves to the right side in the figure because of a pressure difference. As
aresult; the resinis prevented fromflow ng back away fromthe nozzle
side to the netering section 20-3. The head section 20-4 is é)éﬁl C l?lé%)Z
formed separately fromthe rod-shaped nenber 20'. The head Q 4 has
a mle thread forned in the root porti&n thereof. The rod-shaped nenber 20
has a female thread fornmed in an end thereof. The head section 20-4 is
coupl ed t o to eresared-Zlhepedbearinget7 mioddycetbwartdfarehge@mtgshafbwral ‘Ehe hr ead
forrredintheh dseCJon 20- V\nththe thre i.n_t rdsaped
rorber 20 SSRN 2013 PORNONEHMITURE SRt B Her FESHER A als Faigtarde a7

si gnifi cantﬁwva&rr@hrk e éilaFHnPéE%ﬁr trh@daifgcfinédapPdoBgRediRd to m@ef erring
now to Figs. 3A and 3B, how to determne the’rotation speed of"the screwin
the neteri mgapp@rdl@wﬁtbeaemw 20 dsipravided ®ith shiveppet Z%Mﬁeergngasreslrbn t hat

is) a scre 0 rel.at r On the
ot%er handwﬁ% %téng}%% qr?&ﬁ%ﬂ'&@éﬁﬁ%é“& 'ﬁﬁf&rﬁ‘r B t&%ﬁ%ﬂ' 8q§/t?%t ation
speed of thmeéﬁdsmha@qgmfa%upﬁﬁgms&meoﬁ@ms@ﬂ of farekample, a heéltr - st age
setting operation. Am the four stages of the setting, the forner three

stages ar e aggnephliey dgmherdN@wathez&creWeZQ epesasa el thabthedsjestiopn

t hese thre ar tered in

conbi nat i o%h%lhaﬁ‘f‘% rPLEPg)t tﬁ“&% JB(EQH atsi%tcg\?llcg g’pdetér 'nd a | ow back
pressure in the |hog wstnb&bfno@ﬁmétbﬁn@q:ﬂtbcm caykncm@arre%m idetored it ke cour se
of the nmetering) the residence tine for the resin is increased. The

rotation s6@@@”95‘3)’8@@?%%1%échieH“Q?C’s‘?féBW%ée‘Mﬁﬁnmat|‘5n ortherside of aspease t he
T5l nor ons ] T HfHerf S sche 28 dRbackkatl Wil foB Mihe Realifiy BRtueh! PO T

t he accur ad.ofThehmaitenenesih wafromt ufstimt mreWn%O hm@\emfmeﬁ af atreld ahdi ng

Mo f tati d back
b essure varessdpecdaf Madiss Byadvins il hesfie an B hestnd g¥iidbsR 2002 6
screw at thefqregidcting ubWﬁ 196 rédin @@d@ﬂeb{ed@} ﬂfe'sloéb%ll 1<Bf as B@e@éﬂﬂh‘ fokdedn
point of the netering, and al so avoid | ow of the resin. a parent

from t he abw@meelyt Iﬁepfﬁsﬁaﬁ onT@@@@e@edtmess@rﬁew 2a0alified hiey I@eiQﬁd 68!l process

is the hig and is decreased stepw se
thereafter Qﬁ%wlﬂ‘%tr zﬁs@oﬁg‘%ﬁgggp@# %gﬁ‘gﬁ r8 %@SCI‘ ew 20 receives a |large

|l oad at the begiApositionidetdwor Y & atvachedd tolthe peessuré Platéuifondetectiag! oad
may damage the threaded portion of the head section 20-4. The check-valve

ring 20-5 ia) ameest of movement ot thiersrrewe2d. nrfepelrstion sianahEorete RRFIUSN | nder
21. Becaus , he
ot att on of TRACEZY is PEIRES BY ofa ipfifer e afP KNS SPRISER, Y Qhiiiet 10
that the r<ﬁ6at|Hiheo¢ontrcﬂle5c2&vsmpheauae@reentoﬁarquee)acwmmadldetm came

f b 20- d i |
hont 1 no corATGEIRrS 28, A0 S e BeuTinblatne HatndiabiShed BRrelSes trPeaklS: | ne
resin. Wthyfrgs Qﬁﬁiestéétvo‘?'a?n oﬁeﬂa‘té‘rea"l’h@rséW@@himlfléﬂﬁgtdoﬂf‘rolssaﬁléﬁfbu‘t o sl ow

down an initial (start-up) rotation of the screw at begi nni ng of the
netering prtowsiesofitbe ssr\mmé@re‘rhby\emeamQf@antr@flmgreednwngtqumentﬁﬁ@eat t he

begi nni ng of t he t r|n However s.the .sta ation to

e sl owed CERS TR e The- SHRPCRRIGT 3 SHPURES a ifaiis” Shs4fE of 1S |

prol ongs tf&réwrratadi@hagemmcﬁm&b PRdNSGF ddh@roﬂfn@c@ﬁﬁmﬁyf&ﬁrewﬂdmhél and,

in turn, prolongs one nol d|n %‘g _EhFurtherrmre the rotati on speed of the
es

screw 20 dEreN-TEIRbIoREEEYe MP ¢ Nection savo Mptpe tiandithe sSe@Wst epwi se
dependi ng %ta%ﬁt eggﬁ imcitgfa% a?e toﬁoﬂé?é& WIm%@OdteP? ‘a%z?%gﬁéét%ﬁ Nas for

consi deri ng a resi SUC seve

the rotati dor deteeting 2 rotationl Srwe a'rhérbmtmrsp"@dbmeu&d byt thelemcodelse done
when it becomes necessary to change a dianeter of the screw 20. Referring
to Fig. 4, H agd 3édre suppligd tuthe Wtwlﬁf/é’aof Ingpardicelar.dbe 6pidtiag speed fir st

enbodi nent e e

appl i ed o BpgPd HFRiodday ) bl eR Rty S RIITSBECI MY
descri bed istrewrdOuncti on W|th Fig. 1. However, with the nethod for
controlling the drive of the screw according to thi s enbodi nent being
applied to the injection device illustrated in Fig. 1, control operations
achieved by the controller 26 are different fromthose obtained in the
conventions! injection 18 March 2002 9 device. The follow ng description
is made with reference to Figs. 1, 2A and 2B as well as Fig. 4.



To performthe nethod for controlling the drive of the screw according to
‘this enbodi nent, an operator nust set a value (rotation speed) N in the
controller 26 for the rotation speed of the screw 20 at the begi nni ng of
the metering. The controller 26 carries out a control operatjion t otate
the screw 20 at a slow acceleration Al until the rotation sﬂ@e’gaﬂ%éq{g
screw 20 reaches a value (rotation speedp N, c. The rotation speed NK is
defined at a predeterm ned certain ratio Krelative to the rotation speed
N. Fol | owi ng the ripisaioted tssiehd cohfigbrmtiooribustratad i §ig. Heisr for #te eakspéed NK,
the controller 26 .carrjes out a control 19 erajion.to rotate the gcr.ew at an
A seesifioeop

accel erat i on SEBPUGIY; 3nG FRNVEINGAGEyn AsBRES Quratipg of s Iniertiphdevice
rotation spe p acesl &N ] t t of the
accel erati one?%?.ys?ﬁr?bgidlgi ft“clﬁ‘oe%'éﬁiﬁg Jr t In%@?( F?as‘fégtlel't%crj r%%n%ﬁmg Ugﬁryﬁ?g? "t he
rotati on speed NKREprind togFigs. 24 athde2B,tbe scaew & Cais slesdebed imdetad. bén

lied to t head ti 0-4_0of th 0 that | i
e, | n piig 2Rl 13 Seieh Zhis, e S Teur pedtons B frecaeciod earhids a
tinme intervaleodprbs8iohsBeti®e 20 iaNAetring e di®her0-8% RS 8%Ra% de@tibh@ot4 e

when the rotation speed reaches the rotation speed NK, by using the
pr edet er ni ned TWigl feedrsestion29-1 d3 fari feadingethe. resinefreantheohopperiZ? (oigt dl s t he

accel er at on B SRRt Ao bArEP HhaP P h RSttt St Fevfls
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controller ZQ?ﬂQ&éF s the screwrotation servo notor 24 in accordance with
the interpol ated val ue. More specifically, the controller 26 uses a linear
interpolation as shown in a solid fine in Fig. 5 for the rotation speed of
the screw 20 fromthe beginning to the end of the netering process in
accordance with the position detection value, that is, the current screw
position, based on the values Ns and Ne of the predeterm ned rotation speed
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Y =Ne + {(Ns - Ne)I(Se - Ss)~ x (Se - X). The controller 26 may use the
value Ns as the rotation speed of the screw until the screw reaches a
posi'tion S1 between the screw position Ss at the beginning of the netering
and the screw position Se at the end of the metering and the,lreﬁlf@tc}r on
the screw reaches the position S 1, the controller may carryaou r 2 rol
operation with the interpolation, as depicted by a dotted line in Fig. 5.
The position S1 is given by (Ss + Se)12, which is half the course in Fig.
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3. A nethod g:?sgfbgu?weag???g*%ﬂ%ﬁﬁﬁ?ﬁjpﬁhﬂéﬁd&% ?2%8??#8@?2%’%0@%{ ecting
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a rotation speed of..the scre 4. A ho claimed in claim.3,
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speed N, sai %eﬁtirf@%éé?hﬁé?(.m T1 being cal cul ated fromthe begi nning of the
metering process to the point where value NK is reached, and carries out a
control operation Aroongtthe fouhstageseaf the setting, dve dovmer thoee Atages argy t he
calculated tine i r‘” erval T1. . .
generally used to eéqualize the temperature of the resin. In these three
stages, the resin at a high temperature is metered in combination with a
relatively high screw rotation speed and a low back pressure in the former half
of the heating cylinder 21. During the course of the metering, the residence
time for the resin is increased. The rotation speed is decreased in a stepwise
manner in order to increase the exothermic amount due to the shearing of the
resin while the back pressure is increased. The fourth, final stage is for
providing a setting to improve the accuracy of the metered value used at the
beginning of the filling process. More specifically, a very low rotation speed

and a very low back pressure value are set in order to avoid overrun of the



5. A nethod for controlling drive of a screw in an injection nolding

~machi ne, said nethod conprising the steps of: providing an injection device
having a'first driving source for use in rotating the screw, a second
driving source for use in noving the screw in the axial direﬁ' n v'kﬁq%an

I njection shaft; a position detector for detecting a positio h
2002 13 of the screw, and a controller f& controlling said first driving
source in accordance with a value indicative of the detected position
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heating cylinder 21. Because of this, the screw 20 does not move at the
beginning of the rotation of the screw 20 upon the initiation of the metering.

This means that the rotation of the screw 20 causes a local heating due to the
friction between the check-valve ring 20-5 and the inner wall of the heating
cylinder 21 to generate a heat. The heat may adversely affect the resin.
With respect to this, a linear or quadric function is used to slow down an initial
(start-up) rotation of the screw at the beginning of the metering process for a
predetermined value N of the rotation speed at the beginning of the metering.

However, this requires the start-up operation to be slowed down until the
speed reaches the predetermined value N. It prolongs the time duration
before reaching the predetermined value N and, in turn, prolongs one molding
cycle. Furthermore, the rotation speed of the screw 20 during the metering
process is required to be determined stepwise depending on a stroke, that is,
a position of the screw 20 while considering a resident time of the resin.
Having such several vaiues for the rotation speed is troublesome and
bothering because it should be done when it becomes necessary to change
a diameter of the screw 20.

Referring to Fig. 4, a method for controlling drive of a screw according
to a first embodiment of the present invention is described. This method can
be applied to a motor-driven injection device driven with a servo motor as
described in conjunction with Fig. 1. However, with the method for controlling
the drive of the screw according to this embodiment being applied to the
injection device illustrated in Fig. 1, control operations achieved by the
controller 26 are different from those obtained in the conventional injection



7. A nethod as clainmed in claim5, wherein said interpolating step
conprises interpolating the rotation speed of the screw fromthe begi nning
to the end of the metering process in accordance with the position
detection value, using the rotation speeds Ns and Ne and scr% go i1i.Qns Ss
and Se at the beginning and end, respectively, of said rreterl\rqg rﬁ?‘ . 8.
A nmethod as clainmed in claim7, whereimgthe screw position Ss at the

begi nning of the metering process corresponds to the position of the screw
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met hod as claimed in claim conprising a step of  determning a
posi ti on S12Bexswwelhasidég.9erew position Ss at a beginning of the netering
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the rotation speed of the screw 20 reaches the rotation speed N. The
acceleration A2 has a value larger than that of the acceleration A1. In
addition, the ratio K is determined such that the rotation speed Nk depending
on it does not cause a sudden load to be applied to the head section 20-4 of
the screw 20 that may result in a damage.

In particular, the controller 26 in this embodiment calculates a time
interval T1 from the beginning of the metering process to the time when the
rotation speed reaches the rotation speed Nk, by using the predetermined
value N of the rotation speed. The controller 26 controls the screw-rotation
servo motor 24 to ensure that the screw 20 rotates at the acceleration of A1
during the calculated time interval T1. Then, the controller 26 calculates a
time interval T2 between the point when the rotation speed Nk is achieved to
the point when the rotation speed reaches the rotation speed N. Upon
reaching the value N of the rotation speed of the screw 20, the controller 26
shifts to control of the screw-rotation servo motor 24 to ensure that the screw
20 at the acceleration of A2 during the caiculated time interval T2.

The start-up of the screw rotation is made gradually and no significant
load is thus applied to the head section 20-4. This is similar to a situation
where a cushioning effect is obtained during the start-up operation. The
screw starts up at the acceleration A2, during the time interval between the
rotation speed N to the rotation speed N, that is significantly larger than the
acceleration A1. Therefore, the time duration required to reach the rotation
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As described above, according to the present embodiment, the start-up
of the screw at the beginning of the metering process is provided in the
manner with the automatic cushioning effect by means of simply setting the
predetermined value N of the rotation speed at which the screw is rotated at
the beginning of the metering process, while avoiding any damage of the head
section and the adverse local heating.

Referring to Fig. 5, a method for controlling the drive of the screw
according to a second embodiment of the present invention is described. This
method can also be applied to a motor-driven injection device driven with a
servo motor as described in conjunction with Fig. 1. However, with the
method for controlling the drive of the screw according to this embodiment
being applied to the injection device illustrated in Fig. 1, control operations
achieved by the controller 26 are different from those obtained in the
conventional injection device. The following description is made with
reference to Figs. 1, 2A and 2B as well as Fig. 5.

For providing the method for controlling the drive of the screw according
to this embodiment, the only thing which an operator is required to do is to set
values Ns and Ne in the controller 26 for the rotation speed of the screw at the
beginning and end, respectively, of the metering process. The controller 26
interpolates the rotation speed of the screw 20 from the beginning to the end
of the metering process, by using the predetermined values Ns and Ne for the
rotation speed as well as a position detection value supplied from the position
detector 27. The controller 26 controls the screw-rotation servo motor 24 in
accordance with the interpolated value. More specifically, the controller 26
uses a linear interpolation as shown in a solid line in Fig. 5 for the rotation
speed of the screw 20 from the beginning to the end of the metering process
in accordance with the position detection value, that is, the current screw
position, based on the values Ns and Ne of the predetermined rotation speed
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and screw positions Ss and Se at the beginning and end, respectively, of the

metering process. The screw position Ss at the beginning of the metering
process corresponds to the position of the screw when the rotation speed of
the screw 20 reaches the value Ns.

Let the current screw position be X for the case illustrated in Fig. 5, an
interpolated rotation speed Y of the screw is given as follows:

Y = Ne + {(Ns - Ne)/(Se - Ss)} x (Se - X).

The controller 26 may use the value Ns as the rotation speed of the
screw until the screw reaches a position S1 between the screw position Ss at
the beginning of the metering and the screw position Se at the end of the
metering and thereafter, upon the screw reaches the position S1, the controller
may carry out a control operation with the interpolation, as depicted by a dotted
line in Fig. 5. The position S1 is given by (Ss + Se)/2, which is half the course
in Fig. 5. Inthis case, the controller 26 also uses a linear interpolation for the
rotation speed of the screw with the current screw position X in accordance
with the values Ns and Ne as well as the mid position (Ss + Se)/2 and the
screw position Se, as in the interpolation described above. The position
where the rotation speed Ns reaches is not limited to the mid position. It may
be any other position obtained according to a predetermined ratio.

In this embodiment, it is just hecessary to determine and set the two
values for the rotation speed of the screw at the beginning and end of the
metering process in the manner described above. This facilitates the
operation required for setting the value(s) and changing the set value, if
necessary.

While the above mentioned embodiments have been described in
conjunction with the motor-driven injection moliding machine, the present
invention may be applied to hydraulic-driven injection molding machines.

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.



10 10' @ 109 ()-m@ 109 ()-F()109%& ()-!, 10%gg& ()- , 109%& ()-
<#HI#LHBA 2, 3, a?14 10GE 1093GE ()-" 10%G& ()-"! 10988& ()-

1096& () - S109G& () - @109%G& ()-3,4,5, C E $-j-/aB4 1063y 10% 0& () -

1'10% o

0& ()-110% o' 0& ()-L10% o& ()-f#10% 0& ()- 10GG 10GH / 33C5D5 ﬁSTﬂ%%
10GG #10% & ()- 10'0 10' 0 10' 0310% 0& ()-'! 10%& ()- 109% 0& () -

TS5V5679"

:0;}[<g\= 10GGy#z 10% & ()-!z 10¥8+& ()-z 10%& ()-!z 10%&

10% : & ()-510% & () -0: : >>>>>>F?~ @ 10GG@ 10%4&' () - MLOY%&’ () - y#lO%—l& ()

10: 10: &

10WVEAT IS mlm IH

1. A method for controlling drive of a screw in an injection molding
machine, said method comprising th_e steps of:
providing an injection device having a driving source for rotating the
screw and a controller for controlling the driving source, wherein the controller
has a rotation speed N which is previously set therein as a set value at which
the screw is rotated in a metering process; said method further comprising the
steps of
first rotating the screw at a first acceleration A1 until the rotation
speed of the screw reaches a value Nk (where Nk < N);
second rotating the screw at a second acceleration A2 until the
rotation speed of the screw reaches the rotation speed N, second acceleration
A2 being higher than first acceleration A1, the value Nk being defined at a
predetermined certain ratio K relative to said rotation speed N.

2. A method as recited in claim 1, wherein said first and second
rotating steps comprise controlling the driving source with the controller.

3. A method as claimed in claim 1, further comprising the step of
detecting a rotation speed of a servo motor of the driving source, thereby
detecting a rotation speed of the screw.

4. A method as claimed in claim 3, further comprising a step of
calculating a time interval T1 by using said rotation speed N, said time interval
T1 being calculated from the beginning of the metering process to the point
where value N is reached, and carries out a control operation to rotate the
screw at first acceleration A1 during the calculated time interval T1.

5. A method for controlling drive of a screw in an injection molding
machine, said method comprising the steps of:

providing an injection device having a first driving source for use in
rotating the screw; a second driving source for use in moving the screw in the
axial direction via an injection shaft; a position detector for detecting a position
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end, respectively, of a metering process;

interpolating the rotation speed of the screw throughout the metering
process from the beginning to the end based on the rotation speeds Ns and
Ne and the value indicative of the detected position supplied from said position
detector; and

controfling the rotation speed of the screw throughout the metering
process from the beginning to the end based on the rotation speeds Ns and
Ne and the value indicative of the detected position supplied from said position
detector.

6. A method as recited in claim 5, wherein the step of controlling the
rotation speed of the screw comprises controlling a rotation speed of a servo
motor forming the first driving source.

7. A method as claimed in claim 5, wherein said interpolating step
comprises interpolating the rotation speed of the screw from the beginning to
the end of the metering process in accordance with the position detection
value, using the rotation speeds Ns and Ne and screw positions Ss and Se at
the beginning and end, respectively, of said metering process.

8. A method as claimed in claim 7, wherein the screw position Ss at
the beginning of the metering process corresponds to the position of the screw
when the rotation speed of the screw reaches the rotation speed Ns.

9. A method as claimed in claim 6, further comprising a step of
determining a position S1 between the screw position Ss at a beginning of the
metering process and the screw position Se at an end of the metering process,
the position S1 being determined between the screw positions Ss and Se
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10. A method as recited in claim 5, wherein said controlling step
controls the rotation speed according to a linear control function.

11. A method as recited in claim 5, wherein said controlling step
controls the rotation speed in a continuously variable manner.

12. A method as recited in claim 5, wherein said controiling step
controls the rotation speed from the beginning to the end of the metering
process according to a linear control function.

13. A method as recited in claim 5, wherein said controlling step
controls the rotation speed from the beginning to the end of the metering
process in a continuously variable manner.



