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I'NJECTF ON MOLDI NG MACHI N OF THE | NVENTI ON: Thi s invention
relates to a back pressuﬁwmm“mt hod for an injectionnol ding nachi ne
and a back pressure control g atus therefor.Injectio j Hgyﬂy nes
are classified into hydrauliceﬁﬁ%ectionnnlding nachinesagn égﬁéﬁ- rrven
i njection nolding machi nes. Eachhydraulic injection nolding machi ne uses
hydraul i c actuators as drivingsources forl an injection device and a

cl anpi ng devi ce whil e each notor-driveninjection nolding machi ne uses
servonot or s sBACKEPREBSGURE CDNTROLHEOR ABS INJEC TAON IO ID ING: MFeSENPBt i on
w Il be made on the prem se that theinjection nolding nachines are the.
not or-driven injection nolding nmachines,the invention is also applicable to

hydraulic i nj%mwmh'ﬁﬂl@ﬁhydr aulic injection nolding
machi nes and € notor-ariven I njection noldingmachines are sinmlar in
structure and operHiis inventiopaelater toea bazk ppressumatontharmeethod fdr &h émjeotien
bet ween the hydraulic actuators apd the serv tors., Now, t he description
w11 pr oceed BB FaeRGecane > Betkaresirs FodBol b aratisgeatSer vonot or s as
the actuators in hpjetiof lholding 'YRaBhineki &icZ AldsaficdnshtiEhfIrallc NRREASS 2

screw is rotated bya screwrotation servonotor. The screw is located within
a heating cylmaldging Reashings sl mator-gayemsnjestion endlding moachiné®ppEacho a

eaul ts i n 7 dBEragR: RIS ilfindCBiashe el dBloranie Sotila e as IR o
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heating cylinder to formnolten resin.During this time duration, the screw
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portion which is 0 ani njection Sha e 1 njectron
shaft is ro:1 dhjeltion mqmqﬁngtrﬁabrﬁneaam&momrpjrmaghjeotigm_rrmldbi_agrmaminé'h,e
injection s t.is driven in an, axial direction by aninjection. servonotor
wht ch 1 9" 'supdBs iRXETANS Bl ABRISRD I fouuAranlie e docmaieg BV3RbIRsS B var
and backward i i ink t adh O ik ection
Servomotor ¢ HPSTIHCIBHl PRI Iy AERES B Re ABRARIEA Blledlon #RIBA0S &
whi ch will | anaghipeserasioligain strueturhane operaticorio ashokher @xsapt thajftherse

feedback. contt 315008 eRvedltiEnHR]C aFfaw i g SRuBR™: B essure
plate is advaneefésbriptigansll pfocliddvtongpéitions] sfcdn dfjectiony deviterusidgienscr ew

has a nose portion which serves as a piston to fill a nold with the nolten
resin. (3) ASeIVRMees 8¢ theackuatars iybpebcess, the molten resin fills the

e Serew has "a"odnt /47 ng s orind MeshRy Hrooddtc ety Aot b0 O
to a pressur@ saawrrotationdservdmiotors wiThersongw iis locafest withinteoheatireg tyinger.
sw tching”. 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 melted by the heating cylinder to form molten resin.

During this time duration, the screw is retracted due to 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

T
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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



(4y After the V-P switching, the resin within the cavity of the nold is
all owed to cool under a predeterm ned pressure. This process is called a
dwel l'ing process. In the dwelling process, the resin has pressure which is
controlled in a feedback control loop in the simlar ma Lch i
described in conjunction with the above-nentioned back B?@P?gg@%@fih@pgl :
Subsequent |y, operation of the injection device returns back to the

pl asticization and metering process set forth in (1) after the conpletion

of the dwelling process set forth in (4). On the other hand, in a clanping
devi ce, an ejwihich opiliriateir dredoore gjesut theg ahoveimentipnedulbackopresstira Ré el d i s

Fortn in (1 yMoRgLRagds detelied By Rl ALt and 2n B! bAH £ F¥EBEP s hov e
the solid pragdutiol foopm the nol d by nmeans of an ejector mechani smand

thereafter in closing the nold for the resin filling set forth in (2).
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are mutually related to a screw retreat position, nolding work nmust be
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Subsequently, operation of the injection device returns back to the

In

plasticization and metering process set forth in (1) after the completion of the
dwelling process set forth in (4).

On the other hand, in a clamping device, an eject operation for ejecting
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 solid product from the mold by means of an ejector
mechanism and thereafter in closing the mold for the resin filling set forth in
(2).

In the manner which will later be described in conjunction with Fig. 3,
a conventional back pressure control method comprises the steps of setting
a plurality of fixed back pressure command values to form a back pressure
pattern having the fixed back pressure command values that discontinuously
vary with respect to a screw retreat position or a screw retreat time instant and
of controlling back pressure so that a back pressure detected value coincides
with the back pressure pattern. However, with the conventional back
pressure control method, it is impossible to sufficiently appreciate a specific
characteristic of resin to be molded and to carry out a muiti-stage back



pressur.e control nmethod for an injection nolding nmachine, which is capable
of carrying out near ideal back pressure control by sinple setting work. It
i s anot her object of the present invention to provide a back pressure
control apparatus for an injection nolding machine, mhicg &f suitaq#ﬁ)to

t he above-nenti oned back pressure control nethod. O her Bj Qﬁr S

I nvention will beconme clear as the description proceeds. According to a
first aspect of this invention, a back Pressure control nethod is of
controlling back pressure in an injection nolding machi ne conprising an

i nj ecti on demiessureTdomtioh{fecexampigethiree-stage or frg-stadgasitinfesscan injetionf or
heating resin Efmder Bherein {ohnelt the resin pﬁwder iﬁ%ftgnglea resin, a
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actuator operatively coupled to the screw for driving the screw al ong an

axi al di r ectelding work seysttbee cauiaceaut &yi iepretasieghangingethetixadhiael | i nder
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back pressure Contro evel respe pressure; ©

aut omat i cal | gomipad viahiesds suitablecfobswaitshint pdsitidnascdeprreiiisgion thortrest | evel ,
a back pressure pattern having a variable back pressure conmand val ue which
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SUMMARY OF THE INVENTION:

it is therefore an object of the present invention to provide a back
pressure control method for an injection molding machine, which is capable
of carrying out near ideal back pressure control by simple setting work.

It is another object of the present invention to provide a back pressure
control apparatus for an injection molding machine, which is suitable to the
above-mentioned back pressure control method.

Other objects of this invention will become clear as the description
proceeds

According to a first aspect of this invention, a back pressure control
method is of controlling back pressure in an 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 heating cylinder for feeding the molten resin in
the heating cylinder forward to meter the molten resin, and an injection
actuator operatively coupled to the screw for driving the screw along an axial
direction to inject the molten resin metered in the heating cylinder forward.

The back pressure control method comprises the steps of setting a back
pressure control level with respect to the back pressure, of automatically
determining, on the basis of the back pressure control level, a back pressure
pattern having a variable back pressure command value which continuously
changes with respect to a retreat position of the screw, and of controlling the
back pressure in accordance with the back pressure pattern.



Accordimg to a second aspect of this invention, a back pressure pattern
preparing nethod is of preparing a back pressure pattern for controlling
back pressure in an injection nolding nachine conprising an injection
device. The injection device conprises a heating cylindet,for heati resin
powder therein to nelt the resin powder into nolten resi Ogﬁﬁeaﬁﬁ%?@§2

di sposed in the heating cylinder for feeding the nolten resin in the
heating cylinder forward to meter the nmokten resin. The back pressure
pattern preparing nethod conprises the steps of setting a back pressure
control |evel w thAcasgiagtiotaosedondmspechobihisiinyeation¢f back pressutsapatjern

pr essur o pat t4PRNEg ManSe (oot dEpaffk Al cYeSs d¥HARm S Brs i 2R
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sai d heating linder for feedjng the nolten resin in the heating cylinder
orward 1 o maiBMEIRD feSiT e 107Gk PERSAUEPA TG Dt EBANI B TR COPENSEs Jid y
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et or i ni ng, '8YEl 18 Bad Sresedrs,Batela sd sy uTanRpelt PP Smimage
pressure pat tgflde WAEHBoRtiMAUsAPLRaRFEX WRhEBSHES: ©OFTFBREat §bdiforVaK Ghe

conti nuously changgs wWth respect to tine, and of controlling the back
pressure in &sceWdanpaiethe back prssupe esieie pattern. According to a
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i nj ection nolréthgdnscbi rentrolipyi sadlg presdung eint aoringetion emolligy inmachdte on
devi ce conprises a, heating cylinder le[ heating resin powder th%rei_n to
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meter the nolten resin. The back-pressure pattern prepafring netho
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Geter i ni ng. e eI rS g tedaRERS pRUBE IS T B AR Bh iRl
pressure pat taztuatbryperatioelyaouplidetotae s crsve Serdréving saRINstrave lalshg/an @Rial
continuously changes with respect to tinme to preg&re t he back pressure
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machi ne conprising an injection device. e’ infection device conprises a
heati ng cyl i miessurercamndat ilenelreith mepmeaieo thieebadkn prassoed,t oft Aetomedicallpowder
into nolten rgsin,. a scr i sposed i n the heating, cylinder for feeding the
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screw along an axial direction to inject the nolten resin netered in the

heating cyli shengesrwith despeet tojteee. enddel/icoatrolingr the dagk wressarebde k

pressure dete far tecti b r ure of the nolten resin in said
heating cyli %%é&rc{aﬁg? Vﬂ@‘ %’%t%%cp%ﬁg%’% ngﬁ?e[rﬂe screw to produce a pressure
detected signal indicerdihy e affoarthaglsedt &I iavEIET aeshokadress @k pdirhack

pressure and with a screw position detector for detecting a retreat
position of PRePFHIEMetrdiscrreraring pdackRsEssWa Radtest facosirghiag back

i ndi cative of : [ 14 f resshre r ol
appar at us. compy ok FLEREePRaL Mgl cuaeiof SpBrs i e B BRI
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signal indicative of the back pressure control |evel. Connected to the
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determ ni ng section produces a pattern signal indicative of the back
pressure pattern. Connected to the determ ning section, the back pressure
detector, and the screw position detector, and operatively coupled to the
injection actuator) a controller controls, in response to the pressure

N ) N T o .



~f a n:20 Decenber 2002 6 According to a sixth aspect of this invention, a
back pressure control apparatus is for controlling back pressure in an

i nj ection nolding machi ne conprising an injection device. The injection
device conprises a heating cylinder for heating resin pogg ‘EEﬁﬁ*ﬁéﬁpﬁ

nmelt the resin powder into nolten resin) a screw di spose .\

cylinder for feeding the nolten resin in the heating cylinder forward to
nmeter the nolten resin, and an |nject|on5actuator operatively coupled to
the screw for driving the screw along an axial direction to inject the

nolten resin ﬁ@p%péleﬁtlﬁgtahl@amqeisagrecgqntm&eveﬂ w¢tMe§pe¢h@thmp@@t P@$SHER/i ce
ded f
the ol ten r exichof A ORIaREY MiéiaffihGrbR e Hes RO ABE SR WREHRIEHAE O o

to produce a [pvelsshe badeprssade @agead ha\ndgcsaw‘/anabl@baeklpaeésmemmand
detected val ue of the back pressure and wth a rew position detector for
detecting a r‘@c“#%?ﬁ '%EPW Sty FW%&WWF@SWCZE%@@GQ%EWF%% E?Sh
det ect ed mgr@le ye of the retreat position of said screw. The back
pressure controF app&ﬂat us conprises a level setting section for setting a
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Connected to the |evel ting section and the sharpness selecting seéection,
a det erm ni ngeydiadet fon heatirg i powdier therelnalsimselbthe resimpewder inte maktedont r ol
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respect to a gad rrﬁ@itmgcrsﬂmd@mfcﬂf/vatr@&o%éwth@hﬂob@@keﬂhe%ﬁur@np jetgom has a
nmount ai n- shaped portion defi nedéﬁcn t he sel ected. sharpness. The deter m ni ng
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for preparing a back pressure pattern for controlling r Decenber
2002 7 pressure detected value of the back pressure and wnth a screw posmon

detector for detecting a retreat position of the screw to produce a screw
positio'n detected signal indicative of the retreat position of the screw. The
back pressure control apparatus comprises a level setting section for setting
a back pressure control level with respect to the back pressure to produce a
level set signal indicative of the back pressure control level. Connected to
the level seiting section, a determining section determines, on the basis of the
back pressure control level indicated by the level set signal, a back pressure
pattern having a variable back pressure command value which continuously
changes with respect to a retreat position of the screw. The determining
section produces a pattern signal indicative of the back pressure pattern.
Connected to the determining section, the back pressure detector, and the
screw position detector, and operatively coupled to the injection actuator, a
controller controls, in response to the pressure detected signal and the screw
position detected signal, the back pressure in accordance with the back
pressure pattern by means of the injection actuator.



pr€ssure in an injection nolding machi ne conprising an injection device.

The injection device conprises a heating cylinder for heating resin powder
therein to nelt the resin powder into nolten resin and a screw di sposed in
t he heating cylinder for feeding the nolten resin in the Q tin cé' der

forward to neter the nolten resin. The back pressure pat? f[ﬂec&r&gy d@g uni t
conprises a level setting section for sefting a back pressure control |evel
with respect to the back pressure to pro@l_uce a level set signal indicative

of the back pressure control |evel. Connected to the |evel setti ng section,
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pressure control apparatus is for controlling back pressure in an injection
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of the screw. The back pressure control apparatus conprises a |level setting
section for Herniairshaped k Perteds defineshityol thee \salectpd h sharness. t o ThBe back
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produces a pattern signal 1ndicative of the back pressure pattern.
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accordance with the back pressure pattern by neans of the injection
actuator. Advepdiing und ia foeprepaiingedtbask prepsurenna@ttarndar cantialikg Mrasssur e
control apparatus is for controlling back pressure in an injection nolding
machi ne conprising an injection device. The injection device conprises a
heating cylinder for heating resin powder therein to nelt the resin powder
into nolten resin, a screw disposed in the heating cylinder for feeding the

I g, N o e I



.r-20 Decenber 2002 9 actuator operatively coupled to the screw for driving
the screw along an axial direction to inject the nolten resin netered in
the heating cylinder forward. The injection device is provided with a back
pressure detector for detecting back pressure of the nnl%@ resin in said
heating cylinder that is nmetered ahead of the screwto p er?ﬁ%QQ%Jre
detected signal indicative of a back pressure detected value of the back
pressure and with a screw retreat tinme ifstant generator for generating a
time instant signal indicative of a retreat tinme instant of the screw. The
back pressur epresauredn apipgcicasnading maeking dosywisingaun injgctiarcdeveef of he

o oduce a | evBieED dhvEriinesd FEaut) bYRR K led Boatn BIMSTRERINE, | %
shar pness sel gahehthes RRlin powdet Red Moled rdsPedrra gd(esharsgamm eehaXting
plurality of sharpnesses In transition up to a maxi num back pressure

command val uetylioganiesfeeding thﬁmqli@mdlesk‘eigtthﬁ@e@@tﬂﬂi%ﬁﬂ@deMﬁdéﬁdﬁﬁﬁ@éss

back progsur onegnendh FRATI Y AReS B0k PRk EPaung luk sRmpRees byt

pressure pattssttindsettig for vaitingld Batlaprespurs Soteol daverwit regpeiet tolthe back
continuously changes with respect to tine. The back pressure pattern has a

mount ai n- shap@spdettPdiodiesa adRvedpet signabindicative Shingbraprespigrese@diah ni ng
section prod a Sj [l i the i 1 tern.
Connect ed toultgﬁgl' de{égbﬁngﬁ?cri\gkggﬁ%i lc?'r?,g' t%f'ﬁcﬁcg?@ssf%%’ﬁ@c Ors‘,%cg% t he

screw retr eatdetermineasomthe hesiercittbe baagkpregsiratdontrbllevelipddtad by Hee

ot ect ed'si oribtels ot ebadkpERRis pits ke E A cirigble b PR ©
accordance W ddinmaadRatle Wh%ﬁwnﬂnaéaét%nahgemrisesﬁedt I airBirg 6t ;b@mktion

actuator. According to an el eventh aspect of this invention, a back
pressure pat t@rthe scepar i Hoe datermiring sectior psedungsa patiknpsigsalundicptive er n

for controlli res ,0_an injection nolding machi ne conprising an
i njection dev&ggg%%ﬁﬁgﬁﬁs@g Egthevi ce conprises a heating cylinder for
heating resin pOV\d‘&EcoTrdiliﬂEQb _ntelghtil dspideeof td IvenNsItra badkopresku@pattenn and
a screw disposed in the heating cyli nggr for feeding the nolten resin in

the heating JYEPAURG UNESSPTIPTEPaRBE DARK PIR3T 4R i forrerntidiing preksure
pattern prepady } Ry 4 p ; [WpTet b O r Ad n back
P eseur e conthreryrah andfiERlios foiding HEeniRE chiMisHeCdn flleciBn dlice LoTe Doe
set signal i ridjection device comprisasia peatiwgucydindet fazhebting mésin pROGIRT titereimt r ol

| evel . Connected R_ﬁt he. | evel sefting sect.ion,, a deter.m ni ragiinﬁtﬁ(:ti on

determines, of b Pisefin Savaeah a@QﬂﬁP &S AT R RY] diPRORS PlGi9py

the |evel setcyfih@rafor fédetindBRkmditeaTosiR inahé Aeatingeyinticn forvaraht endtaek
pressure command val ue which conti nuously changes wth respect to a retreat

. g | . .
time instant tB‘F MEnsesdw. Tﬁ@@%@&@ﬁﬁ%ﬁwtﬁeﬂrwf&%@ﬂj&@@naﬂﬁ adeyel
si gnal i ndi C?ste'tt)’rﬁ/?éctﬂoH%Pé’&EngraeEM S;?reBé‘ﬁFeecgJ}rtrdﬁfe‘b%'i A Ped ét‘.tc%‘ﬂ?é B%Ek
aspect of thi's invention, a batk pressure pattern preparing unit 1s for
preparing a lpmegsyreds prodiigesd texehsétmigearindioblivengf thedlackimressure domtrah

o e TR P L e e 88
TeL L Lhe 1 esigp DNy ohishaffdsas if Sidhsith dp 16 TeMaisaASGb prddtarareat i ng

cylinder for feeding the nolten resin in the heating Inder forward to
met er the nolcommard valueTh& dnmektast tostherlevelsettingsestioparndiewstiarpoesspri ses

fespect to t BRsRN sprled A ¢Sy ime SeaS pRlPERTESy 0B BSis YRR PRRL o1
the back pregpressureé Udhtrel idvay Mdicdtednsy BRE s ef 8bECIgnAY theBdckNpreekard s, as

a sel ected sharpness, one of a BI urality of sharpnesses in transition up to
@

a maxi num ba@RtigrreBaving acatiabiel bagk peesstss redmeand valuaavhiely epntutqusiy

section and t l.ecti 1.0n, et cLl

dotermnes, SHEPES BABTESREA FE ishet BPRLBH L TERORY Meb AR ReRRviey by
the |evel sefpategnhls at Moubiik-shapes woetigratiefned ba\the gerected shbipnezack
pressure conmmand val ue whi ch conti nuously changes with respect to a retreat
time instant ohetdpiedRipig sagtiomRaduses st pritepasigarhinsiaatiye pfuheahackshaped
portion defi ?éjﬁst&}‘ehaﬁeﬁlel ected sharpness. The determ ning section produces
a pattern si gna indircative of the back pressure pattern. BRI EF DESCRI PTI ON
OF THE DRAW NG



Fig. 1.iss a schematic view of a conventional notor-driven injection nolding
machi ne whi ch conprises an injection device driven by servonotors; Figs. 2A
and 2A are explanatory views collectively showing a configuration of a
screw for use in the conventional notor-driven injection di ng, machi ne
illustrated in Fig. 1; n V 20 December 2002 11 Fig. 3 i Qﬁfﬂ%&%ﬁ%se

I n describing an exanple of seftting of back pressure in the conventional
notor-driven injection molding machine; Big. 4 is a block diagramof a back

pressure control apparatus according to a first enbodi nent of this
i nvention; Fig. 5 Aeccadingdw anowh agprectafithisi ioveniqn, Beharkepressusvepret

pressure cont gl Levek @ndofbhingoadd HreBEGaSH' &1 RRLLRIHMing SRadtink e

back pressure
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 heating cylinder for feeding the molten resin in
the heating cylinder forward to meter the molten resin, and an injection
actuator operatively coupled to the screw for driving said screw afong an axial
direction to inject the molten resin metered in the heating cylinder forward.

The injection device is provided with a back pressure detector for detecting
back pressure of the molten resin in said heating cylinder that is metered
ahead of the screw to produce a pressure detected signal indicative of a back
pressure detected value of the back pressure and with a screw retreat time
instant generator for generating a time instant signal indicative of a retreat time
instant of the screw. The back pressure control apparatus comprises a level
setting section for setting a back pressure control level with respect to the back
pressure to produce a level set signal indicative of the back pressure control
level. Connected to the level setting section, a determining section
determines, on the basis of the back pressure control level indicated by the
level set signal, a back pressure pattern having a variable back pressure
command vaiue which continuously changes with respect to the retreat time
instant of the screw. The determining section produces a pattern signal
indicative of the back pressure pattern. Connected to the determining
section, the back pressure detector, and the screw retreat time instant
generator, and operatively coupled to the injection actuator, a controller
controls, in response to the pressure detected signal and the time instant
signal, the back pressure in accordance with the back pressure pattern by
means of the injection actuator.

According to a tenth aspect of this invention, a back pressure control
apparatus is for controlling back pressure in an 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 heating cylinder for feeding the molten resin in
the heating cylinder forward to meter the molten resin, and an injection



control:yin the back pressure control apparatus illustrated in Fig. 4; Fig.
6 is a view show ng a relationship between a nmedi um back pressure control
| evel and a second back pressure pattern for use in the back pressure
control in the back pressure control apparatus iIIustratﬁg)'n Fig. 4. Fig.
7 is a view showing a relationship between a high back p s@ﬁ?%"g%rn@(?@

| evel and a third back pressure pattern for use in the back pressure
control in the back pressure control app&atus illustrated in Fig. 4; Fig.
8 is a block diagram of a back pressure control apparatus according to a

second enbodi a&0htc?lopbPatirely YA tHe hred fob dAvingene sb@w 8ieng an axial
rel ati onshi p between a | ow back pressure control level and three first back

pressure pat t@rertiopriousiect the molieaciesiiy eedered indherhnating eyhederataewaréssur e
O Chnah s SLASIAR g tlool fn S 1o ebnd BRI R
back pressur ebgek prssufeonf tise maltenhresiadk spideheatirg cgimdenlthahist inetdradk
B Fel at | onsni #1aa] BB orew g PHRCSA Besaues Batecies SBaslnaicanls Bt SO ra
e eshy o oni RS Sullec i by WP LB R BiRE i AT Gl et e
di agram of a ibatant gersratorfoc generdtingEptimatinstant signal indicative of a retreat time
instant of the screw. The back pressure control apparatus comprises a level
setting section for setting a back pressure control level with respect to the back
pressure to produce a level set signal indicative of the back pressure control
level. A sharpness selecting section selects, as a selected sharpness, one
of a plurality of sharpnesses in transition up to a maximum back pressure
command value. Connected to the level setting section and the sharpness
selecting section, a determining section determines, on the basis of the back
pressure control level indicated by the level set signal, a back pressure pattern
having a variable back pressure command value which continuously changes
with respect to time. The back pressure pattern has a mountain-shaped
portion defined by the selected sharpness. The determining section produces
a pattern signal indicative of the back pressure pattern. Connected to the
determining section, the back pressure detector, and the screw retreat time
instant generator, and operatively coupled to the injection actuator, a controller
controls, in response to the pressure detected signal and the time instant
signal, the back pressure in accordance with the back pressure pattern by
means of the injection actuator.

According to an eleventh aspect of this invention, a back pressure
pattern preparing unit is for preparing a back pressure pattern for controlling
back pressure in an 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 and a screw disposed in the
heating cylinder for feeding the molten resin in the heating cylinder forward to
meter the molten resin. The back pressure pattern preparing unit comprises
a level setting section for setting a back pressure control level with respect to
the back pressure to produce a level set signal indicative of the back pressure



according to a third enbodi nent of this invention; Fig. 13 is a view
showi ng a rel ationship between a | ow back pressure control |evel and a
first back pressure pattern for use in the back pressure control in the
back pressure control apparatus illustrated in Fig. 12; H 14 V|ew
showi ng a rel ati onship between a medi um back pressure coﬁ#ﬂg?uﬂﬂb%ﬂz
second back pressure pattern for use in the back pressure control in the
back pressure control apparatus illustrated in Fig. 12; , v 20 Decenber

2002 12 Fig. 15 is a view showing a rel ationship bet ween a _hi gh back
pressure corfandol jaugd| %ﬁ'ﬁl"%ﬁ?ﬁlt? thaleve! petting gestionta QPW’W'”QSS@CP'%W he

E?Sk Erzessurc?etgf?ﬁ('i'\%@' oh 'thd BEsRAHRNOHERR HrEs SR IhRtroPRRAI Mdttatéd bythéated in
level set signal, the back pressure pattern having a variable back pressure
command value which continuously changes with respect to a retreat time
instant of the screw. The determining section produces a pattern signal
indicative of the back pressure pattern.

According to a twelfth aspect of this invention, a back pressure pattern
preparing unit is for preparing a back pressure pattern for controlling back
pressure in an 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 moiten resin and a screw disposed in the heating
cylinder for feeding the molten resin in the heating cylinder forward to meter
the moiten resin. The back pressure pattern preparing unit comprises a level
setting section for setting a back pressure control level with respect to the back
pressure to produce a level set signal indicative of the back pressure control
level. A sharpness selecting section selects, as a selected sharpness, one
of a plurality of sharpnesses in transition up to a maximum back pressure
command value. Connected to the level setting section and the sharpness
selecting section, a determining section determines, on the basis of the back
pressure control level indicated by the level set signal, the back pressure
pattern having a variable back pressure command value which continuously
changes with respect to a retreat time instant of the screw. The back
pressure pattern has a mountain-shaped portion defined by the selected
sharpness. The determining section produces a pattern signal indicative of
the back pressure pattern.

IEF c NG:
Fig. 1 is a schematic view of a conventional motor-driven injection
molding machine which comprises an injection device driven by servomotors;
Figs. 2A and 2A are explanatory views collectively showing a
configuration of a screw for use in the conventional motor-driven injection
molding machine illustrated in Fig. 1;



Fig. 16 s a block diagram of a back pressure control apparatus according
to a fourth enbodi nent of this invention; Fig. 17 is a view show ng a
rel ati onshi p between a | ow back pressure control level and three first back

pressure pattern for use in the back pressure control inzb\tﬁ bacls essure
control apparatus illustrated in Fig. 16; Fig. 18 is a vi € ﬂgi%OZ
rel ati onshi p between a nmedi um back pressure control |evel and three second
back pressure pattern for use in the backK pressure control in the back

pressure control apparatus illustrated in Fig. 16; Fig. 19 is a view

showi ng a rel ati orRdi P idet vieenfoa usedh deaekibpigess exempaiof gettingvef backl t hr ee
third back pressure pattern for use in the back pressyre control in the
back pressur ®resie §i theeriventienal motardiived nige moic&ng;m%c. 9% is a
schemati c vi ew of cgnyent | | i uhd ¢ hAJ ' ' j whi ch
conprises an inject 'o% }clfe\%i Efey&gr?‘\%%{rﬁyéfa%h;l?g‘rjgfﬁr%ggha{g?ggwgg; H%Bgr‘a'ﬁgsl s a
bl ock di agr aracebrdingtrc fipstesshodimeshof this mypatien,us according to a fifth

ggﬁf ?ioregltopg: at B;%Ig';nél ?Sng iv?envi/ sﬁg\%’/ingzéz ré%ti%nB%iB%‘étﬁéé‘ﬁra%‘w"%a& Bn%csgupé essure
control level and a first back pressure pattern for use in the back pressure
control in the back pressure control apparatus illustrated in Fig. 4,

Fig. 6 is a view showing a relationship between a medium back
pressure control level and a second back pressure pattern for use in the back
pressure control in the back pressure control apparatus illustrated in Fig. 4;

Fig. 7 is a view showing a relationship between a high back pressure
control level and a third back pressure pattern for use in the back pressure
control in the back pressure control apparatus illustrated in Fig. 4;

Fig. 8 is a block diagram of a back pressure control apparatus
according to a second embodiment of this invention;

Fig. 9 is a view showing a relationship between a low back pressure
control level and three first back pressure pattern for use in the back pressure
control in the back pressure control apparatus illustrated in Fig. 8;

Fig. 10 is a view showing a relationship between a medium back
pressure control level and three second back pressure pattern for use in the
back pressure control in the back pressure control apparatus illustrated in Fig.
8;

Fig. 11 is a view showing a relationship between a high back pressure
control level and three third back pressure pattern for use in the back pressure
control in the back pressure control apparatus illustrated in Fig. 8;

Fig. 12 is a block diagram of a back pressure control apparatus
according to a third embodiment of this invention;

Fig. 13 is a view showing a relationship between a low back pressure
control level and a first back pressure pattern for use in the back pressure
control in the back pressure control apparatus illustrated in Fig. 12;

Fig. 14 is a view showing a relationship between a medium back
pressure control level and a second back pressure pattern for use in the back
pressure control in the back pressure control apparatus illustrated in Fig. 12;



accordi.ng to a sixth enbodi nent of this invention; Fig. 23 is a block

di agram of a back pressure control apparatus according to a seventh

enbodi ment of this invention; and Fig. 24 is a block diagram of a back
pressure control apparatus according to an eighth enbodlgﬁqh of this

i nvention. DESCRI PTI ON OF THE PREFERRED EMBCODI MENT: Refe %T¢?ﬁ%90%_ a
conventional notor-driven injection nolding machine will be described at
first in order to facilitate an understat@ling of the present invention. The
illustrated notor-driven injection nolding machine carries out a filling of

nol ten resin by caFiget§isng vie?wghowmgla rmaﬂiomsmﬁ batmm@mmbacmmsbmear or
reci procating notion using screw and Decenber 2002 13

In Fig. 1, r&Catiobievs! 254 4 H]l@c*w%p@?éwwf&m@r use i 498 BACK BFSSYTa bal |
screw 12. A iy H‘B?ln' e Bk r%QSt?reFUO‘?\?r%\“E pﬂa?ﬁfﬂl&ﬁrﬁ%ﬂhptﬁ@tut advances
on al

and is retracted 1n respon to the rota I rew 12. The
pressure plate 14 kig. r16vasbIaeblalcbmgagmnuie)fbmrtsackSpEEwum doiniret appaetbase

f t sh forth t of th | ate 14
Lo e e tlding 85,438 50h Bnsbdsent BT Taendin ce ' 6. mrd aa TS
injection shaft 1351 Tye l§§rv@% gﬁ’OWﬁllgpé)?élét'ld?@Pﬁb %M&éﬁ @I&W@bbﬁ%r@éb‘ré‘der 21

such that it is rotatab and novable in the axial direction heat
cylinder 21 mrnltr@ttwntjan@ threetfiigt baskrprpesureqratiern foreusecingie back preaseve ded

cer ow rot a1 RTS8 DteecdtebSTe kR Boeartt IRPHERIE ARGl ¢ 15 via o

coupling member 2$|§Ofrarisssdnéw sl'foWn?B@!’@hﬁon%ubﬂiétwééd & nediliey batk ot her
words, the screw 20 rotates as a result that the injection shaft 19 is

rotational | y PABSSHIR aptiohlevetardiliree secend Sack pressiie pattem farpgedn the
pl ast 1.0l 22t | QR islo S8 FoP B ek IRLLRRS BRI Aot detiirpeat 1 10

cylinder 21 a ea e screw a nozzle
when the scre®;20 goes back while rotating in the heating cylinder 21. The

mol ten resin ahea .of the screw 21 is then filled in a ppld (not shown) and
pressurized for rrg:l'gli IS FYIVESHMWNE S %wnﬁh@hﬂmﬁg‘@ﬂva% RIE®Eed hy

the |oad cel 'coi‘a?foﬁl%vgpé‘ﬁ& ki eftﬂF&SFcK‘Eﬁé@sM?e éiﬁ%rpﬁ?ﬁ?g;rgf(he-r@ﬁck' Bedseel | 18

produces a pressure detected signa at i _ ) pressure. The
| oad cel | 18ceostrobin the kadkquksguresontrel arparatusyillfstratadiie€id.§; t he back

Dreseir e, The, Pt oW A Ao ST 008 of o b kB Rre B RSB hotina o
control |l er 2@hachine which comprises an injection device driven by a hydraulic actuator;
Fig. 21 is a block diagram of a back pressure control apparatus
according to a fifth embodiment of this invention,;
Fig. 22 is a block diagram of a back pressure control apparatus
according to a sixth embodiment of this invention;
Fig. 23 is a block diagram of a back pressure control apparatus
according to a seventh embodiment of this invention; and
Fig. 24 is a block diagram of a back pressure control apparatus
according to an eighth embodiment of this invention.

CRIP E D EMB
Referring to Fig. 1, a conventional motor-driven injection moliding
machine will be described at first in order to facilitate an understanding of the
present invention. The illustrated motor-driven injection molding machine
carries out a filling of molten resin by converting rotational motion of a
servomotor into linear or reciprocating motion using a ball screw and a nut.



Att'ached to the pressure plate 14, a position detector 27 detects an anount
or' novenent of the screw 20 to produce a position detected signa
indicative of the amount of the nmovenent of the screw 20. The position
detected signal is anplified by a position anplifier 28 b@ég an a ified
position signal which is then supplied to the controller ion
detector 27 acts as a screw position detector for detecting a screm/retreat
position. The controller 26' supplies filBst and second current (torque)
commands to first and second notor drivers 29 and 30 dependi ng on the
above- nent i oned plmEigsSes:tétdnn ebarh injécticad seyvometorbl! srtranseniteddo a ball, 20

Decenber 2002 14 nsi tot first cur (tor m"rand t he
Frret motor SFte 2 o0k duhd i Bree fog mitste AR TS RhaNeL r BVRBRES 2
servonot or 24 rayrabRAM t%fspéﬁ’ﬁ [PtHd Fdtafion of fle BRIISCRGY G2I I ghk preksiree
screwrotation servonotor 24. Responsive to the second current (tom&ue)

command, t hePlgta dAds mevableiplangr g@ide dwis 1§ andid Bdixeguic a Hrgadrasne (

i njection se { OFr ﬂ;ﬁ?@ bt d nt
for the inj e%:rY ser@%%o %\1}"898(2} 'eq\%b r o r?g%@r(egﬂ\g/%enﬁ }(;érﬁ%}t&%tea

provi ded witfo aistnelv\SEO efradesnring 17708 (cked ecll 1Bgard Bhrisjection ghaftri9spdead of
the screwrotation servonotor 24 to produce a first rotation speed si gnal

i ndi cative o¥cTEWe2Q Isr%QS'tl'Qi'teéth@Nnﬁ%%ﬁimg_ﬂﬂ@ﬂﬁéy stgB thal ibistretatakler t or
11 is provi ded,uhfhndng §eandis F&Perﬂfézhé Jﬂﬁ&é’r“ﬂ Bgrréaﬁé’nﬁiﬁg 16 HeAfdn

speed of the inyfection servonD Cé a secon i on speed
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rotation spe | s .are sug Iledtot e control rticul ar,

[helt ooy SPetthe Bt in G ora sy faralh S omirtanes iranaiBagorhs
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configurati on illustrated in

he sake of rrg@ém ty and
conveni ence.and gpudieyi clnc@ihﬁrg/@f@ |tb¢156lfew BOﬁO@f@ﬁ’@fﬁ ] rB§U|tI thergestion f or

or 3P o 1058 HARTREY dePE R Y SetaPao@loB sePeifore: Gher

configurations mapueh§@ Hastisestioraendiidtetity pRdtseNimditentragmeis ttdpblegd i n
the art. Referring to I@ﬁl Wﬁ2A and 2B, description will|l proceed to the
6

screw 20 in iBehgifeating r 2 ahegd ofather sreewceQnaroelys op dharsideef Bour
sections: a a4 5¢C{ A gn 25 dereth gggg&@?%bmrﬁ ’caﬁ’i’ﬁlgé lg%h%aﬁﬁé ?)61 rﬂ%eedl g

section 20-3, and a hea section e feed sect
the resin po@ﬁerTh‘re mwltdn‘erdsm'pﬁeeadmf(tﬁegscrew)21 s thegofilled sn at mobdt (ot
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general | y const ant aneter along the length thereof and hel i cal groove
in the peri dﬁeﬁdacpe”saﬁfer@eumerae@resmepqiet@ateﬂr@lsﬂahml@%twes@f:tth%rb -1to

S CoThr SRS R 60 e s eal B AU RO B8R HRAIRELT

t he conpr esstherbasakcnrieesurao Thbamessure detected signal is amplified by a load cell
amplifier 25 into an amplified pressure signal which is then supplied to a
controller 26'.

Attached to the pressure plate 14, a position detector 27 detects an
amount of movement of the screw 20 to produce a position detected signal
indicative of the amount of the movement of the screw 20. The position
detected signal is amplified by a position amplifier 28 into an amplified position
signal which is then supplied to the controller 26'. The position detector 27
acts as a screw position detector for detecting a screw retreat position. The
controlier 26' supplies first and second current (torque) commands to first and
second motor drivers 29 and 30 depending on the above-mentioned processes

for each of values set by an operator.



, v+ 20 Decenber 2002 15 approximately half the volume of the resin powder.
The conpression section 20-2 is for reducing the space through which the
resin powder is allowed to pass, in order to make up for the reduced

vol une. This conpression can be achieved by nmeans of tapﬁgld‘ng ”1%{%09@

rod- shaped nenber 20' at the position corresponding to t

section 20-2 to nake the helical groove shallow. The conpression section
20-2 conpresses the nolten resin, enhandds an exothernmic effect caused by
friction, and increases the pressure of the nolten resin to push back to
the hopper 22 air FRespdmsrmaiiheg‘lrsyd:drrei'dr(tdquJe)r‘rmeramd Ehajfir‘sbh‘@tcbnckivgas
contained in r an cont am Cﬂ@fﬁle in the lten re rent
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section 20- 3Re§pmmmthegﬁwmdlmrm(®rmw§;) aomemehd] theveesondenoteatriggoove

forrredlnth a e n.re o large
Gheari ng 1 or 18 RtPRe 8o dpHh Braff ar heSel e hd EomBion B (kRS
tenperature mﬁtl’blm‘fg ané&ddml daviaghaurrar forasd iifjectiodh perdeistominedTagount of
the nolten resin is then fed towards the nozzle side in the heating

cyl i nder 21. sorﬁw-mé%tmmgewm Fhistrravidediwitly 2 dirstieneonet 81 |fW9d9§§‘étm%n 20- 3
to the ”OZZ|§f|%;tq"8t4§%np BFﬂxeté‘érgyg@tﬁloﬁfocaPM@kcyrezi kOB gﬁcréé‘ﬁréthe head

section 20-4 eck 'valve ring n the

vicinity of rtdt\@hdnetpeéarmgmldadicatw‘/élmffthgLfrret cotatioy stplaedrret_écewm,e phecess.
In this state, the nolten resi.n can Ci? %d fromthe ri g sec ion 20-3
to the nozzliglestiga seryemaptordd is proyide tht o SeFrNcheR erﬁ§ ﬁjf; 9@@ INgRe check

val ve ring. 20srDieiad P shBsy o 88 118abroLohibNf fb gosubesaungnal @

pressure difference a‘result, fen resin is prevented from
f1 owi ng bac kroéatmn $peed sngeahmziz:laélve iOdiéhe secdred rodation apeaskct Thenfiddadd The

head section,20-4 is,t or.ned, se aratel fr t he.rad- shap menber
20 The heatieseudih FoBLER | arbes SEREIS RS SAbBl Lo ki REE 230 on

t her eof . Thepd@iduiahapedirsEabaionXdpecdafetactean® Relfitstesttoder BB ds Usedforend

t hereof . The head section 20-4 is coupled to the rod-shaped nenber 20" by

nmeans of eng@REAPININ@aralationsnesd af dherEarewh2@he head section 20-4 with the
femal e thread forged,Lja & the exariplERoRRGG atidAMustted in Fig. 1 is for the

sake of simplicity and convenience. A specific configuration of this example
is described in, for example, Japanese Unexamined Patent Publication of
Tokkai No. Hei 9-174,626 or JP-A 9-174,626 which are hereby incorporated
by reference. Other configurations may also be used, as will be apparent to
those skilled in the art.

Referring to Figs. 2A and 2B, description will proceed to the screw 20
in detail. As shown in Fig. 2A, the screw 20 is formed of four sections: a feed
section 20-1, a compression section 20-2, a metering section 20-3, and a head
section 20-4. The feed section 20-1 is for feeding the resin powder from the
hopper 22 (Fig. 1) in a solid state or a partially molten state. The resin has
temperature which is increased up to around a melting point at the feed section
20-1. Under the circumstances, the feed section 20-1 typically has a rod-
shaped member 20' (Fig. 2B) of a generally constant diameter along the length
thereof and a helical groove in the peripheral surface thereof.

Supplied from the feed section 20-1 to the compression section 20-2,
the resin powder comprises a lot of resin grains which are spaced apart from
each other. As a result, molten resin in the compression section 20-2 has



r od- shaped nmenber 20'. To this end, the root portion of the head section
204 is significantly smaller in dianeter than the rod-shaped nenber 20'.
Now, the description will proceed to a conventional back pressure control
met hod which is disclosed in, for exanple, Japanese Exam Pat ent

Publ i cation of Tokkou No. Hei 4-28,533 or JP-B 4-28, 533. 2@}1’3 SRR Bhal
back pressure control nethod conprises the steps of converting a retreat
motion of an injection plunger (the screWbh20) into a rotary notion and of
controlling back pressure of the injection plunger in a charging process
for nol di ng rapproxiatately Mfrtheodolumg of titeateisompdweler. c T hf comprassicar seationi on.

Speci fically, S ) he retr ad not f the injectia | ynger,
corew shat 12888 Rt bR ol (RRAGRIMNBR R apain o o AlaRel 19
nechani cal |'y M”ﬁ?b@értt@nﬁhk@mﬂor%@é Védl&e@sdoﬁ’urhéCkTﬁfs%@#br%sﬁ@Wdﬂ ber for
controlling rotational force of the screw shaft. Control of driving force
of the notor a@re\m bmne;ans @&ta@erregdbacmdxs@ﬁpedrmgm@eérawabﬂhe pegitianir e of
nol t en naterl fo S ger
dur ng t e ciiaraors SRl Le S pEs P ee Phikadb ah e i PRl Bl one

i ndi cative ofshadiew. prmttromméssrbﬂ saytiont 2042 Powuessendné endhatkesiont r ol
is carried out so that the back ?fressure of the injection pl unger has a

pressure det eéenh@dwanmeexmh%rmiee gel crusedi ifrisien Anginsteases E%ﬁﬁ%ifr?d“'@al ues
at a time. Fig ﬁpﬁmﬁl f to

t he conventi ona bac%wlregghsure coéllatcfrkgp tﬁ?ﬁbbpgrgg,%lﬁt'ﬁéﬁégg%ﬁ% a an %ﬂe
ordi nat e reprmeemrear’udcvcdatrle@asmtamed in the andndmhtammahad ie,the molten

t I I K bac trol dj the b
control i stiBSBa A% BHDPAGIY REAT BRatE-Je GoRs NEsh ISHET 4] BERIE hi 1 o
fixed back prasmUsdsSQ@eHHe hiHeas dve) infRe c%'ﬂ‘?br%sréh%e‘éﬁb‘ﬁbbm set in

accordance with the screw retreat position an operator. In this event,
the first fixed bable peésbaped cmﬁfimgﬁd 2Aalhas #hE lasgestsdiameder imeé sgiomd

e S (N SR R RS
pressure conmagdhedbwest heidal growyerfopineerinfthsaddaipenr @eribes 200MTRNgl val ue
depicted at a broken.line may he set in accordance with the screw retreat

posi tion. | n MBI RS 'Scil-rtﬁ%ﬁ?dé@ lagge shepling foeq b thy meteringeention20-

controlled s hat qﬁ% e

coincides wt ntdoi%ehé%lg ﬁé Frﬁ tgmﬁqp@gggﬂirﬁeé%%qm%n% ﬁjezgﬁ(ggeé@t I re. The
descri ption wA prqmetemnded amduat oétheomoltey resimis thersteaigﬁewlaad&trprrmle e
setting is re |re entlrn V\naé be directed to inmediately after start
of screw roteﬂ %‘r”ﬁsfty %ﬁj? 'on and nmetering process. In this event,

i nasmuch as the rertrreeretedirry@ﬁhefm@lr@w i WolRathewmetkriersuttion @0-8 td the i ent ly
high, it is necessary to set the back pressure so as to have the first

fixed back pr@gaierude impemerned m«somh a'pesk Valveding 20-vplthebead seEtiaRi on
sccurs ' Dbl Y et U a5 gLk BRIF 1 P 1 20

resin is not Iafehasdfs‘ide:nreltrué ﬂgareewenhg the heetéeregl psecdsson R6hid s@dtet kiee scr ew
20. Thereafter t hat the screw 20_nor nal | rts to

retreat. Undéfol qﬂereér”'r E%Eﬁgﬁié@m the MeLRrgRRAtop 2053 ¢ the Zﬂ@s fe second
fixed back pressUrﬁté??ﬂ?%ﬁrp‘?’é’ddﬁ%f‘?ﬁe'ﬁetéﬁﬁg' gr@é%ssv‘gﬁé‘cﬁé& %Qb@at
e hor t en t

the feed section 20 screw 20 has a fective and it
results in deeowessiotetrightthandeside frbtheeflg;uretheeagse@ﬁ/aznreSWe drﬁarwnewhy t he

f eed section 1 of ,the sc 20. has the.s ffect n t hat
Lhesorow 20 A8d et Ife BN &0 I8 Retbintgd o Bl b2 488 kol d "2
fixed positi opzziecsids b M metdring §edﬂ@ﬁe@sar YTh@ heag'seasén bbes r@agﬂﬁcanﬁssur e
in response to the retreat force of the screw 20. Attention wl

directed to ifonved aemryteirefr@rrethed@ﬁrsétap@d reembee 2p|. asthechead seatioand-4

The rotat | on eneadge tiEed FhedoR e p oo et Toeou i e rom

retreating oyesmbet 20'dris. a fémeiie threadeformed snieh el thetatdN TRe hestbeafignso
on, where the screwretreat is easily led intgQ a changeable state if the

rotati on sped8-bfs ¢apleg tetierodrshapsw. MARBSF dOny vrearn@ of gngagivgdaeynalg
| he b
| ower the agrfretaﬁ f?ﬁ%(? J@?@Xﬁ%rﬁ% toH 50-21Gith He feifa ?ﬁr%‘é/drfgéﬁ rHrggS 2

illustrated pressure commn val ue



As s apparent fromthe above-nentioned description, for the conventional
back pressure control nethod it is necessary to have an operator who
sufficiently appreciates a specific characteristic of resin to be nol ded
and to carry out a nmulti-stage back pressure setting of ree-stage or
four-stage on the basis of this operator's rich experien?§§5EQQEE§hﬁgp S
the fixed back 20 Decenber 2002 18 pressure conmand val ues are mutually
related to the screw retreat position, ol ding work nust be carried out by
repeatedly changing the fixed back pressure command val ues until a

conbi nat i onred-shaped merdbbr2®. piTedkisrend; tmeveorwd poatiaresf the rad sdxdtionfad)-

i t chi Ltions d di .on. th Lt . AS t, tti
or k. of 1 he Ja8 HAHABRAoN Re 4t Pigmars fAng Mo naPeequs PEET &l i bot h | ong
L e 1 nterval Nl iHelieddnpih il bcEBA 608 2nabANGnal RS pleguied i 0.

4, the description will procee _ pressure control apparatus
accor di ng t oatreli methoshwbighrie disclssedhin sfor gxamplan/apangsabxastingthPatet a

cont ol apperbTbERLATTOREE 09, BREr2BRa g RE s, T BIRTRHG
section 42, babe presdurgrastitl ensthbe Godfpridhs theesteps ey qaonvettirgnadetregt or 27,
and a controller 26. The | evel setting section 41 is for setting a back

pressure coftation ekaa|injgetian ridpgert (the scRRWpAbKni asolary. MeHeN |adgep! set ti ng
P oral | el G oo '

control | evEPREYS RokibHss 38 ofthp MleckBh cfifidetiin & phetfmEplocese®scl, o,

42. In the nwidieg wnatelianidyl coetroiiegcretations! fdveedes ctheptrotary pmatieeds, the

det erm ni ng_section 42 detern nes, on the basis, of the back pressure
control | evSPecEoall, respansive 1o i e kPRI MARIRLOLN ARIESHPR PRAGET. A 86l o

command val dRahbailes ONt hdI4eHSY %hﬁﬁgﬁ&eﬁr&%r{chpbﬁ%ﬂ%hicfhois%éﬁ!lﬁé*ﬁi’célf‘} reat

position. The determ ning section produces a pattern signal indicative
of the backcpneesied dopamaphserving pata bank pregaure condiafer fardcaniraiing

and the det SAIRATOLEE e SubDERIE" COuRY AV Brof R b hRBE ke Tr
unit for preaaiddngutifiea fesdb aokahtior spsterewRed brestarPertinolten trigtesar ew
retreat position. The back pressure detector 18 detects the back pressure

of the net ePEdeH@Rt Eice ddirustwioresinok e Huegtiongpiipgengiringithenghargfonet er ed
head of th , k i
"nd cati ve BIOESEsebicBliy eGSR 43P SLreieBaRk g 8 MEIERE Rdc o

I ndi cative ack press ack pressure
signal is spmssusziof thetihgctionplidezandGettibacigborntied isopiriet cut se3haflthe screw
position de

produce t hegggl% gg@%@f?é&ﬁ%%&%‘?%&# E’Iég%{:? Ogisériﬁgg{rgrqﬁtﬁg‘gtﬁa?r gv%%gfqth‘g screw
retreat poskcdineides With 66& @Npressure command values at a time.
Fig. 3 shows an example for setting back pressure required to the
conventional back pressure control. [n Fig. 3, the abscissa and the ordinate
represent a screw retreat position and back pressure, respectively. In a
known back pressure control including the back pressure control disclosed in
the above-mentioned JP-B 4-28,533, first through third fixed back pressure
command values P1, P2, and P3 are usually set in accordance with the screw
retreat position by an operator. In this event, the first fixed back pressure
command value P1 is less than the second fixed back pressure command
value P2 and is more than the third fixed back pressure command value P3.
According to circumstance, four fixed back pressure command values
including another fixed back pressure command value depicted at a broken
line may be set in accordance with the screw retreat position. In addition,
current or an output torque of the motor is controlled so that the pressure



20 Decemrber 2002 19 retreat position detected signal is supplied to the
controller 26 via the anplifier 28. Responsive to the back pressure
detected signal and the screw retreat position detected signal, the
controller 26 carries out back pressure control in accordgnce with the
pattern signal by nmeans of controlling the injection ser ggember 2062 t he
notor driver 30. Set by the level setting section 41, the back pressure
control level has a value given with reslpect to the back pressure. The back
pressure control |evel has a value which may be an average val ue of the
back pressur eetected valueragrecided wih anecofttbe dixeddnaick pnessure abntrhand sakies
pressure. I-b\AﬁVﬁ{é‘? the value of the back pressure control level nerely
represents a®h@rh¥-cal value as a criterion and may be, for exanple,
settable to one s o i ' e h i rical
value itself is ng{th%i E&%%r{p&%ﬁﬁﬂ&%?%éﬁégaﬂgﬁ ?ﬁgohgg%%o?ﬁ%hgaggc%%fessure
control | evepressuge isattingpsgeguired.pahttention wilkipe dirpotedantimmedistaly afiet he

manner which w|l, presently be descri.bed. Referring to Figs.,5,.6,. and 7 in
T el ont o elist ot S ERTlaboR AES AP AT Bl bibcesy ciltnie vt e ne

produced by iini@ireagitty Rgreaeedrc@df #e strewbaskwad ecBH® N gt sufficleAiRs Ci Ssa

and the ordinate represent the screwretreat position and the back

pressure, re8j@tilisargessanyto sekifiglpack ArEsEYresacRs forkavsuthe fiat P@ADIHKL when
the back pr eigégs%rg egltr{)ngécq(d géﬂﬁle pet ﬁ'}’l% §§]§eé%l§‘§l \ﬁ@ﬁﬁ%{%@%&%bﬂ%cﬁaré s I ow

Fig. 6 shows"a secon TeSsure pattern en pressure
control I evein bebbley withén ke edsirs @1 thenigeliat graovedds the soeelv B0 oFihg. reginshows a

third back pressure pattern PT3 when the ba pressyre contraol .| evel set by
Lhe |evel - soliBPRGY GEBAHSH (R hpad RPENPN Pa-4roiise SR AB NG roundh FerYatne

first througguff{&%r&l icrh@m}étﬂ%tﬂ?é ?ée%é%ct%?édé”l’b?tﬁ’%&ereWZ@. and PT3 is defined

by the screw retreat position corresponding to the start of the screw
rotation and t he Fbeerftert itewill tppsissumedctivat éspecBw @ aotrhallys stastsoto t he
screw rotation. Specifically, between th rew,retreat positjon between
The start of MRACEANer Bl T SATCTHOULBE RACKTESSUrires L SHEoS sor ew
movement st r aked back pRERERNESRNMBhdvalll P Sierreduiray e Mpith thkseléy kettéatdi vi ded
into a plurality of divided stroke regions as a unit of L/10 which is

one-tent h astheifegd sestion20st péibenssrewssl has psberteffective leraibmperit rasofts 20 | n
t he exanpl e j I r t r l | Vi into
first througﬁ??ﬁehggﬁ%\ighgzrg?%ﬂ Eﬁgeﬁéﬁ%vﬁgp{q%&,ﬁ%& §2h \'g dgte5¥%?11dt he

?r der hi n whi séct%dre%@-drca‘\/the strexa20 hasithe shorteffeative thgth sihat ﬁ‘teasctremﬂii ti ﬁn
or the start of the screw rotati tq a stop position for.the stap of the
sorew rotati Bieamas aridle anpushdng idher fs k lcelebal & pistEoselbens L1
and L5 has apAkes@fidyy 13 neltesSarydo eRrd e the k| ssurasn téshoekay thRvenment
stroke L. The first divided stroke region LI is called a start divided
stroke regi oretrgdtifercerad the setewd2@i ded stroke region L5 is called a final

di vi ded stroke redi : - - e t LMk sfroke
regions L2 and L4ﬁﬁ§@nggﬁgﬁd%%d%%?%%Fﬁﬁﬂgﬂﬂgga%abp%gﬁ%nggé%hgﬁgg Q? t he
screw novenepfastitizatien bnd Mstedng procedisvi dethis bvemte corpolds noPmialy neiderred to
as a |l eading divided stroke region while the fourth divided stroke region

L4 is referr 893630 48CEasealFirRipligNIRASS &fttnei1asTewgOdR . ordeito Pievanting ded
scr ew moyenene % 29y B b o aEt | Brg IS ToER) SHef e R RE o5
i nt er medi at eresirvadeédosdm, okere e screw retreat is easily led into a changeable state

if the rotation speed of the screw 20 is low. Accordingly, it is necessary to

lower the back pressure acting as resistance of the screw retreat, as illustrated

at the third fixed back pressure command value P3 in Fig. 3.

As is apparent from the above-mentioned description, for the
conventional back pressure control method it is necessary to have an operator
who sufficiently appreciates a specific characteristic of resin to be molded and
to carry out a multi-stage back pressure setting of three-stage or four-stage on
the basis of this operator's rich experiences. Inasmuch as the fixed back



As‘'illustrated in Figs. 5 through 7, at the first or the start divided
stroke region L1 imedi ately after the start of the screw rotation, each of
the first through the third back pressure patterns PT1, PT2, and PT3 has a
vari abl e back pressure command val ue which shifts from azaﬁo%kmsure
command value to a start | ow back pressure conmand val ue! €¢ & or
the | eading divided stroke region L2, each of the first through the third
back pressure patterns PT1l, PT2, and PT3l&has a variabl e back pressure
command val ue which rises fromthe start | ow back pressure command val ue up
t o a nmaxi numpressurprosssuerd valnesnatevaltiually Atlatedetotthe rserew rétheati pasdromedi at e

di vi ded strok i L3 h of .t irst th h,the. third.b
Datt or ns. pra.TekB, Rre s ase' siad Sul bvileppalstiensBSiog ik RS baBk v o
gently falls greedurkh@rimandUaIbes kinl @SedhBinaeNRITdhE ixed] bacla prstuen back

pressure command value. At the fourth or the trailing divided stroke region
L4, each of tesmandvaiuesoaghitable foniswitchiagioositinnsudepgnding pRsheseewT2 and

PT3 has a varj back .p ur e i el atively upt |y
Fail s from t S LA DA D RoSBlre BRahant seliberonst Flestehiuehing
pressure C0mma’@hir«@'re@ire%twbh@bdthfléﬁ%ﬁfrtiméentéi'\fa?ﬂandihl@ld@dsl@itl,raié(mehﬁch@@ LS,
each of the first through the third back pressure patterns PT1, PT2, and
20 Decenber 209¥e21 PT3 has a variabl e back pressure conmmand val ue which
shifts fromthe fi q ress iefeanipcle

pressure conmand Vﬁg?%&ﬁe@}ﬁﬁ,&%sﬁnpg poggi V?Jéé%ott‘gba[a%%ﬁ{ phée&%g%k
pressure pat tcentrohappagatubeaseordimigl & badkspreadsdimeabrofatids iavemioniirch
conti nuously changes wi.th the back pressure command val ue | ated to, the
corew T et rexCOBBIEPBAME 2 MGiogRgkel dNBCLY FESIBEJRATENeAs TERGIFIASE go.
Lhrough 7. camlkairesSirel bftroll Bpoatalld Bniohised DacleletRdBcRan L1 ne PTL.
PT2, and PT3 has 'a nountal n-shaped portion except for portions

cor r espondi ngeterminingf $eationaddl theebddknptesalina detectarr & ethecggrewspaesitiemd L5.

Responsi ve tg_the back essure.c rol level set by the level setting
section 41) Fﬁ&eﬁ%ﬁ#'aqrﬁigﬁ%&a“%r%'i on of the back pressure pattern shifts
up and down al ong THedev&lditigsedtiin 4 hisSfoPBERiIPGE badlep AREaFttRY IGRAL I on
42 includes a nmenory 421 for prelimnarily storing the nountain-shaped

portion of tNEthyESREETesEEMa éitrﬁé?tﬁeasTﬁed%ﬁicﬁ@fﬁg‘&éﬁ@i%ﬁhpfﬁﬂceﬁ@v, t he
description yidy s@{ Qfgﬂﬁﬂirfg@cﬂﬂ%r&ttherba% aﬁr@?s@é%rﬁ(oﬁé\}&l.e ?Rﬁ‘ié\{é'l sef
edin kg 4. A tor Ti the leve

apparatus illustra n oper rst operates
setting sect s@nalis soppiEceta the deteehinimy seotiprsd2t | on thil meriner ehicia gl

pressure con%}rol IevEI. Th:-t | eyel set signal .indicative of the ack4:2
pressure contFEPMe &l &8 Uﬁp FRAR8N: R C&@fj@'_r :%iciﬁie%‘_@mgoﬁeﬁ n 4
Responsi ve t getdrtingy,&n $helbaxigopihe Bavk et dinm| f8&l | PPadeprabardn nes,
on the basis of the back pressure control |evel, the back pressure pattern

as i1 ustrat eattem baysg apvarighie §ack pressure gomenanbvaiyetwiiah spgiirgously

i ndicative o q The . t I . hed to
the controll EPLIQQEQ%(K% rgéfrjj%é:tgé ?e%\gglé{s?e%tl SO '@%pﬁ%d%ﬁ?ﬁh"ﬁ%@@whf

posi tion det pm%ctesiagpaﬂten;\rw%mtihﬂieaﬁie bhmle_sb;;rokvprggswn?atm%i t‘{]hm phttem t he
screw position fector, t hr ou e anplirier and wwth t pressure
detected si gi&na M%"ﬁééoé’?e Pﬂgtr%‘iﬁflgepr &Y Sy datfe Aerebington 8F ﬁ?eolﬁlvﬁhe

back pressurgegﬁb%ﬁ%nl& %@yotz'\%gdétgﬁnﬁi sbLtdn ggrve ?ﬁg'ﬁédkepﬁe‘%s%ég screw

retreat position”indl cated screw position dete sl gnal,

control | er 2patter prepadog umitchar prapssingehe dack pressure ipattetrhwitb aespqunt éssur e
detected val ye coli nci ges Wi t.P t he vari abl e back pressure command val ue

i ndi cat ed by SRCTEACR rﬁﬁé@gﬁ' 'gnpattern that corresponds to the screw

retreat position. Thaepatk GRrbistret deteE@Mt 1®!detécts theeBAKInEESs LiRe CoFf fHRNT
screw retreat position fromthe screw position detected signal detected by
t he screw poglatersd molten pesjamtidin theoizeating cylinder 21 that is metered ahead of
the screw 20 to produce the back pressure detected signal indicative of a back
pressure detected value. The back pressure detected signal is supplied to
the controiler 26 through the amplifier 25. The screw position detector 27
detects the retreat position of the screw 20 to produce the screw retreat

position detected signal indicative of the screw retreat position. The screw



22+ detector 27 after the screw 20 begins to rotate. Subsequently, the
controller 26 conpares the back pressure detected value with a current back
pressure conmmand value in the pattern signal that corresponds to the
current screw retreat position to obtain a current press§§§%differ§%i§

bet ween the back pressure detected val ue and the current

command val ue. Thereafter, the controller 26 controls a current or an

out put torque of the injection servonotot911 via the notor driver 30 so
that the current pressure difference becones zero or becones approxi mately
zero. |n addi rteitreat pasitide sleté dbedi sighalis, suppéet & khepcardsaliee 2patia erenamalfiehe

final | b t t fifth o f I
Stroke regi ortdh RESRaTE Te back misertre B e g sibs epddne P ow 20
decreases at ;scmucfd aéﬂéc&ard é@ﬁalf tﬁeaéorﬁ!rdneﬁ% c%?ﬁ%@uf@&k%keb@retéﬁtﬁ)ﬂrﬁw

retreat is not changeabl e and the screw 20 does not race at this position.
Al t hough t he @¢aosdande withhthenpattemt pigaal byemesns okfecortyoling the injectign have

| engt hs whi ch four-tenths, two-tenths, and
one-tenths as ‘%ﬂ&&gp"j fﬂéqi%@%ﬁmeet#?& stroke L, respecti vely, in the
above-ment i oned endechyetievaiaetinf sédtionf4 1, she bbél@pﬁﬂfssw‘@cbmtfrcblhe@bl\ﬁa@d
stroke regions L1 to L5 may have a |ength which is suitably selected. As is

descri bed in a:@s?quuergiverbwﬂmrew@t@o the bagk pressewny drite bRl Pliesswre sl r e
| h
Calues: {he fovelis £OSRE MICAITY 5 an alefine VBE ML RLERRSELOTERTC

fstartCI gf icrea/verragewam ofn%I aotal otk amoaht oﬁtmldadﬁpfsssmnge prld?weser uﬂnf tE| rd
| Xe ac pre sSur n val ue P |atey erore co etion o t he
ol asti of zat | ORI %eawee@@%m%@e ¥ Sl FBRRFSENtect NEESRCBH LR o
command val ue,# emér.'aa nd 87| RFIEMAR] B FIH BUIGRIRE RS

Pref erably, e operator nust four back pressure control val ues
as il ustr at gdimerical vablesr0 throeglB9Fi @’hemunnenmﬂdatueoltselfals noégapdstam

avi teh ng posDetBRE Rt betasin S b atesn el BriigivRL 4'¢ bHfR B Sure

experience agpdierhdy dRenpitattelghehhen SpeemiaABer W&Pﬁﬁ@hywﬂlcbﬁé@em gl
kneadi ng, goes snoothly. In contrast to this, in the back pressure control

appar at us acc®s8rBedt o the first embodi nent of this invention, the operator
may set only onetﬁgflé opt S40 tting
section 41 and then tﬁrﬂ{ge Zgﬂ’ggéé’eﬁbée@ ng%ﬁgggﬁa@ﬁﬂgrés@ur&ﬁghw@h rvﬁlfs

aut omati cal | prdeew to hack prespumopawnbprbhecatbbpnm detagmmngmntndﬂﬂn n t hi s

event, the oper tor fir t set the ba su contr | evel

Cow ahd subscdlibies § LaHa Zang Rbstiasa a0du8 GrEPElsrepirsaris Spw relies
consi derati Ofbo%ftno%oaﬁdtth@nﬁaékf préRufe!t Feapbcely.NeFige L Whels Sifpstesadd 9as
di scharged fromthe nolten resin in the nose portion of the heating

cyl i nder 21, Peesgsedratiern e waen the Q@@h PRBSIUre Soatrol lavel sekby ihe level
conpar i son W's%'ﬂ n?ﬁ%‘é’cﬁn’&%'ﬁnﬁllo@et? e S\Mm{‘% %}%Ec&#&b%?ﬁ'@ké&%@h&@g@érnt fi xed

back pressure co ues and i'ng posi n et weeh and a
hi gh | evel ofwisdn tHe bhek poéssuuse cohtroleleeeb astyby THee ldvat Isetﬂnrgssadtnenwrlﬁs ol

apparatus illustrated. in_Fig epares or roduces th back ressure
pattern havi rﬁ@ec&iHW onie ?rtﬁﬁ‘ﬁt”él?l t’%‘ﬁ‘gg HkpR5F§ YR Patiesn B £cRaG essur e
pat{ or n Nas BRedeR82ohKBRL0L JRuLAL v eaffgnalclibh R i nE"ﬁ er the back
pressure contro arat us re- or e the back

pressure pattern ma‘ﬁngug &ﬂm@ épemh of the ﬁrspthroagln Itbe d'ﬁrdTbanK priessateaped
portions inth man I wi |l __present] b scribed. | n other, words,
the back pre§§1 ﬁbmﬁﬁﬁaf”ﬁiav f”{%‘ ‘/t SCERW istigehi RRslipthed
portions. Refc@FrébBSncBlﬁg b the &antéTQhQ%Ferw Rith§oh ‘é’hH 'thé’é@r‘“e@\ﬁﬁétrte‘ét POE’I%H

pressure control apparatus according to a second enbodi nent
i nvention. Tnerresm@dmgttedhbam pfh‘@aw@mcmtehm a@p@m&wlﬂy bgtwﬁaﬁ ther in

or esour e contriw s Boslion tween Uit SBHEShE sCrely silaldS i eheRlad .ot on
43 and the deiessren rrwat&ﬁ»ctalsvaewsrn@mhémesircfkreqawréb@tsehtéd@}[r.atwde isBrevi 9- 4

as will later becone clear. The determ ning section is therefore depicted
at 42A. movement stroke L is divided into a plurality of divided stroke regions as a unit

of L/10 which is one-tenth as large as the screw movement stroke L.



The sharpness sel ecting section 43 is for selecting, as a sel ected

shar pness, one of first through third sharpnesses in transition fromthe
start | ow back pressure command val ue as it approaches the maxi num back
pressure conmmand val ue. The term "sharpness” is used in %ﬁéﬁ eC|f|cat|on
to mean the rate of change of the slope of the pattern. ?? e@ﬂﬂﬁbness
Is arelatively abrupt sharpness while the third sharpness is a relatively
gentl e sharpness. The second shar pness i40a medi um shar pness between the
first and the third sharpnesses. The first through the third sharpnesses
define first throdghthehexmmmhemgnmgﬁaa@@ ﬁbetscesﬁ\y mpé@@@@i.&&r@m The

first mountaif,iqeq lnt%QIrgﬁﬁWflfﬁﬂg%Cﬁe Pd?{s L g.% |9 Qﬁd‘f_ﬁgh”at ion

a relatively abrupt sl'ope m)un alns portion

confi gurati ortha dr&éramlwmblytlwmdew @Itr@pepoé" tien seshiftdd rﬁmmmaastaﬁspbamed fporti on
has in configuration . a nmedi um slogﬁ bet ween t he, re atévelg l?rlggt sl ope and
the rel ati velthe a1 tBe sissew TREatORAICHA SIQP POsBION i9h tae SR PT 4R SCBWices a

sharpness sel gg&%ﬁ S'E%r&ﬁ'of'tl'ﬂé"fos'i“-ﬁn}ﬂGEaeffnfthﬁvnaget SfrbRé ré@%ﬁé’ﬁl@sa%d LTé‘ﬁas

shar pness sel ed signal is su ermning section 42A
Responsi ve tca telmgthsh&rmmbmh |sehedEBﬂhssasgiaage at hiee deteav morvengarrtstrbkerh. 42A

det er m nes, th he bac res re co

pressure patt Mﬁa&?ﬁ@seé? CdRHBEN ﬁ féﬁﬁj?@%mﬁﬂé\{@?ﬁgmwgﬁ'e
conti nuously tﬁ@@l'ﬁﬁ%ﬁvﬁéé @trbﬁé@@@bnl@ ig c%ﬂé@\é(ffﬁ%q Hﬁﬁ’i’ded)é?t%lié fyioM tHgcHRNNer
which will becone clear as description proceeds. The determ ni n%é

section 42A p;:fdh@@@@orad @aﬂttbeﬁogﬂ@ﬂw»demmr@b@ regions Ler@dohémapraam

B oni nat i ool S Lo Bf-sultef W5 ek b nd sEp BB el oo™ ©
section 43, ardohbelivideerstioken@grerclds rdfirddstoonsra daelip dvidsr ktrok@ssur e
pattern preparing unit for preparl ng the back pressure pattern with respect

to the screwreaionewhilg e fowth d APk regionhet knrafepeddereadatiing ed
s gnal and t heiaEE SHokEvERRh PIALIHRTRRISELRAANAN Latue £RALIPMAD 20

carries out bac ressureée”control 'in accordance w n signal
means of contwhith usmgourhtenthm estiarge aethesotew rrﬂol/emawttd#mkeolr.orThis itviea 30

Ref [ to Fi.gs. 10, . 11 i ddi.t | t d t

Wi proceed PR sbhe csafpLoyd collefEnHistinetiae shidet ko 8o sect on
42A. In Figs. 9 thxouabtrdtéd ik ’F‘igbsa@tﬁt&ﬁg% Angt the&irfg¥itR@baart gRIR e okehe
screw retreat position and the back pressure, respectively. Fi ?’@n 9 shows

three first wagu@nptpbggmeélqsalfyt%ftaféheastartpéﬁh%@r:w refgtien.ppaasaf eplist er n

PT1A; a firs a lL.e. back
pressure pat ?%@%ﬁ*@@#&?‘gfﬁ@ﬁga@ﬁg}r tétg rﬂsr E:Fib%rzbgﬂﬁj?vfeq F@et q@?fatbﬁee | evel
setting sect ibackddressurecicatmimahy Vadwe thugh shifts lions 4 lzeee tm:kopcbslsaoé(
pressure patterns

Ted am back. (SPEYSARE VLEL B BTARY RHsk RLCSTBRITIBADY Y2bifok Ad M8 SBRTNS

gggt ?[-,ﬂ lefgwn}gﬂlletaaﬁ\ié&iﬂ&f SN RGFANLS Badreyhe 388t tRXoUghank &Xikd bagk ti ng
pressure patterns PT1, PT2, and PT3 has a variable back pressure command
value which rises from the start low back pressure command value up to a
maximum back pressure command value. At the third or the intermediate
divided stroke region L3, each of the first through the third back pressure
patterns PT1, PT2, and PT3 has a variable back pressure command value
which gently falls from the maximum back pressure commend value to a
medium back pressure command value. At the fourth or the trailing divided
stroke region L4, each of the first through the third back pressure patterns PT1,
PT2, and PT3 has a variable back pressure command value which relatively
abruptly falls from the medium back pressure command value to a final low
back pressure command value. At the fifth or the final divided stroke region

L5, each of the first through the third back pressure patterns PT1, PT2, and



20 ‘Decenber 2002 25 11 shows three third back pressure patterns: a third
abrupt back pressure pattern PT3A; a third medi um back pressure pattern
PT3M and a third gentle back pressure pattern PT3 when the back pressure
control level set by the |evel setting section 41 is relghkyel hi gh. .. As
shown in Fig. 9, the first medi um back pressure pattern &4 &' ds
to the first back pressure pattern PT1 illustrated in Fig. 5. The first
abrupt back pressure pattern PT1A has aZiaxi mum back pressure comand val ue
which is higher than that of the first medi um back pressure pattern PT1M
The first geRTBeasaxkatakie back ppessuse gopmanthysiug wiigh shiftstfaen the 858l e

pattern priney Padlpledslfd EomiaB /g RE pbbk BlesBEs EqhRst BAGE " ©
illustrated in Figs alf@scflfit Bspunsitse to obten sieeback paslsupy pattemehauadg tren PT2

illustrated in Fig. 6, The second abrupt back pressure pattern PT2A has a
maxi mum backvﬁrﬂ%@g@aékmﬁﬁmmm@%&é’ﬁw chicgRiBpUQYshhchangesovith ii® second
nmedi um back ; L tern
P26 has. & neer R Ra o P Ve (ORI A LR HostionST & R
t he second niedomencbaekpemdswere pattern PT2M Similarly, the third medi um

back pressure pattern PT3MJ || rated_in Fi 11, corresponds, to . the third
back Bressure Bat éérsﬁ’olb‘f‘éni 'g%g_’ﬁ“é‘?@ Vneﬁ?fb.gftf‘.e ffﬁg{hﬂ'w&ﬂ{}?oﬁhﬂﬂtb%%ck_
pressure pat pRis3yRIFAdIAS W1W%%hﬁﬁ§ﬂ@§%%ﬁ5ﬁﬁtaﬁ9§%% Makiop aMaeph IS

hi gher than that of the third medi um back pressure pattern PT3M The third
gentl e back foreostions gerespondipiie thedirst ancktheufind aiwded stroke ecegionsrhid val ue

Each of the £19 L6 1 RERtaRSVRL fid Soka LR o B SRLbp b Rl ol
PT2A, and PTgdetivnss 1,Re o @itamoshdpddpeiianest thebackipredd s Wattern engls of t he
first through the third nmedium back pressure pattern PT1 M, PT2M and PT3M

has the secowl 3w ﬁbﬁﬁébé@@ﬂﬁﬁgrﬁo@hiﬁ pEpPse, tagdetemining seation

O e R ARSI Syl BRESLELRATIDSEHRG (REBu I RGNS ! e
43 may sel ecpottibe dfithiebashprezsasspatietnhas astariaed cohfigymaties. and the | evel
setting section 4&1o§v,ettk?e %escr?p(%io?\e\?vﬁpgl%rceégot% operation of the back pressure
control apparatus illustrated in Fig. 4. An operator first operates the level
setting section 41 to make the level setting section 41 set the back pressure
control level. The level set signal indicative of the back pressure control level
is supplied to the determining section 42. Responsive to the level set signal,
the determining section 42 determines, on the basis of the back pressure
control level, the back pressure pattern as illustrated in Figs. 5 through 7 to
produce the pattern signal indicative of the back pressure pattern. The
pattern signal is supplied to the controller 26. The controller 26 is also
supplied with the screw position detected signal indicative of the screw retreat
position from the screw position detector 27 through the amplifier 28 and with
the pressure detected signa! indicative of the back pressure detected value
from the back pressure detector 18 through the amplifier 25. Responsive to
the screw retreat position indicated by the screw position detected signal, the
controller 26 carries out back pressure control so that the back pressure
detected value coincides with the variable back pressure command value
indicated by the back pressure pattern that corresponds to the screw retreat
position. Specifically, the controller 26 recognizes a current screw retreat

position from the screw position detected signal detected by the screw position



261 ow back pressure control level. In this event, the determning section
42A produces or prepares the pattern signal indicative of the first abrupt
back pressure pattern PT1A as illustrated in Fig. 9. As another exanple,

t he sharpness sel ecting section 43 may sel ect the second hﬁé ness as the
sel ected sharpness and the | evel setting section 41 sets@ g‘?’ﬂﬁﬁbﬁ@@
pressure control level. Under the circunstances, the determ ning section
42A produces or prepares the pattern sigd@l indicative of the second nedi um
back pressure pattern PT2M as illustrated in Fig. 10. As a further exanple,
t he shar pnessdstectrtd7nafterdbeiscrewt 20 eegirscicemtatehe Subsequerttly; threesanteddler he

sel ected sharppess and the, | evel setti section 41 sets hi gh back

ressure cont PBICOMAREFS Iaba el Bressuie G ERBCNA a7 M 4 EUSEa Ak PSR Poduces
or prepares tBemArdevAusiigNRe p'a_ftéhﬁ@a‘?h!?tr@‘t cbh%_sgbhagi tA Y b@rréfcCicrenessur e
pattern PT3G as illustrated in Fig. 1I. As descri bed above, the determ ning

section 42A negirgat asdroto pbtgiarae cutienparassture diffgrance msatwaen ee dfackhe

mount a1 n. shapRi phi el ahg e £ B Proseté ollfE e 1o
a speci al charhgfearftest the ednttdiler r28stontrsls ke caprededr afpegtolit tatLg, ofahkeention
wll be directed to resin such as ggl yam de where a raci ng phenonenon

easi | y occur sinigftioResesveraptard! 1 via thaimotey dnver 30 sosthabthescyrentiRipssyen
resin to nake C oL i-p PT1A, PT2A, and
PT3A, which h%‘?gge#% 6&%@?@Eé@r%éﬁ%@n%é%%m?ér%ﬁﬁéﬁg' start | ow back
pressure command vhl additisn, 4s deguridadrabvehthenbackpresbackpaitees hasehe dimabnd

FR TSR MR A R A R e B
L3. Attentl O”L?‘." | A laereg}m,eém?@ h%é%ﬁaﬂ ﬁ‘é‘faﬁeé%fﬁ% Y61l 20 bb&reaybadt pe
ABS§ po oﬁ 0 e?l h

styrene resin , pol'ycarbomate, ol efinic resin such as polypropylene,
pol yet hyl ene, fifsindr il inal yivdded stonkieregior L, theuserewretreat istndt shangeatlary f or

h int h f.t . tl | i ip PT1 G
and PT3G wihi 2N Hie oG EpEE BoBL RATHER RIS o rStroyal e it HiEueb RS aci
pressure conmffildividadestaske tegidhy I0RENES Have |aRythEwWRibiaake Bhe3snthe, Gmand
val ue at the Ieadln? di vi ded stroke region L2 and which has a gentl e sl ope

with the retriéathsf fquidertbsedwadenths: Rnd ena-tanihat’s drigedeg theceaRWenber
2002 27 strok ' t ' NN L I pol y
butyl ene tere@ﬁ'& ﬁgliegp gb?ﬁﬁ) Fe%@tselbﬁ\/rblwr{httkp}??bgi//%ﬁ?érﬁﬁntelﬂsernﬁgé:d;g%ﬁ;é ﬁr such
resin to makeoftthe fissidhrqughstherfiithpdivided stnodiragionkilkietoi It &Y hdve RiT2kigthand
PT3M whi ch ha§. %.rredj rptr n ic{i on fromthe start | ow back pressure
command val ueVd$"i'® SHB%’ }5&8%&3? ‘he maxi mum back pressure conmand val ue at
the | eading dividefs 3§ dekerib&dirP @okfindfich WHHCRIghas iR the dorvastidie backh the
retreat of the screw 20 at the internedi ate di vided stroke region L3.
Conpar i son wi prespierengertreinatpodhéhe ioperatapmynat spidkresy txsdipacippressuiePT1 A

bressure pat (A TTERBLe S iy st R BB plesfurd Bbulbénd Robd Bl R, e

ressure pattarn PTI0 has tho Lar qes pealk val o and tho dul Lost oeak o
rn S S \' u u

Eﬁgg?r?npgddfﬁd&ﬁc PESSUERMTERA N I ER THATaED halbre FAmBIEBAIRd S

fo the back Moo B e g A R D R (e

mount ai n- shapsmpanti valuefP2 leringck noress uastipaationnase Ineste dolg procéss.
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prelim naril v gdtedtb@th bitRokdr fhe bPFRUGH W@da@bhsﬂa rés '&‘cﬂh%ﬁéti&@tbf] | ons

of the back pressure pattern as three standard configurations. Now,
descri ption v@ plurplityfdtxedobankeprassore odmimendhualkeprandsswitchitghpositions

2Pt g sect iR FEe i Snefioll REHRNYS LIS R ReCEs o dfe
pressure contregkal eMek s%ﬂ@lv@@?héﬁ@y,tdh%mﬁrkgléﬁ@ﬁﬁéaéi@ egbéHgmoeEily.on 43 to

make t he sharpness selecting section 43 select one of the first through the
third shar pnesses lasonkastiel tbiss éutheagnressiie e @anaetvs 8ecamGi®sin to

be nol ded. Thg_l:ve sl anal . i ndi Lye,. af r o]
Cevel and « na gy BEurl 80 dni< YRR o SR onst Bty REF SR LG bk
shar pness ar epresgrki qehtrod léviee byl eheans of ihg leesk daitingtdéctidres pandithienttibe t he
shar pness selected signal, the determ ning section 42A determ nes, on the
basis of the back pressure control level, as a sel ected back pressure

pattern, one of the back pressure patterns as illustrated in Figs. 9
through 11 that has a sel ected nountai n-shaped portion corresponding to the

o o M. o



20' Decemrrber 2002 28 determ ning section 42A produces the pattern signal
i ndi cative of the selected back pressure pattern. The pattern signal is
supplied to the controller 26. The controller 26 is also supplied with the
screw position detected signal indicative of the screw refyeat sitiaon
fromthe screw position detector 27 through the anplifi e%ﬁe%ﬁgﬁé@% he
pressure detected signal indicative of the back pressure detected val ue
fromthe back pressure detector 18 throwgh the anplifier 25. Responsive to

the screw retreat position indicat edﬁ_gg‘ the screw position det egt ed signal,
the control | BRCkETEES e faliain acAulpm@disale determipedser miapanede Phathe
pressure det i 0l NGl d e e i : £&meand
val ue i ndi ca?gﬁﬁglmﬁhleé%gg?gg‘?léd?@é% é;}lreterg'sﬁ]\régé%ﬂt%%@rﬁagﬁgg %%tftﬁgg%onds to

t he screw repressurgosntroldevel Sptber fove ahtsubsbeguetht may Iriee tB6 back pessues a
current screw retreat .position fromthe. scre osi,tiqgn _detected,signal

ot ected by EARTAIEEL B3Nt iHeftaBdoddBRS A ths it ot iR Sois b s
rotate. Subsgfyggidigehatded F8RT hﬁlteﬁﬁreﬁmaﬂh%snéitepéﬁ% @méswéaﬁinget ect ed
value with a clrrent back pressure command value in the pattern signal that
corresponds tyindes 2duer eolor stthewesiat r diichpaeikiis extremedpeasninacamparson
pressure difference bet n,.the back pressure _detected.valye and the
Current backwipseoipaiensatreus e HicratibPefioh BT BRedPess Bont r ol s
a current or camnaHdOEIuéES BAHEhO switBRing Y @Midranthe rsbeIWBEAfandla High 1kt not or
driver 30 so that the current pressure difference becones zero or becones
appr oxi mat el §f sl herpaf isNoiageess W i n conjunction with Fig. 3, in the
conventional back r r reRugt e

i wed back pressur Be 3uhara Sk @nreF pBBeratky MSREl AT SiprBBares BT
val ue Pl i nmprbidaices Yheabaek pedsaute pattenr leavingbalyiane mouatgim-asbaped pattioon and
metering process,, the third fixed back pressure conmand val ye P

edi acely bRghis: HEnBRGk PEssare PALST) Bas o, 805 v Rl MR INTapedcess,
and the secoggribhxedifaslerP Fgl;ggg R !

pl asti ci zati gﬁmfghd ?r-let eri rﬁ’grﬂge:?cgecgs.ﬁ refgeircg wf apég%ggg;gﬁg%@%/gﬁaget f our
fi xed back pprepsue oruoducs thenbaels pagssure pstteat ddving andselested fram af Fi g.
3. In additign s tegards. a,conmbi nat.ion.of a plurality of fixed. back
pressure con?#é’ﬁ%iﬁ\’/zgf (Ig’é‘”gﬂa'%\ﬁipﬁ HHYOPBH heo ”Pﬁélw&é? WL RESERLY gﬁer at or
i's required g@sdrived. expotie? MRdeSthebdRVprebsuregidtiea nidy Hdve ey §ndks
nanmel y, chew ng and kneadi ng goes snoothly. 0 Decenber 2002 29 In

contrast to &YHP&OfﬂTPLﬂﬁ:'nbﬁé’@l@eEr%Qﬂ% control apparatus according to the
second embodi ment f&@ferfihgsto'ﬂg.egﬂ dﬁ%@r?pt%e\yvﬁit ;?fac@@ﬁ 24 .b%'&k%’){@gﬁgeac‘(
y ne se and nmay

pressure control |eve ns’ of the l'evel ting section
sel ect one ofonth appasatus Bcoerging toea sbcortd shdogditessesf this imeantionof Tthee

shar pness sel.ecting,section 43 an hen t he sel ected bac ressure pattern
paithantipe lviat R Sttt R (R o N
this event, {foh@aORREERRId MEWigl 4' SkceptithatBelnidk HeRSEH Bompdltdaratéel

rat her | ow and subsequently rmay raise the back pressure control level in

consi der at i NMEEr cOMRrisesng Vrarpnesy selesting gecting 43 ranwW the deteimiringft gas

di scharged f - + 0l . poj ti.qp: t]

cyl i nder 21, Sop0f g Red PR bR TR EIER! s et BEclfi Bl 1
conpari son Virtiédetenménibg eeefiors it therefor@dépitiad dthe2Aconbi nati on of the fixed
back pressure corr_ﬂ’and val ues and the sw tching positions therebe[\t ween and a

high |evel of skilleSREFRNSSS; SelppingseetiamAp. 15| 1REi RIAENT 2S arelpcier
| ‘ S5 ! T e
pressure patér?ir@gx@%é?gilﬁggﬁ Rt fh?@u@?%fﬁ@éi%}rgﬂe?%ﬁtw f datior frof HB! @¥Rd on a

di spl ay screen ay devicC wn i's event, by neans of
a wel | - knowrlowr baclgpnessurs uommand Valgétagpénapproablaepiles snatimuie baakk

pressure patforn dioplaved oftd hendl aRLAY,38r . Y. be R Onald Yo
to mean the rate of change of the slope of the pattern. The first sharpness
is a relatively abrupt sharpness while the third sharpness is a relatively gentle
sharpness. The second sharpness is a medium sharpness between the first
and the third sharpnesses. The first through the third sharpnesses define first

through third mountain-shaped portions, respectively. The first mountain-



Referring to Fig. 12, the description will proceed to a back pressure
control apparatus according to a third enbodi nent of this invention. The
illustrated back pressure control apparatus is simlar in structure and
operation to that illustrated in Fig. 4 except for the bgﬁgﬁ)ﬁreessure
control apparatus conprises a conbination of a clock gen mer. 23
counter 45 in lieu of a conbination of the screw position detector 27 and
the anplifier 28 and the determ ning se24ion and the controller are
nodified fromthose illustrated in Fig. 4 as will |ater becone clear. The
det er m ni ng shepiedoyortion Haseinanfigatdtion areativey efboust slepe othdld tae thi2dB and
26A. The cl ock rgl;enerator 44 generates g cl ock siénal which is sup%i ed to
the count er MGUNtEHLSEAREA BPMG has inLoafigrration; 3 reiativabydedtis glopei nTPesponse
to a reset s _gFggfbt Ler ) ts S | d by
controller ‘;éée%eglrj\ 'ﬁﬁ@ﬁgiﬂ% 0 {)_ﬁﬂélbgchraé\?ﬁrcgﬁg??%ﬁ?ﬁﬂébggﬁlf !a e%&?ggﬁi es
out a count ithg rejadivealyi abruph skopecamad thies ralalivély ghatie Isiage. sigreabhaengsdduce a

time 20 Decenber 2002 instant_signal indjcatjve of.a.scr ret reat
i e | nst anGSRHAR SEN0R 4D RiTeERar SR Rst SPbER RoRLBIcaNE i he™
counter 45 %%'Ié’cﬂéd?ﬁ\a?r‘[aﬁ%@” TEE ralrphe P skletad s egas (plicdr toaner at i ng
the tinme instant signal indicative of the screwreireat tinme instant. The

time i nst antdede@niaing secigpptdAsd to the controller 26A. Set by the |evel

setting section | ey set.  si i ndi i f : .essur e
control |evel i s%ﬁ#ﬂrﬁ%«g}f 1035“?@2‘3&‘2‘%%%#%5%@%Ygﬂgz?fg}?ﬂ'ﬁ%h&e&@ ner
which wi || kepogetarhtiaes,aon ithe tiis of fhe Wackr Peesd comeoldielel, i biaok
section 42B determ nes, on the basis of the back pressure control |evel, a

back pr essuRECHHITPAPRISMRLNFGNG 3 HATABIRCOBRE RIPISALS OB BBRFHAIVE S whi ch
cont i nuousl %oﬁﬂﬁﬂ@@ﬁy%EPQé@W%S@%’ct&P”Qtaﬁ%rwﬁre‘?l%ta?g&iﬂbﬁgn RE HARef2B

produces a pattern signal~indicati back pressure pattern. The
pattern si gwdiich svilbbegdtmedlear ashibeatascriptioe pra@edsAt Theydeatenmining section

nbi ti t he, | | ttir don 41 t det 1 nj ti 42B
scts g o bAdh BREUCESE pafr SiohA GisieRs Oe hask RpeuP IRt Re DoRk
pressur e paldgpieihn gl | fegti the BBnirdhe 20N tatalryaiatelGrodrhomdnh bpd vi th

t he back pressure tected signal indicative of the back pressure detected
val ue from the lewkseitieg sectodet bcthershBpoess sglecting saabibnf4&ramb the

Sonal . 1 he RuaMRCeBER A B SE Ehb .2 bRR b et BBt erARAE Wt dance
w th the patfoepresdrggathedpaok presaire geattarnl witmgesderct itoj thet sarewsetreatot or 11

via the notor driver 30. Referring to Figs. 13, 14, and 15 in addition to
Fig. 12, th®%§88&iption will proceed to back pressure patterns produced by

the determ ning Fe&dddpRivEAR the'balck Fresshite [dREEMEH sighal BRE tRDSEleRsRIRAE t he

ordinate represent the screw retreat tine instant "and the back pressure,
respect i vel Yosiiog. detgciedsignal, thiercantiodek 2 cagias out RaokipreasWECORtehin he

Fro. 14 shoccl Bt e BFbedlrbNBLbVaRRaRs SN RS Bl Hsblodire
control | eveglensshotdy 1t hea ks BlotGedriver@osection 41 is medium Fig. 15 shows
a third back pressure pattern PT3 when the back pressure control |evel set

by the level settRe{griwctabgs4d 1& andghl in 2dgitierto fig. Bntheudpscriptioradh of
defined by PREa adehriels bR AR AE PSR B PR sedPfl 2 2,
rotation andin FgsstSthroligh e, dbe eyscissatamanthe ordinate represent the screw
retreat position and the back pressure, respectively. Fig. 9 shows three first
back pressure patterns: a first abrupt back pressure pattern PT1A; a first
medium back pressure pattern PT1M; and a first gentle back pressure pattern
PT1G when the back pressure control level set by the level setting section 41
is relatively low. Fig. 10 shows three second back pressure patterns: a
second abrupt back pressure pattern PT2A; a second medium back pressure
pattern PT2M; and a second gentie back pressure pattern PT2G when the

back pressure control level set by the level setting section 41 is medium. Fig.



20 '‘Decenber 2002 31 Specifically, between the screw retreat tine instant
corresponding to the start of the screwrotation and the screw retreat tine
i nstant corresponding to the stop of the screw rotation, a screw novenent
time interval is represented by T. The screw novenent ti @ interval T is
divided into a plurality of divided tine durations as a lbeE)?mWr:L%O%ich
is one-tenth as large as the screw novenent tine interval T. In the exanple
being illustrated, the screw novenent ti @6 interval T is divided into first
through fifth divided tinme durations T1, T2, T3, T4, and T5 in the order in
whi ch the scrdw stetwstiregithied ibagk gnésswse Patferest 4 ithind absipridadki pressoast ant

Lhe sorew 1 ot BB DERRHS 911 RECIIT epck RESthEe PRRER BT JNheack SRR ons
Tl and T5 haspgef 'ﬁgé?séu'?é ?’\%@W_M ?ﬁ:\éﬂ\ﬁ e b%?@?ﬁ%%% Q%ngél le?e08etasy fHee

screw novenent ti Inte rst time duration TI 1Is
cal l ed a st ar tewei seéttied seictien ddrigrélstivabhhiod.t he fifth di vided tine duration

T5 is called a finagl divided ti uration. Fach of the seco an

fourth divideq ti mescid dnd &o8aF Hit ARt PadrineSs IR B2 Tl 1 <
two-tenths aschaegsords fotRe FRstMH RPIEERME Jalttden PTHENVS atbd iM FRy. SeCaMé
divided time duration T2 is referred to as a leading divided tinme duration

whil e the foufitsh airyptibackipressireapaiternTdTi1A has & maximgnadagk tprassiieg

it erval 4L 1000 R TR o EheL B e e st Mol o e

interval T. Thettéfi PT1NN viThedirst gentibusadki sresddrel matteah IRTU Gihas atreaxiedimt e
divided tine duration. As illustrated in Fi ?s. 13 throu%h 15, at the first
or the start BAGK RERPSUresommand ¥aluewhighdsiowen thagrthat  the Hrshmediem; he

screw rotatio i through the third back pressure patterns
PT1, PTZ2, andaﬁ%‘gaﬁ%ssage @gﬁ?’g‘bﬁ“ﬂack pressure comrand val ue which shifts

froma zero back pLikewise tio®seeont redien tback psessurelpaieba Ol 2pt destiated

command val ue, At e second,o he | eading, divided tinme ation T2, each
of The f1rst IHFgul coRESPRTSILhBesa Sark ArStHEF metf PTRThletthad s has
a variabl e baglg, Bl eTher fcoRaTEYRGMRH KD b B pdtees A2 had e nséamum Byclkback
pressure conmmand val ue up to a maxi num back tﬁressure command val ue. At the

third or the PrasstreeeRMmand valdewhichis hdgherttnan that ofdae iseepnd medigmndiack

t hrough the thi . asFINe t P riabl e
backugr essur eB t:é(’)s%l‘lrgbﬁégt\;g{nue ZORE%S@%@? ngmﬁ b%%hﬁ??%nﬁég)ﬁp ?@1 fﬁglﬁ%sﬁéaér)om
t he maxi num baakaximess Wwaek qressird commeand vatueradiichrisoeler thars shateofcthemand

value. At the fourth or the trailing djvi ime duration T4, each of the
first thr oughs??@‘{'ﬁ‘?pﬂmﬂgéﬁkBF%C@B%%&”?‘%?%@- PT1, PT2, and PT3 has a

variabl e back pressimadyQ B iHirdVdledfinBiaeR prédsiirs \htér PTAM liisfraiddSinf r om

the medi um back pressure command value to a final | ow back pressure command
val ue. At theFig. fifltcosresphads tmthle thirdibpek nreasurepaitaro i Toijlustsatrddn Fige

vartabl o back”pr S8 P8 AN B=6R WSS RELR PToA Badia Bt 1B aci
pressure compredsval cemirand Ei® whishKis igserithan ehanaitte Weikd medium back
pressure pattern PT3M. The third gentle back pressure pattern PT3G has a

maximum back pressure command value which is lower than that of the third
medium back pressure pattern PT3M.

Each of the first through the third abrupt back pressure patterns PT1A,
PT2A, and PT3A has the first mountain-shaped portion. Likewise, each of
the first through the third medium back pressure pattern PT1M, PT2M, and
PT3M has the second mountain-shaped portion. Similarly, each of the first
through the third gentle back pressure pattern PT1G, PT2G, and PT3G has
the third mountain-shaped portion.

For example, the sharpness selecting section 43 may select the first
sharpness as the selected sharpness and the level setting section 41 sets a



As*a result, it is possible to obtain the back pressure pattern having the
vari abl e back pressure command val ue whi ch conti nuously changes wth the
back pressure conmand value related to the screwretreat time instant with
a one-to-one correspondence. As shown in Figs. 13 througggﬁg eagh f the
first through the third back pressure patterns PT1l, PT2, é@?@ #e20Q2
nount ai n- shaped portion except for portions corresponding to the first and
the final divided time durations T1 an@8T5. Responsive to the back pressure
control level set by the level setting section 41, the npuntain-shaped
portion of iavebpeltkrgssese goetrpievel n IR Mis eyenh thedetisminiap eegtieméd24r di nat e.

brel i i nari PSS! olcpERard K BAHSE SRR e of Fd Ao abiinf ik, o ©
pattern as ?r@‘saml@radenommueetiil@stratéan Fige 9deg@r bpdihen edahipl@rtheeced to

operation of the back pressure control apparatus illustrated in Fig. 12. An
operat or fi FRBEPHEES HELCliNGesedind 43anaY (fgled P otPePd: sharRRESS RE tBvel
setting sect) : 00 I V, The A et
ot gnal i i SaEr shEpERE AR IRRT SRR R 18 Rt AT BRI Pad® e
det er m ni ngpeesureooPd.levd s poingiey the cirdumestbpeed, tsetdetargrimihg sebiion 42A
determ ning section 42B detgrm‘ nﬁs, on tlhe bafi S ﬂhﬁt he back pressure
control | evBIOIUCRS O RERP LSRG PattRHL ti8pPal Iadicafiys,Q $RFANH UM BaCk by ough
15 to produ " biisbres i i t r ttern.
The contr ol ch;erstsggeABiafstég]lr 'gggmgﬁﬂ"idéggﬁw ?@éqpi rrg%iér)\??g"nét} éé(?mf tila%di cative
of the screshapnessselecting isastiem#3mmanselhet thedhirdshamprasd asithe selestgt essure

det ected si | indicative of the bac ressyre detected value fromthe
back. pr essufaPasS BEaHE B sel g dtaleBATorte & e BaER P @ e s s
Responsi ve feqel hangkiceaventttheadeteimMingséd@idh 428lipeddRseshdr prépatdsnidel nst ant
signal, the controller 26A carries out back pressure control so that the

back pressupattera: ignaldindisative efithe ithied ogntie bagk prassusl ratisie CTH@ SSur e

comand val gllg[g t he back pressure pattern that corresponds to
the screw r@ﬁ?féa Hﬁaﬁ&i f\ps(t ant. Specifically, the controller 26A .recognizes

g cquent screw Aet%lmribEEnwdmttaetdefgemﬂmdgesei:ﬂrtm 4ast mtg ;sviogneélcm odﬁced
y the counter 45 after the screw 20 begins to rotate. Subsequently, the
control | or BERARHmPakeRionaliRdisreoF b hack areas s naed DAVIAS et ent

back pressuigecRATs tHefite %%d%tﬁh&@{ﬁoﬁﬁ@ﬂﬁ%héﬁ@é pBRIINSSPFRARSst 0 the

current screw retreat tine insta aln a current pressure difference
bet ween t hebécalsegansidaratiorshevlddesgiver taadpesial charanterigiec the essinr e
comand Va|{§ ew(?]gdﬁlfter, the controller 26A controls a current or an
out put torqUe e’injection servonmotor 11 via the notor driver 30 so

that the currentSpeeifisaitye attiehfien aiiCioe lreoteeitozesin suchacpsipamaiepwoxiemat el y
zero. I n addition, as described _above, the back V?ress re Pattern_h_as t he

final |ow b&dROPGRRRAAMEBFAAASIY ACGHISaiN thie SETeW Rbr 10HBIS PYRAL #i i ded
Lime du ralhocestary fe Sucheridlt Jo H@oMBMbACkeptedbatd pansmesttupl, ifBanscr ew 20

decr eases at h or the fina atron the screw
retreat i s RotAcRaB§eabtl @TaAd vihieh bas awellivelyesbropt trarsiborafrotrhihe gtasi ti on.
Al t hough the f'brst through the fi di vi ded urﬁti ons T1 \t;a% T5 have

ftr] time, d
time intervQisPaff ATESTEE SRMTE@RALAIUE @S {teARRIOAChEs 08 JREXTIUM R3Kent hs,

and one-tenglagsae cHhARINISVAINE ot He Wt aRMed §tfdkd RgRY 8D ahd which
respectively, in the above-nentioned enbodi ment, each of the first through

the fifth dias aedbryphsiens withdhe retieatefthe sefpvhdl @t the intermediate dividesi ch i s
suitably seligflehgitl U JRfHioRCHil Be RIS 1 FBsiH Lk 48 achyiohfirikhe
butadiene styrene resin (ABS), polycarbonate, olefinic resin such as
polypropylene, polyethylene, and polystyrene. Under the circumstances, it
is necessary for such resin to make the back pressure pattern gentle, like in
PT1G, PT2G, and PT3G, which has a relatively gentle transition from the start
low back pressure command value as it approaches the maximum back
pressure command value at the leading divided stroke region L2 and which

has a gentle slope with the retreat of the screw 20 at the intermediate divided



pressure control nmethod, the operator nust set three fixed back pressure
command val ues: the first fixed back pressure command val ue Pl i medi ately
after start of screwrotation in a plasticization and netering process, the
third fixed back pressure comuand val ue P3 i medi ately be%;gz@ conpl bgzn of
the plasticization and netering process, and the second f Cﬁ@? fg sure
command val ue P2 during a normal plasticization and netering process.
Preferably, the operator nust set four f#%Xed back pressure control val ues
as ~ 1. n 20 Decenber 2002 34 illustrated in a broken line of Fig. 3. In
addi tion, as stgie mgianddnbiAttention vl be direstad ite yesin sucheas patykbyylessur e

command val ue n ] ' osit t epet t i
Fequired to nErePRAe ERBEPBRE, alR R A EaSr e ilE SEFLASh Rae .
chew ng and kfmeaskdiOp@essresyamedrhinyedilim, Biein BT M GTRM sand PTBIe whidgtkhas
pressure control apparatus according to the third enbodi nent of this,

i nvention, tha oA Bansitgn Sum e StaghiovpRark presssie SorBRandvaluevas itpy
nmeans of the I t | ttern is
aut omat i cal |y EResEt dheanaghhlse btk GRS REobiH e eIl B S GqBENG"
this event, tdirideuestedi@ region £2 aad wibth hae abmediupr slepaveticihetretreat efitbie

rat her | ow and sub, ntly may rise.the back pressyre control level in
consi der at i onsgﬁwcﬁgrﬁedﬁ r@?éfﬁ%%dfvé‘ﬁﬁiﬁﬁr&fﬁr Hen ggr ew 20, states of gas
di schar ged ffomtheom¢ﬁpﬂgﬁ%?tm%é Bﬁldﬁ@stgeﬁ & pr%aéw@e%@r}é Péttern

td
cylinder 21, or color o en resin” such work Is extrenely easy in
conpari son wi Ph1Apthessadomdahediant back preskufeopattdre RGN aad thenthatd gandlef i xed

back pressure_cgnmand val ues he_swi t chi.n sitions thergbet and a

ngh [evel of PR PIesehis B ac  naBE s SFnh Babt b S SRR Rl

apparat us il ngd il faildstPedk vhlidda R Bieesh rhe B PsBICSTagd Whita e PiraSFaHte

pattern having only one nount ai n-shap?&]g‘;r ilon. That is, the back pressure
g

pattern has oBRGK BigssusRRatigrniAE AR gstraak wive goddhe dullesdaaick
pressure cont §I9$rpeﬁpqﬁra%td‘i{%n9'fﬁ §é@2”(§iyl?1ga?ﬁn9%%P&rpg?%uré’%%ﬂgﬁﬁ?ﬁ@l II?Q%

pressure patter aving one’sel ec roma p y rount ai'n-s éped
portions in timddiapeak vetuecinda lpeakrshapsatiayiniean@aserageesharpness. her wor ds,

e, DSk PLePolr S B TR A MR ] ol AR T3
pressure Contééﬁtiloﬂp@ﬁrtﬁé L@gégﬁ-rs‘g'raggdtp%n%ﬁ Bt e bk E5 ST pdtferh Bbfectec{ .

i nvention. The 1llustrate ssure control apparatus is simlar
struct ure andbythershdrpnesoselaeting $éationr4d shifts npringd down elerepthetdrdinatée back

pressure contrgol paratu riher .conpris. e. ness ecl in
section 43 andp rﬁﬁ%ﬁq@?ﬁ?, t%% eé%rgf'ﬁ@ﬁ ﬁes&'ﬁﬁ% @gnﬁegnq ﬁ}?ﬁg%%ﬁﬁﬁt ed in
Fig. 12 as wiprelimidarly beingehe fiestithroligl tHetisicdriumgainatiaiped postidiweother e
depicted at 42C. Resgonsi ve to the shargness sel ected signal supplied from

t he shar pnessPaQ eSS Raltarn 5 thrpe staRdarck GAMISW P Sect i on 42C det er ni nes,
on Now, the description will proceed to operation of the back pressure

control apparatus illustrated in Fig. 8. An operator first operates the level
setting section 41 to make the level setting section 41 set the back pressure
control level and operates the sharpness selecting section 43 to make the
sharpness selecting section 43 select one of the first through the third
sharpnesses as the selected sharpness in accordance with the resin to be
molded. The level set signal indicative of the back pressure control level and
the sharpness selected signal indicative of the selected sharpness are
supplied to the determining section 42A. Responsive to the sharpness
selected signal, the determining section 42A determines, on the basis of the
back pressure control level, as a selected back pressure pattern, one of the
back pressure patterns as illustrated in Figs. 9 through 11 that has a selected
mountain-shaped portion corresponding to the selected sharpness. The



W20 Decenber 2002 35 the basis of the back pressure control |evel, a back
pressure pattern having a variable back pressure command val ue which
continuously changes with respect to the screwretreat time instant in the
manner which will becone clear as the description procee%;. The det erm ni ng
section 42C produces a pattern signal indicative of the chgﬁraggl[ﬁe’QOZ
pattern. The pattern signal is supplied to the controller 26A. At any rate,
a conbination of the level setting secti2ath 41, the sharpness sel ecting
section 43, and the determ ning section 42C serves as a back pressure
pattern prepaketgrgniningtseotion MQ@Ep\rroidnges tres gmwnm%saum@ic'ama gfrthﬁvsfeﬂdfctees pect
to time. Responsive to the bac ressure detected sjigpal and t ti

nstant si gnDRCKRESSRIRIEEr SRR RHEFR s GNalis BURRISET RthérconteNler 3P i n
accordance w t NS4 drqm?s f tk s A ) Q] i on
servonot or 11?@&%@%&9&!3?%%%@% Re etrhrgi sffgg?oﬁ%'%%.af efb?eldB)ngz%d 19 in
addition to Hdjcative of the siersuv igiteiadposition fporcthedsdrewlzaditiqn deteatar Dat t er ns

duced by the determni tion 42C In Figs. 17 through 19. th :
Rbeci sea ana ALGRLGe AT BEAPATG I M Riacall e detpeied HoSFTRURRIYRIST e back

pressure, reppegirdufe detébted (aRRAYEMtRE Back DFEdsuPEktdtGSTRIHRoBGH iR NS: a
first abrupt back pressure pattern PT1 A, a first nedi um back pressure

pattern PT1 RMplifier 25f i Respgasive o i kcrpnesdieatppsitioa indicated Gythescreaw back

pressure control. t.. t I ' sect] | ST fvely
Pow Fi g. - 16PRbion oo B8 sidhalMB ol BlietE bR st AR slésuds KRNI
back pressur ¢hgtatHee back Tprassares gettedTRdiugncbieidedr asthutte patiaisenb&RM  and
a second gentle back pressure gattern PT2G when the back pressure control

level set byPreRsUregemmaend vaededicated bythesselected hackingessuse ABRET it ee
Lhird back PLERSMEEIAALS 08B! Ridkdy BOLHRY. DaplecicaRs e PatdIeR 2T 2

third nmedi um pressure pat Ar pressure
pattern PT3 wémyrizes daakept ssew etreahpositioh éroeh treeescriew posdtioredelectsd t i ng

section 41 is.relgtjvely high. As shown in Fig.._ 17, the first nedium back
ressure pat SN BHETRYBY HEE suRHP e adS ez Tianar 6 scian eopeant o pra
il lustrated étafd 9-Sdsbeqlie®tf thé%oﬁ%”@&é’é@t‘ﬁpﬁfﬁsw WadkAregsiterdetécfeas a
maxi num back pressure command val ue which is higher than that of the first
medi um back pakieswitie aguriant apd pregsutg sommand yeluelie theorttpiresignaldhpht t er n

o 12s, 2, EBNpAas s e SRS N aRRHBREY SPLETS AR BRNS e
difference between the back pressure detected value and the current back
pressure command value. Thereafter, the controiler 26 controls a current or
an output torque of the injection servomotor 11 via the motor driver 30 so that
the current pressure difference becomes zero or becomes approximately zero.

As is described in conjunction with Fig. 3, in the conventional back
pressure control method, the operator must set three fixed back pressure
command values: the first fixed back pressure command value P1 immediately
after start of screw rotation in a plasticization and metering process, the third
fixed back pressure command value P3 immediately before completion of the
plasticization and metering process, and the second fixed back pressure
command value P2 during a normal plasticization and metering process.
Preferably, the operator must set four fixed back pressure control values as
illustrated in a broken line of Fig. 3. In addition, as regards a combination of
a plurality of fixed back pressure command values and switching positions
therebetween, the operator is required to have experience as to how the
retreat of the screw 20, namely, chewing and kneading goes smoothly.



Li‘kew se, the second nmedi um back pressure pattern PT2Millustrated in Fig.
18 corresponds to the second back pressure pattern PT2 illustrated in Fig.
14. The second abrupt back pressure pattern PT2A has a naxi num back
pressure command val ue which is higher than that of the Zﬁc[gnd gﬂﬁiack
pressure pattern PT2M The second gentle back pressure p

maxi mum back pressure conmand val ue which is tower than that of the second
medi um back pressure pattern PT2M Sim | aely, the third nedi um back
pressure pattern PT3Millustrated in Fig. 19 corresponds to the third back

pressure pattern PlBcomtrasttts gtigdnithe bagk piessuldeonthdirappaipatuptackactingtessur e
pattern PT3A H_]s a maxi num back'ogressure command val ue which is hi 8her t han

that of the tH& LGOS MPOAIRENS oL TYs NVeERLPR g GPRSRIOT ThRY $81iaY 8R#IPREX back

pressure patt SR is
| ower than th F&sﬁ?@ﬁ)ﬁ\?ﬂl méﬁg&rﬁ%gﬁ%e%g?&?@%atterﬁgﬁ S%ﬁqég!ﬁggf t he
first throughondefithe fustatropdh e khipgh ssanpnespes bgrme@ﬁi@f thT BAarpes sPT3A

has the first t t Li k the first through
'he thi 1o medPURFRIASSABBLARc Sp: PP 1Bt 1Salpoioto BRCk Bresvdfa mAlRim oL ccond

mount ai n- shapggioRPaticay defdring bb'pr A%y BY tHé’Getfe'rrhﬁimé @éemgmm fihig
gentl e back pressure pattern PT1G PT2G and PT3G has the th

mount ai n- shapewemomel eperatar may ﬁrsbeet;ﬂ;gma@a ptresaurem@nyhhieﬁﬁb@heféowandwg

evel setti ngeLet ity el laite MERARE cSs-08 HRLBE LR BT SpBORF R G s
event, the det@idiionaer grCidti@at 42 hePsQ@UCES, sthtdy ePgdLdischgrgeat fr@frthei gnal
i ndi cative of the first abrupt back pressure pattern PT1A as illustrated in

Fig. 17. It mmolteﬁéeﬁme@uwﬁmqaeaporftlﬁe %fhtaemﬁ%mgs@yl@éﬁr@d 96 6ol Pf4he
selects the seegad shiar PRESH sk e Aaher |l HRLARESROANI s ehtiShal _

setti ng section SSU e con
ci rcunst ancessettihg vwl:ek émnihemgwtsmttam@f thé(ﬂxpdmquewureroepanend vbkmepat tern

signal indicati e second di um back ur.e PT2M
71 Pustrated | WHs Swbching PaskipnbgeseBaiaen Wil aieh Ve BT e SgPRe
section 43 seh&ds3a e third sharpness as the selected a ., 20 Decenber

2002 37 sharpness and the level setting section 41 sets a high back
pressure control |kgidentally, the baeh@nessure@adter@npmduoegi gy the dnteztmlpgoduces

pat Lor - prac SCtBF 4 P fed8fe b G8bley ReReer ofs bk dSlce Pl 3vB o ni g

section 42C nay thisalene B mpasparf & wdlkkiswh afrangegeat sucslias atlighe peh, ahe
back pressure pattern having one selected fromthe first through the third
nount ai n- shap%fgar pBesY ehive bﬁﬁkso"%ﬂb’édhﬁﬁ?én gisRiaves et therdispiayisgrasd Haven t o
a special ch gbﬁd(;f,aq rﬁoglfﬂeﬁhe nolten resin to be nol ded. Specifically,
attentionvvl irécted to resin such as pol yam de where

Referring to Fig. 12, the description will proceed to a back pressure

control apparatus according to a third embodiment of this invention. The
illustrated back pressure control apparatus is similar in structure and operation
to that illustrated in Fig. 4 except for the back pressure control apparatus
comprises a combination of a clock generator 44 and a counter 45 in lieu of

a combination of the screw position detector 27 and the amplifier 28 and the
determining section and the controller are modified from those illustrated in
Fig. 4 as will later become clear. The determining section and the controller
are therefore depicted at 42B and 26A.

The clock generator 44 generates a clock signal which is supplied to
the counter 45. The counter 45 is reset or initialized to zero in response to
a reset signal from the controller 26A. The reset signal is produced by
controlier 26A on the start of the screw rotation. The counter 45 carries out
a counting operation in synchronism with the clock signal to produce a time



a-'r-aci ng phenonenon easily occurs in the screw 20. In this event, it is
necessary for such resin to make the back pressure pattern abrupt, like in
PT1A, PT2A, and PT3A, which has a relatively abrupt transition fromthe
start | ow back pressure command value as it approaches tagéﬂ%%%éﬁéFéyaik
pressure conmmand value at the |leading divided tinme duratl ch
has an abrupt slope with the retreat of the screw 20 at the internedi ate
divided tinme duration T3. Attention wilB0Obe directed to resin such as

acrylonitrile butadiene styrene resin (ABS), polycarbonate, olefinic resin
such as pol ystpiisigres| imditativehyll acrevaretreabtime ipstant. Uratds, a aembination

pat torn gont PLG plolk BRABHIGL4 R 48 Eounh A SNFRRS A8V shetl By ©

gentl e transidstait g‘én@'ﬁétbhﬂ)rsgewefratir@/\thbdﬁke mistastienal onaveatlevef the s@ﬁewt
approaches the maxi numb ressure command val ue at the | eadi ng di vi ded

time durati ofetrgatdime Wﬁlaﬂ’i hibeé}"&ekﬁ\ﬁla@@l%‘@é'%lﬂﬂp'@ﬁéo tlee cerifolis 266 screw
20 at the interned i rect ed
to resin such as go?w %ﬁvgﬁgetbeg‘gemrg%gf@e( é\éel;%t& E@tnaﬁ)ﬁﬁ é[tlketsaﬁeeéent it
i s necessarybhok pEe:shre eemtmtla;]e‘rﬂé(supmedét@dheMeesmumag[wfctlen d28ediluthe | : ke
in PT1 M PT2M and PT3M ich has a nediumtransition fromthe start | ow
back pressur BAGRRMEN Wi Recome F'eébﬁ%'&%ﬁ%”ﬂmemnﬁ?i:%qﬁ e Fefsraudinge
command val u i I

medi um sl Op(g@s\ﬂ&{oﬁi%%ﬁ??b@ﬁesdg tﬁﬁ?%iﬁwﬁgoﬁfk%ﬁ%%rgt@gjp prlgl thegézee\%kde
time durati opré&?.ureR@@ttens|h~amngoatm|abm;|bapkemeasereco¢mmand edlge whichby t he

| evel settin sectl Q t he unt ai h ed rtiqn of .t he back essure
pattern sel eg 8’ %%’Eﬁ?ewqu@ '?’ Qﬁ gURiniNg 3L 2 ction
43 shifts up wcaewbﬁté?ﬁe@m:w@btwcﬁthE(brackfplrésmp@&emthlmed,@ét@érm ni ng

section 42C|ncludes menory 421 prelimnarily storing the first
t hrough t he sllgnawsmmledtomeamrqﬂereﬁansAéﬁnvrﬁetebacqonmlegtm ef thatleven as

t hree standa £

operation of E?tltu§8%gggg%?gséﬂﬁ@eﬁ%?%ﬂ%a%gér éipﬂii?{ép@s%% & eag:ﬁiepﬁgﬁ% Lg’ 16. An
operator fir phtterpesraparing beitfevsriepahg thgbaelc pressurfelpattemaiieh tespekeicel
setting sectjon 41 set the back pressure control |evel and operates the
shar pness sel®€ting section 43 to make the sharpness sel ecting sectl on 43

sel ect one of therhbichtrblisosgltid AepdiBAuP IR PAgosRSsaR diiEchelg

sharpness in accordance wth Into eve SI gnal
i ndi cati ve oindidadiveafkhebackprassutmdetectddevallie firom theebmieprpnetsrs wleetcxred

signal indicatiVv hes shar pnes re supplied tp. t det enmi ni ng
section azc TRUBRR R SrHTTRELSREEIRER B ghaite BietBarBR i ng
section 42C ded eHenimednstant §igrab e somtfolldn26PacAries easback peebud comval , as
a selected pressure pattern, one of the back pressure patterns, as

illustrated i”na@%ga“@?“@tﬁrtb@d?ﬁt@nﬁmalMsme@a@élchoé@’%ﬁ@nﬂ“&l 'ﬁl@&'&ﬁed
portion corr t arpness. The determ ning section
42C produces%g%%eﬁglastﬁs ﬁ?bf%?%a@ve of the sel ected back pressure
patterns. The pathefaerngmEIga sssmﬁ)mnda%nmaddmoncbolFrg)HIZethQﬁ@scr‘mlen

t |1 26 th . the t | di t f
o ey ¢ cMarBcBed o BHBE arassuft mith AR ioineed By e SRS e Bh s e o
det eoted 51 aamb | AFA! H3anRlchs DNGKapNcaesatinfa 456 epdinthe/aipresdittaipt e

back pressure detectdr 18 throug l'1fier 25. Responsive to the screw
retreat tines¢rawtratreat tiiednsteat aryd theebacthwpreussslteamesmcgnalw, Fige 18sthaved | er

26A carries 0O ack pressure.con tect ed
val ue coi nci %ﬁést\%lat, {%%s“\/eollpiagﬁf%ﬁt;iwe&&‘?&ﬁc %ﬁgﬁfwgpﬁé Ehg‘?c@‘t ed by
the sel ect edthledetels; 6EctivH 4 el Igvhat F@or’mwsdé skBohd ®ask pe¥sdekr eat
time instant. Specifically, the controller 26A recognizes a current screw

retreat timePatiesnant2 whan theebackwresssraondioglevel sebdvcibe Isyek seitisgunt er
45 after the egc%ﬁ%z@ REGLAT tFC?%“Pé eh s?‘inﬁ %‘é%??ré‘ss&r%‘%g {2{ b9hhate £ O6A

compar es t he’ préssure detetted va pressure

comand val ugeibackressireaontrsl igval sétrta/tthed:ewestspamm;sseonohma istnigrent screw
retreat tine |nstant to obtain a_curreni press %e bet ween t he
back pressure det!8ctigs 13 moméﬁb@acmg%t@e first through the thll‘d ack pressure

patterns PT1, PT2, and PT3 is defined by the screw retreat time instant

between the start of the screw rotation and the stop of the screw rotation.



39:value and the current back pressure comrand val ue. Thereafter, the
controller 26A controls a current or an output torque of the injection
servonotor 11 via the notor driver 30 so that the current pressure

di fference becones zero or becomes approximately zero. | s _descri in
conjunction with Fig. 3, in the conventional back pr essﬁrszed @8%’1’@?"2&&10&

the operator nust set three fixed back pressure conmand val ues: the first
fixed back pressure command value Pl inmddiately after start of screw

rotation in a plasticization and nmetering process, the third fixed back
pressure commBpeciicallye bpiveamibei serewyetsedidinee innipntararmspondingdo the start

| asticizatio i r , i ol re
Pormand val ucoarr oo BpRE el p b 6 i e RERE L B35
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kneadi ng goesnsvemeht fimelinteceaitT.ast to this, in the back pressure control
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shar pnesses b% means of t arpness sel ecting section 43 and then the
sel ect ed bacKhprasdeuirewpiaht thersdrewaetreattimeansiantis shifteddtbrara pagpimed by

back pr essur dieant 14 R ST of Ll defe bRy 1o SRR ol or L8R back
pressure contthglsck@NebtatidnC OFacH&fakheé Gifstaindcprdifii @Nfieef timBeiurgtidrear1of the
screw 20, states_of gas discharged fromthe nolten resin in the nose

portion of tHNhERthasgadime mtervadT/1Gwhieh i oog-temibs asl leege pedha SCBMh wor k

. | . ! : . ) . ¢
cont nac i on” fiET et SAERREAT, Dt GrLYGREGe dREaddr 81 IPEedd sl
posi ti ons t hetigidet wimes darationkwhile theefifgo tividedinerdraasaimp. is lcadedarfirad! | v,

t he back pressure pattern produced by the determnj ection 42C.is

i spl ayed on GVERYRIES G0UaR oFash s P eaen Goq A TeHUMANIdES e s
event, by MeafigafdnfTRRING KPAKE adh&HEERRND TAORNRA i tWb-eHithD a8 laRe a0
Decenber 2002 40 sharpness of the back pressure pattern displayed on the

di spl ay scr edhe saewsasmentdineg intewat LedTheserend givdedtimatdusatioms 2tisus

wi 1 now be vt i a8 lasdid B i, FBlRF W B [FERhcaikgBb ithe '
i nvention i ntdurstién Tyss eéfeeredrtarases SailiAy dhaded tieed wration] pThethirddiviide as
regards in a case of the nmotor-driven |I gl_ectl on noldi ng machi ne, the

. . nn g
present i nvedMSAURIPHES Bp i ke inde Rl 4LApawRishilt fouiERtNSG® IaptipniNe
rmachi ne as "égkﬁk%@néﬂt tith8 intéRral A5 Er'ﬁg"tﬂirijﬂi\}?aéh ti%@ddr?goﬁﬂrié‘%ﬂ&d
i njection nolding machi ne conprises a hydraulic actuator A in place of
t he servonot @n iblerawedidteldividad diche dufation. 1. The hydraulic actuator 11A

i i nj ect ] | inder 51 and a pjstan, 52 Driyi il havi
contr ol ted 11 ow spcetiuaraielFesobhiofued &l i drie SBrbinicaliings, °
fromthe inj eriragdh TYlimpsdiafely éﬂt@ﬂh@*ﬁtaﬂ' of Meetéraut ﬂoﬁtid@?:é}aggbﬁthérﬁ%t

hydraulic pressure of the injection cylinder 51 is contro y a pressure
control val véhiguighrtheithird hask amessurpaaliesns PiddPT2, and PT3 has a variable

back pressure command value which shifts from a zero back pressure
command value to a start low back pressure command value. At the second
or the leading divided time duration T2, each of the first through the third back
pressure patterns PT1, PT2, and PT3 has a variable back pressure command
value which rises from the start low back pressure command value up to a
maximum back pressure command value. At the third or the intermediate
divided time duration T3, each of the first through the third back pressure
patterns PT1, PT2, and PT3 has a variable back pressure command value



Fi'g. 21'fillustrates a back pressure control apparatus according to a fifth
enbodi nent of this invention in a case where the back pressure contro
apparatus is applicable to the hydraulic injection nolding machi ne. The

illustrated back pressure control apparatus is simlar i %Qﬁéé ctére @}d
operation to that illustrated in Fig. 4 except that the o %grg %rug
control apparatus conprises a conbination of the hydraulic actuator 11A and

the pressure control valve depicted ad inlieu of a conmbination of the
servonotor 11 and the notor driver 30 illustrated in Fig. 4. Fig. 22

erboai mont - of T oL QALY aarT i HeuBRER] 8RR SR, el HEL N, 2

enbodi nent o ntion in a case K" pressure control
appar at us i s nagfiumdsdikepriess tieecdmychaad viatue. nj Atche dountto bdthegtratiody divededThe

oper at | on ¢ o IHEHOFRTS .44 Phine; ol Branas she THER ek Phess Patiess
control appapstlSTREd B Aas ATHENASIE pHERURY omthid Faluslpichl LA and

the pressure control valve 30A in place of a conbination of the servonotor
11 and t he migletively iabeuptiycfalls frost thet medium biagk pBesstirg copgnand valugde ds a

back pressur ntrol apparatus according to sevent badj,. this
invention i nﬁagﬁggvebw'%sﬂ@ m@agpggg\ﬂereAﬂgﬁé@g&ﬂﬁé%%@%@@ t@&%t r ol
appar at us i s dapRldnchb) 8adiPot R frstirBlyl thoiteed babk FRdddiung paREMseT 1 The
illustrated back pressure control apparatus is simlar in structure and

operation toRTRagndIATEshaseaa@riahledpack pressxicepamead wahes whish friftsEore

control PPy ﬁﬁ@lﬁ?v%c@?g%%ﬁ?@méhgpame tto%zé‘r%déaac‘ﬁ'd gsﬁﬁé%ﬁmﬂha&% and

t he pressure a conbination'o € Sservonot or
11 and the notlue.driver 30 illustrated in Fig. 12. Fig. 24 illustrates a

back pressure control apparatus according to an ei ghth enbodi nent of this
invention in a cad® %\[ﬁg{z& ttvﬁep%%weﬁw@é F‘éh%gﬁFkG?e%?b‘ﬁ%Pétt%@ having, 18 cabl e
to the hydrayhiigolellaRKdress relhiifiafBG8iRAwniER dtihUskdR RS RCKitRRRE SUT ©
control apparatus is simlar in structure and operation to that illustrated
in Fig. 16 ekeelppradsare comnisrnckvaiue salated todhe sotevapgicaadtions inshapt wika a
conbi nation qf the hydraulic actuator 11A and the pressure control valve
30A on behal PNEROPNESFMIFERONGRNSF t he servomptor 11 and the notor driver 30

illustrated in Fi gs sHowr it Fg8i 13 troudiabeasctobf tHesfirsOford the thi@ baskk
pressure detector 18 may be a resin pressure detector disposed on the head

portion 20-4P[gssyre pattemstAE! SXTHaNER T Ehesemenntain-gheped gartionexcept
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has, as the al n- shap portions, fee es o
confi gur at i oasd Tithe Resplonsiveststhe bpak pezssunagohtivbevealset by timo levebsettingaped
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up and down along the ordinate. For this purpose, the determining section
42B includes a memory 4218 for preliminarily storing the mountain-shaped
portion of the back pressure pattern as a standard configuration.

Now, the description will proceed to operation of the back pressure
control apparatus illustrated in Fig. 12. An operator first operates the level
setting section 41 to make the level setting section 41 set the back pressure
control level. The level set signal indicative of the back pressure control fevel
is supplied to the determining section 42B. Responsive to the level set signal,
the determining section 42B determines, on the basis of the back pressure
control level, the back pressure pattern as illustrated in Figs. 13 through 15 to
produce the pattern signal indicative of the back pressure pattern. The
controller 26A is also supplied with the time instant signal indicative of the
screw retreat time instant from the counter 45 and with the pressure detected
signal indicative of the back pressure detected value from the back pressure



This conputer, for exanple, may include a mcroprocessor, a non-volatile
menory (for exanple, a ROMor a hard disk drive) for storage of a program
to carry out the calculation or selection of the above-noted patterns and a

vol atile nmenmory (for exanple, RAM to tenporary store th oqr ans d
data. Further, while the figures illustrate the determ n?RQ‘J}%‘%ﬂ%?ﬂ?@
being separate fromthe controller, the determ ning section and controller
may be enbodied in a single conputer. L8Jel setting section 41 and

shar pness sel ecting section 43 can be any type of conputer input device.
Control | ers @&eatod 136Aramh the amplifign2s. of Residnskveotonthestrew|rereastirneabl e -

f th t de th ki |
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met hod of controlling b pressure in an injection nolding machine
i ncl udi ng anvarrqbée;badhpmuceecmmargd valuedndioated\nyi thedrackdressaeipadieresi n

powder therein,to e.le i ten resin, a screw di sposed
in said heaﬁhﬁbc% ?#@%&e%g%ﬁ%%%ém{%mﬁ% esin in said heating
cylinder forward $gedBiflly, tHaecdmtdlien 26RSeBogRiRgs arcuriting etiednraaial tiy
operatively coupled to said screw for dri v@wgpsal d screw al gng an axi al

di rection t dngignetrem the tiroe instantedgnalmsedy hihsceUMentd @&e&mq $feTew
forward, saigh gBERRACRATRE! SSM8sklGerthyRie Yontroller 26A compares the back

pressure detected value with a current back pressure command value in the
pattern signal that corresponds to the current screw retreat time instant to
obtain a current pressure difference between the back pressure detected value
and the current back pressure command value. Thereafter, the controller 26A
controls a current or an output torque of the injection servomotor 11 via the
motor driver 30 so that the current pressure difference becomes zero or
becomes approximately zero.

In addition, as described above, the back pressure pattern has the final
low back pressure command value at the fifth or the final divided time duration
T5. As aresult, although the rotation speed of the screw 20 decreases at the
fifth or the final divided time duration T5, the screw retreat is not changeable
and the screw 20 does not race at this position. Although the first through the
fifth divided time durations T1 to T5 have time intervals which are one-tenths,
two-tenths, four-tenths, two-tenths, and one-tenths as large as the screw
movement time interval T, respectively, in the above-mentioned embodiment,
each of the first through the fifth divided time durations T1 to T5 may have a
time interval which is suitably selected.

As is described in conjunction with Fig. 3, in the conventional back
pressure control method, the operator must set three fixed back pressure
command values: the first fixed back pressure command value P1 immediately
after start of screw rotation in a plasticization and metering process, the third
fixed back pressure command value P3 immediately before completion of the
plasticization and metering process, and the second fixed back pressure
command value P2 during a normal plasticization and metering process.
Preferably, the operator must set four fixed back pressure control values as



sel‘ecting a back pressure control |evel; determ ning, on the basis of the
back pressure control |evel, a back pressure pattern having a variabl e back
pressure conmmand val ue which continuously changes with respect to a retreat
position of said screw at | east at a maxi num back pressugﬁbgonnagd é@¢£e;
and controlling said back pressure in accordance with th Eﬁmﬁ &5
pattern. 2. A nethod as clained in claim1, wherein said injection nolding
machi ne conprises a notor-driven injecti®h nol di ng machi ne incl udi ng an
injection notor as said injection actuator, the controlling of said back
pressure bei riusdeated sda buekesylinmat Figl Bi nn addition.car ragardna gomyiratiancef

notor. 3. A . i i i rein .9 J.nj j ; i ng
machi ne corrpPéleé@gg'ggﬁé?%gagfﬁ%eﬂeg%ﬁggﬁw I‘%l%%é%gh%\ﬂgﬂﬁ#cﬁ%ﬁggan
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pressure bei ng car rtj ed out b% controlling an cgu‘t)‘é)ué, torque of said

i nj ection not'Eireakof the serawdVagamely, faawing 2naKReading/9eesismadiiy i nj ecti on
nol di ng machi ne ¢ | d s AL Y i L J hingliydi Ng a
hydraul i ¢ act uat o?ﬁgghggghﬁitméé(r:rf{lﬁgn&adg[bdgtg%#@r':[cﬁgﬂoggﬁ‘tg?o |ér11%%6 'Hgaﬁjd back
pressure bei rige dhird ieetbarimeb otthig inviehtion, tnedoperbiar mag ssuoelyafneshback

hyd i tuator. 5. A nethpd | aj [ laim1, . wh ' i d back
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of rotation of said screw, said screw noverent stroke being divided into a
first divi dedledemyRingrsggtion, 428.1 dadhisge\dnii ihedoparataenaefiisdiset the back

i vi ded st r ooy elf SR aP e Bt lowhid ipecieny ey e e neg piaitre
pressure pat tehirohvehig ddmiderstibbecdraiitony esiheretréanarand serwI20 Wtatds
shifts froma zero back pressure comand value to a start | ow back pressure

command val u@ffastdischarged fimmitae maeftarvresin it nose pestian ehihenBeating t 1 ow

back pressure,g I um b / mgﬁn e wth
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final |ow ba%hi?h%wsﬁmqﬁ@,@@f%d{q,@bsgm_ trailing divided stroke
region, and shifts fromthe final |ow back pressure conmand val ue to the
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That is, the back pressure pattern has only one type of mountain-shaped

portion. However, the back pressure control apparatus preferably may
prepare or produce the back pressure pattern having one selected from a
plurality of mountain-shaped portions in the manner which will presently be
described. In other words, the back pressure pattern may have two or more
types of mountain-shaped portions.

Referring to Fig. 16, the description will proceed to a back pressure
control apparatus accerding to a fourth embodiment of this invention. The
illustrated back pressure control apparatus is similar in structure and operation
to that illustrated in Fig. 12 except that the back pressure control apparatus
further comprises the sharpness selecting section 43 and the determining
section is modified from that illustrated in Fig. 12 as will later become clear.

The determining section is therefore depicted at 42C.

Responsive to the sharpness selected signal supplied from the

sharpness selecting section 43, the determining section 42C determines, on



7.~:A nmethod of preparing a back pressure pattern for controlling back
pressure in an injection nolding machi ne including an injection device
having a heating cylinder for heating resin powder therein to nelt the

resin powder into nolten resin and a screw disposed in said_heatin
cylinder for feeding the nolten resin in said heating cy?#ﬂ@@tc m63£992to

neter the nolten resin, said nmethod conprising the steps of: selecting a
back pressure control level; and determ 8bng, on the basis of the back
pressure control level, the back pressure pattern having a variabl e back
pressure commthedbasis 0éthehbabk prasisuraicontigl levelngd=ckiprasswepadtern dasinget r eat

position of said .screw at |least at a maxi num bac ressure command val ue to
repare the backBPESBRRk PSRt ROmEaT YBERUSE Bndnnetey RRENar v
wherein said RagkcPiehsWcPeWefr&tNin S ifdedritne th&n drihe r Weiideatll heoné eraef
said screw in a screw novenent stroke between a start of rotation of said

screw and a sédpadesaidiondriostedsai d hecdi@rmisingisectianf #e pepduressa paftern

bei ng di vi ded_; Lk [ V) j,on; i YA Shroke
regi on) an i ntGRRRpEicelE of MR bEGpREEIEAERN 1T R SheCl K RRIRHL S
region, and atoftheadontiiolled28Ast Ablry ratg] @contanatidracihkthpriess wettingas eation

havi ng the variabl e back pressure conmand val ue which shifts from éo
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pressure comrié}q I 6 S T Gk VA ; < gl : f t he
start | ow bac p?ggéséju?esé%gnﬁg%%su\%lpggbm%?ﬁ%ﬁn@mmﬁgggp%ﬁ%@gﬁ?eséc?glrrrrand
val ue with a presdeteepatieradvitheespeetto tamet he | eadi ng di vi ded stroke region,

falls relatively gently fro he_ nmaxi num ba ressure co d valye to a
redl um back. pr evs (RBSEURTURED 1 RAPKRIOERUS R RE 4TS AN aame Msre
region, fall Ssi@ﬁé@tﬁé’@éMr@l@rQBWdérfié@ﬁhi B@c%@sﬁmé’é‘@ﬁr&ﬁﬁééé@r@aﬁ@gﬂ_ﬁfm
value to a final | ow back pressure command value at the trailing divided

stroke regi onthegigdtesnisignal by sreanseoffqonanollingvihpdajrchie® sevosidonhhng gl ue to
t he zero back §foﬁesd§h'/re?3 ommand val ue at the final divided stroke region. 9.
| I'n

A method as cl' laim 8, wherein the predeternined sharpness is one

sel ected from a plRetdriiby toFiggharpn@sses19 iadditiortd Ety.of6, tentiesdrigtion back
pressure in an_i nlj ecti on nol di ng machi ne i ncl udi n% an 1 njection device
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O VT, S A8 AR PR B . A LA OP, e B8l A B 51

of : a first medium back pressure pattern PT1M; and a first gentle back pressure
pattern PT1G when the back pressure control level set by the level setting
section 41 is relatively low. Fig. 18 shows three second back pressure
patterns: a second abrupt back pressure pattern PT2A; a second medium back
pressure pattern PT2M; and a second gentle back pressure pattern PT2G
when the back pressure control level set by the level setting section 41 is
medium. Fig. 19 shows three third back pressure patterns: a third abrupt
back pressure pattern PT3A, a third medium back pressure pattern PT3M; and
a third gentle back pressure pattern PT3 when the back pressure control level
set by the level setting section 41 is relatively high.

As shown in Fig. 17, the first medium back pressure pattern PT1M
corresponds to the first back pressure pattern PT1 illustrated in Fig. 13. The
first abrupt back pressure pattern PT1A has a maximum back pressure
command value which is higher than that of the first medium back pressure
pattern PT1M. The first gentle back pressure pattern PT1G has a maximum



selsecti-ng a back pressure control |evel; determ ning, on the basis of the
back pressure control |evel, a back pressure pattern having a variabl e back
pressure conmmand val ue whi ch continuously changes with respect to tine at

| east at a maxi num back pressure conmand val ue; and cont wl%q& sai ack
pressure in accordance with the back pressure pattern. 1T hRS?
claimed in claim 10, wherein said injection nolding machi ne conprises a

not or-driven injection nolding machi ne 3écl uding an injection nmotor as said
i njection actuator, the controlling of said back pressure being carried out
by contr ol | ibagkaressurerdonorhasdivéluejwdidh isnower dnan fHat oA theffikidnadiual ai med
in claiml0, V\/Rerei n said i nh %M'aon nol di ng machi ne conprises a

mot or - dr i veMaCKjPERII WS PRELH g chine including an 20 Decenber 2002 46

i nj ection nmotor a%eikd th@jé’e%herr‘né’&iP Sk pleldsufd tfé?h'ﬁ%ﬁlfus%%géh back

pressure being carried out by controlling an output torque of sai .
i nj ecti on min &ig. 18korrespentiedo twe seéeintbbladknpreisaura patternitirkillustsatied in
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of said baclyapk @sessife BBhIMand value which is higher than that of the second medium
back pressure pattern PT2M. The second gentle back pressure pattern PT2G
has a maximum back pressure command value which is lower than that of the
second medium back pressure pattern PT2M.

Similarly, the third medium back pressure pattern PT3M illustrated in
Fig. 19 corresponds to the third back pressure pattern PT3 illustrated in Fig.
15. The third abrupt back pressure pattern PT3A has a maximum back
pressure command value which is higher than that of the third medium back
pressure pattern PT3M. The third gentle back pressure pattern PT3G has a
maximum back pressure command value which is lower than that of the third
medium back pressure pattern PT3M.

Each of the first through the third abrupt back pressure pattern PT1A,
PT2A, and PT3A has the first mountain-shaped portion. Likewise, each of
the first through the third medium back pressure pattern PT1M, PT2M, and
PT3M has the second mountain-shaped portion. Similarly, each of the first
through the third gentle back pressure pattern PT1G, PT2G, and PT3G has
the third mountain-shaped portion.

It will be assumed that the sharpness selecting section 43 selects the
first sharpness as the selected sharpness and the level setting section 41 sets
a low back pressure control level. In this event, the determining section 42C
produces or prepares the pattern signal indicative of the first abrupt back
pressure pattern PT1A as illustrated in Fig. 17. It will be presumed that the
sharpness selecting section 43 selects the second sharpness as the selected
sharpness and the level setting section 41 sets a medium back pressure
control level. Under the circumstances, the determining section 42C
produces or prepares the pattern signal indicative of the second medium back
pressure pattern PT2M as illustrated in Fig. 18. It will be assumed that the
sharpness selecting section 43 selects the third sharpness as the selected



carriedout by controlling hydraulic pressure of said hydraulic actuator.
14. A nethod as clainmed in claim 10, wherein said back pressure pattern is
defined by the retreat tine instant of said screwin a screw novenent tine
i nterval between a start of rotation of said screw and aﬁ&p of rotation
of said screw, said screw novement time interval being di4H He8emben2802i r st
divided tinme duration, a |leading divided tine duration, an internedi ate
divided time duration, a trailing divide@7tinme duration, and a final
divided tinme duration, said back pressure pattern having the variabl e back

pressure Comnéirpwebyenuhhéhb»@ln'sétttiagfsre@ﬂbmzwas Batdh paeis pressucosonind val ue
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back pressure conmand ue to the zero pressure conmand val Ue at the
final divi dedseleateddvemttherfirstitbrougminenibirdamogntaimeaped ppeioms14 Thighisr ei n

Shar pnessee.  agcaue b arof s R, SR ta o' Rl Bbdf st ng moteen
control i ng bagk &y BSMbi€ed.n an injection nol ding machi ne including an

i njection device having a heating cylinder for heating resin powler therein
to melt the resin PogEiBEalieBentitn Wi bediracteadosesip semh @sspriymidenvagied
heating cylin r | I b | i« heat.ng | der
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pressure conmand val ue to prepare the back pressure pattern.
pressure command value at the leading divided time duration T2 and which
has an abrupt slope with the retreat of the screw 20 at the intermediate divided
time duration T3. Attention will be directed to resin such as acrylonitrile
butadiene styrene resin (ABS), polycarbonate, olefinic resin such as
polypropylene, polyethylene, and polystyrene. Under the circumstances, it
is necessary for such resin to make the back pressure pattern gentle, like in
PT1G, PT2G, and PT3G, which has a relatively gentle transition from the start
low back pressure command value as it approaches the maximum back
pressure command value at the leading divided time duration T2 and which
has a gentle slope with the retreat of the screw 20 at the intermediate divided
time duration T3. Attention will be directed to resin such as poly butylene
terephthalate (PBT) resin. In this event, it is necessary for such resin to make
the back pressure pattern medium, like in PT1M, PT2M, and PT3M, which has
a medium transition from the start low back pressure command value as it
approaches the maximum back pressure command value at the leading
divided time duration T2 and which has a medium slope with the retreat of the
screw 20 at the intermediate divided time duration T3.

Responsive to the back pressure control level set by the level setting

section 41, the mountain-shaped portion of the back pressure pattern selected



17. A method as clained in claim16, wherein said back pressure pattern is
defined by the retreat tine instant of said screwin a screw novenent tine
interval between a start of rotation of said screw and a stop of rotation
of said screw, said screw novenent tinme interval being di}ﬁ lSed iﬁt%o (gqfi rst
di vided tine duration, a |leading divided tine duration, AtePRELFER%
divided tinme duration, a trailing divided tinme duration, and a final
divided tine duration, said back pressur®pattern having the variable back
pressure command val ue which shifts froma zero back pressure comuand val ue
to a start | dwy thecthapesssusaectimgeendionaddghifts uphend dowh atbing theddrdinae.
duration, ris fromthe start, | ow back pressure comrand val ue the
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final divided tine duration. 18. A nethod as clained in claim 17, wherein
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a back pressure detected val ue of tRe back pressure and with a screw
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means for selmotntain-ahineek portss goaespoviding toethel saledicdosharphpss.t i Tige a

| evel signal jndicative of the sel ected back pressure control. |evel;
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indicated by the | evel signal, a back pressure pattern having a variable
back pressur e Thergritiplienlos isischs wiedrwituthe/timednsgiest signal indisptive of o a

valver sara dfaeleuRRAETRE Ranichil B Sl RE, B B RE R BT e
back pressur eletedteé signairticativendfripé lbatk peestues idetedted saiue fetgh eerbating

means, sai d back pressure . i
pressure detector 18 through the amplifier 25. Responsive to the screw

retreat time instant indicated by the time instant signal, the controller 26A
carries out back pressure control so that the back pressure detected value
coincides with the variable back pressure command value indicated by the
selected back pressure pattern that corresponds to the screw retreat time
instant. Specifically, the controller 26A recognizes a current screw retreat
time instant from the time instant signal produced by the counter 45 after the
screw 20 begins to rotate. Subsequently, the controller 26A compares the
back pressure detected value with a current back pressure command value
in the pattern signal that corresponds to the current screw retreat time instant
to obtain a current pressure difference between the back pressure detected



det-ect o, and said screw position detector, and operatively coupled to said
i njection actuator, for controlling, in response to the pressure detected
signal and the screw position detected signal, said back pressure in
accordance with the back pressure pattern by neans of Sﬁ;%)b%ieﬁékgg
actuator. 20. A back pressure control apparatus as cl ai Cg Q@?
said injection nolding machine including a notor-driven injection nolding
machi ne having an injection notor as sai @9 njection actuator, wherein said
controller carries out control of said back pressure by controlling a
current of sawdiuenpadtthencaoent bazk . prasbarek comesand eatent r Dherapfiar,athes as

claimed in claim1l9, idinjection noldin chine including a
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A back pressugerccorbeaimeppppraximataly zgrai ned in claim 19, said injection
nmol di ng machi ne i ngl udi a, hydraul i c i.nject.ian |.di machi ne vVing a
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relatively gently fromthe maxi num back pressure conmmand value to a medi um
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pressure control level by means of the level setting section 41 and may select

one of the first through the third sharpnesses by means of the sharpness
selecting section 43 and then the selected back pressure pattern is
automatically determined or prepared by the determining section 42C. In this
event, the operator may first set the back pressure control level rather low and
subsequently may raise the back pressure contro! level in consideration of
conditions of the retreat of the screw 20, states of gas discharged from the
molten resin in the nose portion of the heating cylinder 21, or color of the
molten resin.  Such work is extremely easy in comparison with conventional
setting work for the combination of the fixed back pressure command values
and the switching positions therebetween and skill thereof is not necessary.
incidentally, the back pressure pattern produced by the determining
section 42C is displayed on a display screen of a display device (not shown).
In this event, by means of a well-known arrangement such as a light pen, a



in‘an injection nolding machi ne including an injection device having a
heating cylinder for heating resin powder therein to nelt the resin powder
into nolten resin, a screw disposed in said heating cylinder for feeding

the nolten resin in said heating cylinder forward to net | t

resin, and an injection actuator operatively coupled to ?&’.‘é%ﬁ@%f@
driving said screw along an axial direction to inject the nolten resin
netered in said heating cylinder forward40said injection device being
provided with a back pressure detector for detecting back pressure of the
mol ten resin sharpaesk bkthiel barkaqyressurerpdtiean displapddeoe theabisplyaicresn thaycr ew
to produce a @ges{sur deta,(f,t sd signal indicative of a back pressure
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means of sai dPrEA$WEtGaRtrchvalyatvdiich nall preseady berdesstipedcont rol apparatus as

clainmed in claim il bnjecti i i j i . -
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injection notor as said injection actuator, wherein said controller carries

out control d¢ thal Huslstedpndsigufteexppt tratrtbelhasy rressurepcanttad pparatissai d
24 “sai i nj SeRes A RROT RBIRT R FiacblibRle BEABRR TSGR BR s l aing
machi ne control valve depicted ad 30A in lieu of a combination of the servomotor 11

and the motor driver 30 illustrated in Fig. 4.

Fig. 22 illustrates a back pressure control apparatus according to a sixth
embodiment of this invention in a case where the back pressure control
apparatus is applicable to the hydraulic injection melding machine. The
illustrated back pressure control apparatus is similar in structure and operation
to that illustrated in Fig. 8 except that the back pressure control apparatus
comprises a combination of the hydraulic actuator 11A and the pressure
control valve 30A in place of a combination of the servomotor 11 and the motor
driver 30 illustrated in Fig. 8.

Fig. 23 illustrates a back pressure control apparatus according to a
seventh embodiment of this invention in a case where the back pressure



. 20 Decenber 2002 51 having a hydraulic actuator as said injection
actuator, wherein said controller carries out control of said back pressure
by controlling hydraulic pressure of said hydraulic actuator. 28. A back
pressure control apparatus as clainmed in claim?24, mhere;& ai d agcﬁ
pressure pattern is defined by the retreat position of s -dﬁggwg F 7002
screw novenent stroke between a start of rotation of said screw and a stop
of rotation of said screw, said screw nodénment stroke being divided into a
first divided stroke region, a |leading divided stroke region, an

i nt er medi at e dontrslesbpriratoisels raygilieableatot thei hydrgukil injeltidnsioieg meadine. and a
final divided_stroke regjl on sai d determ ni ng neans determ ni ng the back
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falls relatively abruptl K fromthe medium back pressure conmand value to a
final |ow back preElQuP-é idestraies! avtaacxkepr@sswreecmrrtmlIap@@raiueuaa‘.eqrcm tkan

Jero back. pr cg0rEe AR AR nyeion TRt SISO GRS HRR b R b
back pressur eamedragisnisPappitdaid toinhé Hyalraliceffedtivn mdiding maekingr eTpat tern
for controlling back pressure in an injection molding machine including an

i nj ection devlil@%trafadub@@k@rﬁ%%tre m@nt;ryl apPRRYBtYSOS Siraban Iﬁ@twééurﬁ pHSVRRETatIRRr ei n
to nelt the r 1.t I d
heating cyli n Stlhg mgwg{e :'ﬁgi:-q %{%P?étﬁtﬁrhggh%gg?%é rﬂﬁﬁgeag)ﬁa?% glr
forward to rre:tc&npmifeas aod:mﬁbmraesn rof hei hydrachc prcsstor ¢1Aaamd9rthfe pregsureng

cont rol | evel CHEp! VAo o BATEEIRG! @ eringien of W ssvpTRter || BddBeect ed
LaFecht . rocERier SoNMlar gl r 10, TEne EoTTPeLed (f o ¢ evel
pressure control | l@va;ldmrqmn@s;eedl’of the load cell, the back pressure detector 18 may
be a resin pressure detector disposed on the head portion 20-4 (Fig. 2) of the
screw 20. Furthermore, although the description is made as regards in a
case where the back pressure pattern has, as the mountain-shaped portions,
three types of standard configurations, the back pressure pattern may have,
as the mountain-shaped portions, four or more types of standard
configurations.
Determining sections 42, 42A, 42B and 42C may be any computer.
This computer, for example, may include a microprocessor, a non-volatile
memory (for example, a ROM or a hard disk drive) for storage of a program
to carry out the calculation or selection of the above-noted patterns and a
volatile memory (for example, RAM) to temporary store the program(s) and
data. Further, while the figures illustrate the determining section as being
separate from the controller, the determining section and controller may be
embodied in a single computer.
Level setting section 41 and sharpness selecting section 43 can be any
type of computer input device.
Controllers 26 and 26A can be any type of well known controller
suitable for the controls described herein, as will be apparent to those skilled



20 ‘Decenber 2002 52 by the level signal, the back pressure pattern having a
vari abl e back pressure command val ue whi ch conti nuously changes with
respect to a retreat position of said screw at | east at a naxi num back
pressure command val ue, said determ ning nmeans producing hﬁ{ i~gnal

i ndi cative of the back pressure pattern. 30. A back presggF%ﬁ% e%gﬁog
preparing unit as clained in claim?29, wherein said back pressure pattern
is defined by the retreat position of sa2d screw in a screw novenent stroke
between a start of rotation of said screw and a stop of rotation of said
screw, said $eresvdrDveRmsthatvelpkeomedigs 6/ igheld 26At @a® e eRibodiied @ed st roke
region, a |eading divided stroke region, an internedi ate divi ded stroke
region, a tr&PMPWL i vi ded stroke region, and a final divided stroke
region) said determ ning neans determ ning the back pressure pattern having
t he variabl e back pressure conmmand val ue which shifts froma zero back
pressure command value to a start | ow back pressure command val ue at the
first divided stroke region, rises fromthe start | ow back pressure command
val ue to the nmaxi nui back pressure conmand val ue with a predeterm ned
sharpness at the |eading divided stroke region, falls relatively gently
fromthe maxi num back pressure command val ue to a nedi um back pressure
command val ue at the internediate divided stroke region, falls relatively
abruptly fromthe medi um back pressure command value to a final |ow back
pressure command value at the trailing divided stroke region, and shifts
fromthe final tow back pressure conmand value to the zero back pressure
command val ue at the final divided stroke region. 31. A back pressure
pattern preparing unit for preparing a back pressure pattern for
controlling back pressure in an injection nolding machine including an

i njection device having a heating cylinder for heating resin powder therein
to melt the resin powder into nolten resin and a screw di sposed in said
heating cylinder for feeding the nolten resin in said heating cylinder
forward to nmeter the nolten resin, said back pressure pattern preparing
unit conprising: level selecting nmeans for selecting a back pressure
control level and for outputting a |level signal indicative of the selected
back pressure control |evel; ,4 ~ 20 Decenber 2002 53



shar pness sel ecting neans for selecting, as a sel ected sharpness, one of a
plurality of sharpnesses in transition up to a maxi num back pressure
command val ue; and determ ning nmeans, connected to said | evel selecting

means and sai d sharpness sel ecting neans, for determnin
t he sel ected back pressure control |evel indicated by thgol[gg%ﬁ;rﬂg?mzs t he

back pressure pattern having a vari abl e‘ngk pressure comrand val ue which
conti nuously changes vvith respect to a retreat position of said screw at
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pressure command v ressure conmand val ue at the
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nmedi um back ressure nd,value tao a final | ow back pressure conmand
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back t t th
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final divided stroke region pressure contr ar at us or
control | i ng bhaimaxiesisuback presssui'eljcemm:md valliej and machi ne i ncI udi ng an

i njection device hav cylinder for heating resin,powder therein
Lo el t the 1 esi nSREIERS SHEAER pEes-BE T acgbrodhs, i FERAFY S hee
heating cyli pdgerf or feeding the nolten resin .| 20 Decenber 2002 54 in

said heating cylinder forward to neter the nolten resin, and an injection
actuat or operati vty AcBgihed asslaigiad Bcelainforwhareln ﬁ@fdslaje&tl%rr@ Hidng an

axi al directj e t | i nder
forward) sai anr%c%:?oﬁ?%g%%c@%géeﬁ%ﬂ&? Jltlgb&fégl '\?\nbﬁﬁnéa ﬁ pr essurg Eﬁgt ect or
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| evel sel ectbeiggrearied olibby controlling an output torque of said injection motor.

4. A method as claimed in claim 1, wherein said injection molding
machine comprises a hydraulic injection molding machine including a hydraulic
actuator as said injection actuator, the controlling of said back pressure being
carried out by controlling hydraulic pressure of said hydraulic actuator.

5. A method as claimed in claim 1, wherein said back pressure pattern
is defined by the retreat position of said screw in a screw movement stroke
between a start of rotation of said screw and a stop of rotation of said screw,
said screw movement stroke being divided into a first divided stroke region,

a leading divided stroke region, an intermediate divided stroke region, a trailing



determ.ning, on the basis of the selected back pressure control |evel

i ndicated by the |level signal, a back pressure pattern having a vari able
back pressure conmand val ue which continuously changes with respect to tine
at | east at a maxi mum back pressure conmand val ue, and fg%)BrodUﬁing @%
pattern signal indicative of the back pressure pattern; d-SCLORET P02
connected to said determ ning neans, said, pack pressure detector, and said
screw retreat tine instant generator, and‘operatively coupled to said

i njection actuat.or or._controllin in.r.espons r [ cted
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pressure control apparatus as clainmed in claim33, said injection nolding
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hi | t | di i
havi ng a hydré%'lag\’:e &%lblu'ggtb'lr L{glﬁlnrge‘?HPﬁk&?‘ﬁgwle%é{‘n S@Ph’%\rfbﬁg{%&‘é]p‘gél &l e
control ler Candw%cg?ﬁregﬁﬂérﬂmrﬂéP&%mebﬁ%emm@wﬁna% §Pokd RidibMY%nd

hydraul i c pressure of said hydraulic actuator ! back pressure control
appar at us as @h#isrisdmi me:lflaahiaw; bamepressureac@nmw paigsstor epzgnoeback s
defined by the retreat tine |n & screw novenent tine
i nterval bet m@é%ssgrgpgmm%@d ?’8 6Ip|e hf‘a @e@g&%ee{ﬁglog stop of rotation
of said screw, sai@, sm%tmuea@nélamw im NgIgkY @, WRéRGn dhei stedeightnegd first
di vided tine duration, a Iead| ng divided tinme duration, an intermediate

di vi ded tine &hamNess is anessi qte@frem/a@éuatlwreésaafma%ﬁs and a final

pat tern havi ng 1 he art T pSflebeah R BRA e el SRl it BogET T 2
zer o back pregpsesserre imaninjegtidrumdiding nmadmrbe inmludiag lenpnjesson decioemanthgral ue
o varve SR SUTBRCI R bbb T LRRAF SoRoEr ="
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relatively gently fromthe maxi num back pressure command val ue to a medi um
back pressur e malignaesini said Heating cyirdarfeavanddodnetierde matiendesin iseid

final | ow bach gy LS R AE8 BE Lt " e tra ing divided Cime
duration, and shi f sslectingat heckf preatudecsw vt keviel.esgur e command val ue to the
zero back pressur ® gefammining, on e Bhsis o the Back pressure confrol 16vel- ihe back
pressure pattern having a variable back pressure command value which
continuously changes with respect to a retreat position of said screw at least
at a maximum back pressure command value to prepare the back pressure
pattern.
8. A method as claimed in claim 7, wherein said back pressure pattern
is defined by the retreat position of said screw in a screw movement stroke
between a start of rotation of said screw and a stop of rotation of said screw,
said screw movement stroke being divided into a first divided stroke region,
a leading divided stroke region, an intermediate divided stroke region, a trailing
divided stroke region, and a final divided stroke region, said back pressure

pattern having the variable back pressure command value which shifts from



38:* A back pressure control apparatus for controlling back pressure in an
i njection nolding machi ne including injection device having a heating
cylinder for heating resin powder therein to nelt the resin powder into
nolten resin, a screw disposed in said heating cylinder fQr~feed] ng e
nolten resin in said heating cylinder formard to neter t Q%'@Bh %éé21
and an injection actuator operatively cou ed to said screw for driving
said screw along an axial direction to in ect the nolten re5|n nmetered in

said heating cylinder forward, said inj ectlon d rovided with a
back pressure cﬁﬁr%g@G'F pf%ﬁsud%tcéa’?ﬁbdlé 3 tBraegégy ? re EAMBRNY i n

d heat f
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conprising: | geatly fehPiHe mexima@nodcRrpress @etdommanbackudioes mediurPbadio!
| evel and for outputtlng a level signal indicative of the sel ected back

pressure cont PERSSUE Commsaad pridee adthecintergaiatasdivisiedsstrele iragionadalis

ot mum back. ngtesly SBElToR b ediinad R R an ALK 8R40, G °
| evel sel ecti gy beak presslirs abchrsded paRRSatstAk erdilintgdivRRASstrdkes redidreraficni ng,

on the basis of t he selecéed back pressure control |evel indicated by the
| evel signal , SBiftsaffRMpihes W'e‘%@?@‘ﬁ PrSsHIB CUNVENHaralde Badkeprerasha

command val ueoiisee EBMANPHALY # BAOFES QbBASHRREGEqbA i e at |east at a

maxi mum back Bressure command val ue, the pressure pattern having a
mount ai n- shaped po#t i én niethiodesls bs}amhm seloaired, shierpiedlss madetedairead ni ng
means producin pattern_ si nd| Ca&'}rﬁﬁﬁoﬁ he back pressure pattern;
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and a control Fg?%nfﬁﬁr'%%%ae%&?% MR P APAESSERai d back pressure

detector, and sai d1BCr AWnidL Rt cbh%lluh@%@dktp&%@featrpén iﬁj@‘étnérﬁ)%é‘lﬁjmﬁ
coupl ed to said injection actuator, for controlling, in response to t

pressure det edtashing @@wdlr:emantrm@ctmrr@avm baning isgheatingsaylindeadkr peatingure in

et uator 30, ki RauREs SnBSR Y ReRaht ety boERR G PRl P L b e
said injecti omsvmobéd iy saldieatiagi oyiihdel fog feeding tie Moitéanesinjieekiconeatingi ng

machi ne havi ng an I%’M’Ctl on nmotor as said inj ftél on .actuator, wherein said
control | er cafylinger AR P’tﬁtebﬁ"esrapﬂe%é%s&np? g@ﬂ@ew%éqyaggr|qpﬁ@atyely

current of sagg,hBHES ShRNsEFBWYbr driving said screw along an axial direction to inject
the molten resin metered in said heating cylinder forward, said method
comprising the steps of:

selecting a back pressure control level;

determining, on the basis of the back pressure control level, a back
pressure pattern having a variable back pressure command value which
continuously changes with respect to time at least at a maximum back
pressure command value; and

controlling said back pressure in accordance with the back pressure
pattern.

11. A method as claimed in claim 10, wherein said injection molding
machine comprises a motor-driven injection molding machine including an
injection motor as said injection actuator, the controlling of said back pressure
being carried out by controlling a current of said injection motor.

12. A method as claimed in claim 10, wherein said injection molding
machine comprises a motor-driven injection molding machine including an



40: A back pressure control apparatus as clained in claim38, said
i njection nolding machi ne including a notor-driven injection nolding
machi ne having an injection notor as said injection actuator, wherein said

controller carries out control of said back pressure by rollin
out put torque of said injection notor. 20 Decenber 203’3"@%0%56'%?@(%

pressure control apparatus as cl ai ned igﬁglain138) said injection nol ding
machi ne i ncluding a hydraulic injection | di ng machi ne having a hydraulic
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cl aim 38, wherei'n said bac ressure pattern 1s defined by the retreat tine
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| eadi ng di vi detliatomas slaitidhjeotion adtuatdretheechratatling vf skid backpreisuad being a
trailing divided tinme duration, and a final divided tine duration, said

det er mi ni ng RRHIRS Qi sRMHIAlG Medrabkripssyt P es A TarabliRAFYRIOt he vari abl e
back pressure co nd av L S : : SSdk nmmand
val uept 0 a start rrIpfg\'/v éaﬁtéf@?%@g(ljér?aeﬁ(;goamﬁgﬁ%wam}ozﬂrg{rﬁgg‘b |t%;scftR %’:éslggfeég time
durat i on,b r ikpeﬂelfrr dsndefigedt b%tthda ongtrieat I{irr]rp)e ﬁsstantle orfosadiarwﬁbrml ine at scnehﬁ

maxi mum back pressure. command, val ue wt el.ect shar pness, at, t he
Teading di vi BIRYSTTGRE Lok AUEGR! DEMaan  Stat PLETGIQAL PoorSCon @re Sriidfmum
back pressur gf EABTENEf y@ihl&g&érw, nidae} ket ERTdnbe G aMBERG dradeteifs the

intermedi ate divided tine ation, falls relatively abruptly fromthe
medi um back prfesistivideddimaddratioinue leadingfdiviaed tiow darekiopr 2% temnediateand

back pressur EVGHMARE PrEier i boflEo de fe APEudh e RIS (e
final dividedutdtion, Baidtiaor. predsure RreterPrRemy ehdaldrizible aeRagreggueni t for

preparing a back pressure pattern for controlling back pressure in an
i nj ecti on noFeMMANEHLAaMVIGR B PraR 29ip dack Presre cenHagihyalderea i ng

cyl i nder for i j rej . j r..Loto
ool ton 1 esi nsErEoY Sadiitegs BREmERBVEIL BONERL URCHARE dRMBT b8, |
nol t en resi nfrom $iee dtdreddwngacky presdare foonvwaand tvainetterthe heaxiodurerbasksi n,

For el eot | nb ¥ HiR ROPHBER e BoMop MEVEISTANtES Shawresaiat NG lsarieel
signal indi cahider) fheldiRafieH, FENLIDRENY BERRAHEM tREMAEMUNEYEEK pRiddure
command value to a medium back pressure command value at the
intermediate divided time duration, falls relatively abruptly from the medium
back pressure command value to a final low back pressure command value
at the trailing divided time duration, and shifts from the final low back pressure
command value to the zero back pressure command value at the final divided
time duration,
15. A method as claimed in claim 14, wherein the predetermined
sharpness is one selected from a plurality of sharpnesses.
16. A method of preparing a back pressure pattern for controlling back
pressure in an injection molding machine including an injection device having
a heating cylinder for heating resin powder therein to meit the resin powder
into molten resin and a screw disposed in said heating cylinder for feeding the
molten resin in said heating cylinder forward to meter the molten resin, said
method comprising the steps of:
selecting a back pressure control level;, and



h.~ 20 .Decenber 2002 58 determ ning neans, connected to said |evel
sel ecting neans, for determ ning, on the basis of the sel ected back
pressure control level indicated by the |evel signal, the back pressure

pattern having a variabl e back pressure conmand val ue whipﬁ ntinu y
changes with respect to tine at |east at a maxi num back e?gg?rglb%md

val ue, said determ ni ng nmeans producing gspattern signs! indicative of the
back pressure pattern. 44. A back pressure pattern preparing unit as
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rel atively geof totatioroof sdid sceew nsaid barshv mosemeant tiownimiersiaMaging divided irddi um
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Fal 1o rebati vBIJSUBPGBH RS FoiatioRe  iees DincbURRS e Rlob AT 8. 1 o
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duration, and shifts fromthe fins!™| ow back pressure comand val ue to the

zero back pregsiationc saidiigciapigssute adern maving vhelawriabie bagk apresauress. A

For control |+ RopiAle VALE LM Bl harh Beaelp SRRk oPdh B REITARE PR %
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to nelt the resin powder into nolten resin and a screw di sposed in said
heating cyl i nflem tha starbdowPadke PFASISUES COBYNANG vadyg do HBatMAYIMYT| Py
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divided time duration, falls relatively gently from the maximum back pressure
command value to a medium back pressure command value at the
intermediate divided time duration, falls relatively abruptly from the medium
back pressure command value to a final low back pressure command value
at the trailing divided time duration, and shifts from the final low back pressure
command value to the zero back pressure command value at the final divided
time duration.

18. A method as claimed in claim 17, wherein the predetermined
sharpness is one selected from a plurality of sharpnesses.

19. A back pressure control apparatus for controlling back pressure
in an injection molding machine including an injection device having a heating
cylinder for heating resin powder therein to melt the resin powder into moiten
resin, a screw disposed in said heating cylinder for feeding the molten resin
in said heating cylinder forward to meter the moliten resin, and an injection
actuator operatively coupled to said screw for driving said screw along an axial
direction to inject the molten resin metered in said heating cylinder forward,
said injection device being provided with a back pressure detector for detecting
back pressure of the moiten resin in said heating cylinder that is metered



59°| evel selecting neans for selecting a back pressure control |evel and
for outputting a | evel signal indicative of the sel ected back pressure
control |evel; sharpness selecting nmeans for selecting, as a sel ected

shar pness, one of a plurality of sharpnesses in transiti to,a | mum
back pressure conmmand val ue; and determ ni ng neans, conngqggc?'@b%%& evel
sel ecti ng neans and sai d sharpness sel ecygkng neans, for determ ning, on the
basis of the sel ected back pressure control |evel indicated by the |evel
signal, the b r AT V] j p %@Eﬁnd
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having an injection motor as said injection actuator, wherein said controller

carries out control of said back pressure by controlling an output torque of said
injection motor.

22. A back pressure control apparatus as claimed in claim 19, said
injection molding machine including a hydraulic injection molding machine
having a hydraulic actuator as said injection actuator, wherein said controller
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command value to a start low back pressure command value at the first
divided stroke region, rises from the start low back pressure command value
to the maximum back pressure command value with a predetermined
sharpness at the leading divided stroke region, falls relatively gently from the
maximum back pressure command value to a medium back pressure
command value at the intermediate divided stroke region, falls relatively
abruptly from the medium back pressure command vaiue to a final low back
pressure command value at the trailing divided stroke region, and shifts from
the final low back pressure command value to the zero back pressure
command value at the final divided stroke region.

24. A back pressure control apparatus for controlling back pressure
in an injection molding machine including an injection device having 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, and an injection
actuator operatively coupled to said screw for driving said screw along an axial
direction to inject the molten resin metered in said heating cylinder forward,
said injection device being provided with a back pressure detector for detecting
back pressure of the molten resin in said heating cylinder that is metered
ahead of said screw to produce a pressure detected signal indicative of a back
pressure detected value of the back pressure and with a screw position
detector for detecting a retreat position of said screw to produce a screw
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of a plurality of sharpnesses in transition up to a maximum back pressure
command value;

determining means, connected to said level selecting means and said
sharpness selecting means, for determining, on the basis of the selected back
pressure control level indicated by the level signal, a back pressure pattern
having a variable back pressure command value which continuously changes
with respect to a retreat position of said screw at least at a maximum back
pressure command value, the back pressure pattern having a mountain-
shaped portion defined by the selected sharpness, said determining means
producing a pattern signal indicative of the back pressure pattern; and

a controller, connected to said determining means, said back pressure
detector, and said screw position detector, and operatively coupled to said
injection actuator, for controlling, in response to the pressure detected signal
and the screw position detected signal, said back pressure in accordance with
the back pressure pattern by means of said injection actuator.

25. A back pressure control apparatus as claimed in claim 24, said
injection molding machine including a motor-driven injection molding machine
having an injection motor as said injection actuator, wherein said controller
carries out control of said back pressure by controlling a current of said
injection motor.

26. A back pressure control apparatus as claimed in claim 24, said
injection molding machine including a motor-driven injection molding machine
having an injection motor as said injection actuator, wherein said controller
carries out control of said back pressure by controlling an output torque of said
injection motor.

27. A back pressure control apparatus as claimed in claim 24, said
injection molding machine including a hydraulic injection molding machine
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inciuding an injection device having a heating cylinder for heating resin powder
therein to melt the resin powder into molten resin and a screw disposed in said
heating cylinder for feeding the molten resin in said heating cylinder forward
to meter the molten resin, said back pressure pattern preparing unit
comprising:

level selecting means for selecting a back pressure control level and
for outputting a level signal indicative of the selected back pressure control
level; and

determining means, connected to said level selecting means, for
determining, on the basis of the selected back pressure control level indicated
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10% o& ()-- @I9% gﬁd(gack}pressure pattern is defined by the retreat position of said
screw in a screw movement stroke between a start of rotation of said screw
and a stop of rotation of said screw, said screw movement stroke being divided
into a first divided stroke region, a leading divided stroke region, an
intermediate divided stroke region, a trailing divided stroke region, and a final
divided stroke region, said determining means determining the back pressure
pattern having the variable back pressure command value whiqh shifts from
a zero back pressure command value to a start low back pressure command
value at the first divided stroke region, rises from the start low back pressure
command value to the maximum back pressure command value with a
predetermined sharpness at the leading divided stroke region, falls relatively
gently from the maximum back pressure command value to a medium back
pressure command value at the intermediate divided stroke region, falls
relatively abruptly from the medium back pressure command value to a final
low back pressure command value at the trailing divided stroke region, and
shifts from the final low back pressure command value to the zero back
pressure command value at the final divided stroke region.

31. A back pressure pattern preparing unit for preparing a back
pressure pattern for controlling back pressure in an injection molding machine
including an injection device having a heating cylinder for heating resin powder
therein to melt the resin powder into molten resin and a screw disposed in said
heating cylinder for feeding the moiten resin in said heating cylinder forward
to meter the molten resin, said back pressure pattern preparing unit
comprising:

level selecting means for selecting a back pressure control level and
for outputting a level signal indicative of the selected back pressure control
level;
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@ $109RE () - @vith respest to)a retreat position of said screw at least at a maximum back
pressure command value, the back pressure pattern having a mountain-
shaped partion defined by the selected sharpness, said determining means
producing a pattern signal indicative of the back pressure pattern.

32. A back pressure pattern preparing unit as claimed in claim 31,
wherein said back pressure pattern is defined by the retreat position of said
screw in a screw movement stroke between a start of rotation of said screw
and a stop of rotation of said screw, said screw movement stroke being divided
into a first divided stroke region, a leading divided stroke region, an
intermediate divided stroke region, a trailing divided stroke region, and a final
divided stroke region, said determining means determining the back pressure
pattern having the variable back pressure command value which shifts from
a zero back pressure command value to a start low back pressure command
value at the first divided stroke region, rises from the start low back pressure
command value to the maximum back pressure command value with the
selected sharpness at the leading divided stroke region, falls relatively gently
from the maximum back pressure command value to a medium back pressure
command value at the intermediate divided stroke region, falls relatively
abruptly from the medium back pressure command value to a final low back
pressure command value at the trailing divided stroke region, and shifts from
the final low back pressure command value to the zero back pressure
command value at the final divided stroke region.

33. A back pressure control apparatus for controlling back pressure
in an injection molding machine including an injection device having 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
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ahead of said screw to produce a pressure detected signal indicative of a back
pressure detected value of the back pressure and with a screw retreat time
instant generator for generating a time instant signal indicative of a retreat time
instant of said screw, said back pressure control apparatus comprising:

leve| selecting means for selecting a back pressure control level and
for outputting a level signal indicative of the selected back pressure control
level;

determining means, connected to said level selecting means, for
determining, on the basis of the selected back pressure controi level indicated
by the level signal, a back pressure pattern having a variable back pressure
command value which continuously changes with respect to time at least at
a maximum back pressure command value, and for producing a pattern signal
indicative of the back pressure pattern; and

a controller, connected to said determining means, said back pressure
detector, and said screw retreat time instant generator, and operatively
coupied to said injection actuator, for controlling, in response to the pressure
detected signal and the time instant signal, said back pressure in accordance
with the back pressure pattern by means of said injection actuator.

34. A back pressure control apparatus as claimed in claim 33, said
injection molding machine including a motor-driven injection molding machine
having an injection motor as said injection actuator, wherein said controller
carries out control of said back pressure by controlling a current of said
injection motor.

35. A back pressure control apparatus as claimed in claim 33, said
injection molding machine including a motor-driven injection molding machine
having an injection motor as said injection actuator, wherein said controller
carries out control of said back pressure by controlling an output torque of said

injection motor.
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36. A back pressure control apparatus as claimed in claim 33, said
injection molding machine including a hydraulic injection molding machine
having a hydraulic actuator as said injection actuator, wherein said controller
carries out control of said back pressure by controlling hydraulic pressure of
said hydraulic actuator.

37. A back pressure control apparatus as claimed in claim 33, wherein
said back pressure pattern is defined by the retreat time instant of said screw
in a screw movement time interval between a start of rotation of said screw and
a stop of rotation of said screw, said screw movement time interval being
divided into a first divided time duration, a leading divided time duration, an
intermediate divided time duration, a trailing divided time duration, and a final
divided time duration, said determining means determining the back pressure
pattern having the variable back pressure command value which shifts from
a zero back pressure command value to a start low back pressure command
value at the first divided time duration, rises from the start low back pressure
command value to the maximum back pressure command value with a
predetermined sharpness at the leading divided time duration, falls relatively
gently from the maximum back pressure command value to a medium back
pressure command value at the intermediate divided time duration, falls
relatively abruptly from the medium back pressure command value to a final
low back pressure command value at the trailing divided time duration, and
shifts from the final low back pressure command value to the zero back
pressure command value at the final divided time duration.

38. A back pressure control apparatus for controliing back pressure
in an injection molding machine including injection device having 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, and an injection
actuator operatively coupled to said screw for driving said screw along an axial
direction to inject the molten resin metered in said heating cylinder forward,
said injection device being provided with a back pressure detector for detecting
back pressure of the molten resin in said heating cylinder that is metered
ahead of said screw to produce a pressure detected signal indicative of a back
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for outputting a leve! signal indicative of the selected back pressure control
level;

sharpness selecting means for selecting, as a selected sharpness, one
of a plurality of sharpnesses in transition up to a maximum back pressure
command value;

determining means, connected to said level selecting means and said
sharpness selecting means, for determining, on the basis of the selected back
pressure control level indicated by the level signal, a back pressure pattern
having a variable back pressure command value which continuously changes
with respect to time at least at a maximum back pressure command value, the
back pressure pattern having a mountain-shaped portion defined by the
selected sharpness, said determining means producing a pattern signal
indicative of the back pressure pattern; and

a controller, connected to said determining means, said back pressure
detector, and said screw retreat time instant generator, and operatively
coupled to said injection actuator, for controlling, in response to the pressure
detected signal and the time instant signal, said back pressure in accordance
with the back pressure pattern by means of said injection actuator.

39. A back pressure control apparatus as claimed in claim 38, said
injection molding machine including a motor-driven injection molding machine
having an injection motor as said injection actuator, wherein said controlier
carries out control of said back pressure by controlling a current of said
injection motor.

40. A back pressure control apparatus as claimed in claim 38, said
injection molding machine including a motor-driven injection molding machine
having an injection motor as said injection actuator, wherein said controlier
carries out control of said back pressure by controlling an output torque of said
injection motor.
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intermediate divided time duration, a trailing divided time duratlon and a flnal
divided time duration, said determining means determining the back pressure
pattern having the variable back pressure command value which shifts from
a zero back pressure command value to a start low back pressure command
value at the first divided time duration, rises from the start low back pressure
command value to the maximum back pressure command value with the
selected sharpness at the leading divided time duration, falls relatively gently
from the maximum back pressure command value to a medium back pressure
command value at the intermediate divided time duration, falls relatively
abruptly from the medium back pressure command value to a final low back
pressure command value at the trailing divided time duration, and shifts from
the final low back pressure command value to the zero back pressure
command value at the final divided time duration.

43. A back pressure pattern preparing unit for preparing a back
pressure pattern for controlling back pressure in an injection molding machine
including an injection device having a heating cylinder for heating resin powder
therein to melt the resin powder into molten resin and a screw disposed in said
heating cylinder for feeding the molten resin in said heating cylinder forward
to meter the molten resin, said back pressure pattern preparing unit
comprising:

level selecting means for selecting a back pressure control level and
for outputting a level signal indicative of the selected back pressure control
level; and
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command value which continuously changes with respect to time at least at
a maximum back pressure command value, said determining means producing
a pattern signal indicative of the back pressure pattern.

44. A back pressure pattern preparing unit as claimed in claim 43,
wherein said back pressure pattern is defined by the retreat time instant of said
screw in a screw movement time interval between a start of rotation of said
screw and a stop of rotation of said screw, said screw movement time interval
being divided into a first divided time duration, a leading divided time duration,
an intermediate divided time duration, a trailing divided time duration, and a
final divided time duration, said determining means determining the back
pressure pattern having the variable back pressure command value which
shifts from a zero back pressure command value to a start low back pressure
command value at the first divided time duration, rises from the start low back
pressure command value to the maximum back pressure command value with
a predetermined sharpness at the leading divided time duration, falls relatively
gently from the maximum back pressure command value to a medium back
pressure command value at the intermediate divided time duration, falls
relatively abruptly from the medium back pressure command value to a final
low back pressure command value at the trailing divided time duration, and
shifts from the final low back pressure command value to the zero back
pressure command value at the final divided time duration.

45, A back pressure pattern preparing unit for preparing a back
pressure pattern for controlling back pressure in an injection molding machine
including injection device having a heating cylinder for heating resin powder
therein to melt the resin powder into molten resin and a screw disposed in said
heating cylinder for feeding the molten resin in said heating cylinder forward
to meter the molten resin, said back pressure pattern preparing unit

comprising:
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level selecting means for selecting a back pressure control level and
for outputting a level signal indicative of the selected back pressure control
level,

sharpness selecting means for selecting, as a selected sharpness, one
of a plurality of sharpnesses in transition up to a maximum back pressure
command value; and

determining means, connected to said level selecting means and said
sharpness selecting means, for determining, on the basis of the selected back
pressure control level indicated by the level signal, the back pressure pattern
having a variable back pressure command value which continuously changes
with respect to time at least at a maximum back pressure command value, the
back pressure pattern having a mountain-shaped portion defined by the
selected sharpness, said determining means producing a pattern signal
indicative of the back pressure pattern.

46. A back pressure pattern preparing unit as claimed in claim 45,
wherein said back pressure pattern is defined by the retreat time instant of said
screw in a screw movement time interval between a start of rotation of said
screw and a stop of rotation of said screw, said screw movement time interval
being divided into a first divided time duration, a leading divided time duration,
an intermediate divided time duration, a trailing divided time duration, and a
final divided time duration, said determining means determining the back
pressure pattern having the variable back pressure command value which
shifts from a zero back pressure command value to a start low back pressure
command value at the first divided time duration, rises from the start low back
pressure command value to the maximum back pressure command value with
the selected sharpness at the leading divided time duration, falls relatively
gently from the maximum back pressure command value to a medium back
pressure command value at the intermediate divided time duration, falls
relatively abruptly from the medium back pressure command value to a final
low back pressure command value at the trailing divided time duration, and
shifts from the final low back pressure command value to the zero back

pressure command value at the final divided time duration.



