1 *159159* METHOD FOR CONTRCLLI NG | NJECTI ON MOLDI NG -MACHI-NE-GAPABLE—COF

.+ -REDUCI NG VARI ATI ONS | N VEI GHT OF MOLDED PRODUCTS BACK THE

I NVENTION 1. Field of the Invention The present inventfﬁﬁﬂ@@“ﬂﬂ@wmwm a
met hod for controlling a notor-driven injection nolding .
Description of the Related Art An injection nolding machi ne 28Hprises a
screw located within a heating cylinder. An injection shaft is directly
connected to the rear end portion of the screw. The injection shaft is
rotatably supported by a pressure plate through sone bearings. The
I njection shaft is driven in an axial direction by an injection servonotor
that is supported on the pressure plate. The pressure plate noves forwards
and backwar ds al ong (gU|de bars in response to the operation of the

i nj ecti on SRIGHPITORHCODIIRALLENG |§dE@WION—M@LrBjNﬁ MACHINEICARABLE: he
i njection nol di qu machi ne will be descri focusing on a notor-driven

i nj ecti on nol dPRPRALIGING VARMASIONR |NsWr5iGhtTe@FbMQL BSRROMYIESESY onot or

for screwrotation in a plasticization/nmeasuring process. Aresinis fed
froma hopper to a rear portion of the screwin the heating cylinder.
Rotation of the screw nelts and advances the resin and thus a certain
nmeasured anmount of resin is fed to a nose portion of the heating cylinder.

During this ti r [ ' ﬁﬁ.lf@/ﬁrds due to a back pressure of
the nolten resinBBApzk%pﬁQ I'n tq%cl-r# gﬁvgrti of the heating cylinder. The
above- nenti oned pac r e nDIten resin is detected by using a
| oad cell and |spcoﬁtew)§f@§ I&y@ﬁtl%ﬁf eedback control |oop, as will be ~IIH

6 SR LTI ke prddent inventibn reRRESRPA nfethod for controlling a motor-driven
injection molding machine.

2. Description of the Related Art

An injection molding machine comprises a screw located within a
heating cylinder. An injection shatt is directly connected to the rear end portion
of the screw. The injection shaft is rotatably supported by a pressure plate
through some bearings. The injection shaft is driven in an axial direction by an
injection servomotor that is supported on the pressure plate. The pressure
plate moves forwards and backwards along guide bars in response to the

——————operation-of the-injection servomotor through a ball screw.
(J A molding operation in the injection molding machine will be described,
focusing on a motor-driven injection molding machine.

The screw is rotated by a measuring servomotor for screw rotation in a
plasticization/measuring process. A resin is fed from a hopper to a rear portion
of the screw in the heating cylinder. Rotation of the screw melts and advances
the resin and thus a certain measured amount of resin is fed to a nose portion
of the heating cylinder. During this time, the screw is driven backwards due to
a back pressure of the molten resin trapped in the nose portion of the heating
cylinder. The above-mentioned back pressure of the molten resin is detected

by using a load cell and is controlled with a feedback control loop, as will be
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described in nore detail below. Then, in a filling process, the pressure
. plate is advanced by neans of. driving the injection servonotor. A nose
portion of the screw serves as a piston to fill a cavity of a nold with
the nolten resin. The resin within the cavity of the nold is allowed to
cool under a predetermned pressure. This process is referred to as a
dwel ling process or a hold pressure process. In this hold pressure
process, the pressure of the resin is controlled in a feedback control

| oop as i ndédugibelddrenorndetand@idgck pressure control. Hereafter, the
filling process and the hold pressure process continued fromthe filling

process w || col Tken,ind filibg poaddssdthenpresperct plate isradeseed bih@eangof.

i njection device returns to the plasticization/ measuring process after the
conpl et i ordrdfing tee Imjeéctionr sarvametqr oderase prtivhefdhéescrdvasdrvesias a cl anpi ng
device, an eject operation is carried out for ejecting a solid product out
of the m)IFdséoﬁl tedilla cayitywt & mald withleeirsolien resim.neasuri ng process. The

ej ect operation jnvolves the opening of t nold to renove the solid

product from t hel RROIIPFIBYWIEAKE %Vitarpfélj‘%éﬁhqei? inalowad decanundes@ cl osing the
w11 e’ syuereinof Belilfoorn udanes b b ane dligrrisesdirfeog”
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hich fornms a spiral thereon, is substantially constant spiral is

typi cal | y coatiheed #roht trahfilling pescedsswill conectvehebaralledantinpts 8foéel‘$§. resin
fed fromthe feed section 20-1, and the conpressing section % -2, so that

the volune is rddherean injectippdexiceaetlrgs to the pladticizationyaidasagngf the resin.
In order to conpensate for
process after the completion of the hold pressure process. On the other hand,
in a clamping device, an eject operation is carried out for ejecting a solid
product out of the mold in paraliel with the plasticization/measuring process.
The eject operation involves the opening of the mold to remove the solid
product from the mold by means of an ejector mechanism and then closing the
moid for the injecting process.
Referring to Figs. 1A and 1B, the screw will be specifically described.
(J In Fig. 1A, a screw 20 comprises a feed section 20-1, a compressing section
20-2, a measuring section 20-3, and a head section 20-4. The feed section
20-1 feeds the resin supplied from a hopper forward in a solid or partly melted
state. The resin is heated to close to melting point at the feed section 20-1.
Therefore, in general, the diameter of the rod-shaped body of the screw 20
shown in Fig. 1B, which forms a spiral thereon, is substantially constant. The
spiral is typically called a flight.
There is a space between particles of the resin fed from the feed

section 20-1, and the compressing section 20-2, so that the volume is reduced

to approximately a half due to melting of the resin. In order to compensate for



3 the reduced volune, the space through which the resin can pass is
reduced. This is achieved by providing a taper on the rod-shaped body
which fornms the flight at the conpressing section 20-2 so that a groove of
the flight is shallow Consequently, the conpressing section 20-2
conpresses the nolten resin, increases the effect of frictional heating,
and increases the pressure of the resin, thereby noving water conponents,
vol atil e gases, or the like, which are contained in the air/resin, back to

t he hoppertheAeduseedvoilene, thewpdceehrlughenshichitRe pesinsstrepsds ishedugsd.n in the
heating cylinder is highest in the conpressing 07 section 20-2. The

measur i ng Fkistis achi2ed Hyaproviting hahpeners thegraabskapéd bbdy Whighfornsnthet he
measuring section 20-3, the resin is subjected to a | arge shearing force
and its tfightatdhercomprassingssantiontdd-2 sarthaba groevepef thieuflightig shallow.

sel f-generating heat due to friction. Al so, the neasuring section 20-3
feeds a ceroaseauRyuthadcompassingseatieni2D-2compresses the twltemresimpl t en
resinis fed fromthe maasfu ing section 20-3 to the nozzle side via a
nonr et ur n IPFrRRse-the gffeche {ﬁ@ﬁan%lémﬂaa, and icrepses Hif RIOSEHTe Phigeesing | s
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@eneral, tdertipgad-section 20-4 is constructed in such a manner that a
screw thread is cut at the base thereof and is screwed into an end portion

of the rod- shapethdedasafingzecton 20+3 Raetief shd@llowddteyréb st e Mghtt hen base
portion of the head section 20-4 is smaller than that of the rod-shaped

body of t Hie sweasurinigesectionl 20-31 therresimeig sobjerdsd to aharge sHearimgrferee andir i ven
backvard Iitg temperature is increased to a uniform femperature by self-generating heat
due to friction. Also, the measuring section 20-3 feeds a certain measured
amount of resin to a nozzle side.
The molten resin is fed from the measuring section 20-3 to the nozzle
side via a nonreturn ring 20-5 at the head section 20-4. The nonreturn ring 20-
5 is positioned at the left-hand side of Figs. 1A and 1B in the measuring process.
In this state, the molten resin can be fed from the measuring section 20-3 to the
O nozzle side. After completion of the measuring process, the nonreturn ring 20-
5 is moved to the right-hand side of the drawings because of pressure
difference. As a result, the return of the resin from the nozzle side to the
measuring section 20-3 is stopped. In general, the head section 20-4 is
constructed in such a manner that a screw thread is cut at the base thereof and
is screwed into an end portion of the rod-shaped body of the screw. Therefore,
the diameter of the base portion of the head section 20-4 is smaller than that of
the rod-shaped body of the screw.

Meanwhile, there may be cases where the screw is driven backward in

the molding cycle, for the following reasons:



the nmolding cycle, for the follow ng reasons: 4 A Myving the screw

. backwards for the purpose of depressurizing after conpletion of the
i njecting process. B: Measuring the resin. C. Mving the screw backwards
after nmeasuring process. Conventionally, the screwis not rotated in the
case of Aand C  As is schematically shown in Fig. 2, when the screw 20 is
driven backwards, since the resin is applied to the flight, the resinis
also likely to be dragged backwards together with the flight. Accordingly,

a uni form di striAut Mm/in%fhé berevobatkwvardd felethei furpobe o Beprfshrizimghamper ed
at the nose portion of the screw 20. This |leads to a nonuniform wei ght of
t he nol dedaftercsbhmopletio SIHRMERNjEXtinGHIFOLAB4LENTI ON Accordingly, it is an object
of the present invention to provide a nethod for controlling an injection
nol di ng machi ne Bn Meaasuringdhé mésinence on a resin during a backward
movenment of a screw, and nore particularly, the influence on the

di stribution of ©heMming the serewneackusrds adier measariogipregessthe pr esent

i nvention can be aﬁpl i %g‘@ﬁovﬁn i nj ection nol di,ng machi ne conprising a
heating cyl i nderCanenfiaraligingisspry ineirotaiediadne ggse¢f Arrd C.and U

et o codh PRI AT ook e A ik 1577 |
Serow is GRERNEEE i MR | Al R0 3hE Righynthsrtes™ B IHEIRbE does
i . ‘ d - A i
Che not nod 2gded PAEKWEIGS toigmndwith BREHURE | AREEGnND o B HiRfbuEELc N
af ter GAmmé obiupe %dtd@‘usg?% tHd Rbin 1Y IRERBEreY at:]t'gl%bdéd(ﬁ(esgc?rg% opipgess, and

erein a rotation speed R the screw during t novenent is
gi ven by rmsghdw 20y rMthis leadstbat hovursifeerdwBght vhirdmotderkpriogisied by -t he

equation, R = backward speed V/pitch P of the flight,
SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide a method
for controlling an injection molding machine in which the influence on a resin
during a backward movement of a screw, and more particularly, the influence on
the distribution of the density of the resin can be cancelled.
The present invention can be applied to an injection molding machine
R comprising a heating cylinder and a screw disposed in the heating cylinder, and
O performing a plasticization/measuring process and an injecting process. Ina
method for controlling the injection molding machine according to the present
invention, a synchronization ratio S of a rotation speed of the screw is defined to
be 100 % when the position of a flight thereof does not apparently move relative
to a backward speed V of the screw, wherein the method comprises the step of
moving the screw backward while rotating it after completion of the measuring
process or the injecting process, and wherein a rotation speed R of the screw
during the backward movement is given by multiplying the rotation speed R,
which is expressed by the equation, R = backward speed V/pitch P of the flight,

by an arbitrary synchronization ratio Sx.



by an arbitrary synchronization ratio Sx. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS Figs. 1 Aand 1 B are explanatory views show ng a typical exanple
of a screwin an injection nolding nachine; Fig. 2 is a schematic di agram
explaining the relationship between the screw and resin in a heating
cylinder; Fig. 3 is a view show ng a stiucture of a notor-driven injection
nol ding nachine according to the.present invention, focusing on an _
injection unit; and Figs. 4A and 4B are schematic di agrans show ng the

rel ati onshi p betBREF DESGRIFEMONOHR THE BRAWINGS heating cylinder to
explain a preferred enbodinent of the present invention. DESCRI PTI ON OF

THE PREFERRED ENB@E MebMS 1Bary expignatorfiviewsshewimgt @ typial\e@mple @ i on

nol di ng machine will be described focusing on an injection unit. The

not or - dr i \BE€rew i aotinjeatiom mtildigg machineg i s provided with the injection unit
driven by a servonotor. In such an injection unit, rotation of the
servonotor is cdn@e? ised sthemalic diagrampexplpinyyg thebediationship ebweemtheut |,

t hereby noving a screw forward and backward. In Fig. 3, the rotation of an
i nj ecti on SGESW 8RALTERININ g Reatingeyindesd to a ball screw 12. A nut 13 is

fixed | ate 14 d i d f d d hackward by rotation
of the bal | scr&ié- 21 Fkevhsaauinos sirueiire of panoiesrliiven alesHaN FRalPingui de.
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I njection shaftﬂg}? %ﬁ@gpe%e%#ﬂ%grﬁ%}@%%égaﬁ 7 ﬁﬂgglﬁﬁgﬁenéﬁ;%t{ﬂq%ﬁg%r 21 such
hhat 1ot apkaEeh e SreWPAEITBIY resirPS h@@hhg\egﬁhdé%_ MihWpyirager 21

+#ncl udes a hopper 22 for feeding a resin t position corresponding to a
rear por ehbodirhehbef hermesett inRemtigry, notion of a servonotor 24 for

rotating the
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Fig. 3, a motor-driven injection molding machine will be
described focusing on an injection unit.  The motor-driven injection molding
machine is provided with the injebtion unit driven by a servomotor. In such an
injection unit, rotation of the servomotor is converted into linear motion by a ball
screw and a nut, thereby moving a screw forward and backward.
In Fig. 3, the rotation of an injection servomotor 11 is transmitted to a
Cﬁ ball screw 12. A nut 13 is fixed on a pressure plate 14 and is moved forward
and backward by rotation of the ball screw 12. The pressure plate 14 is
movable along four guide bars 15 and 16 (only two are shown in the figure)
fixed on a base frame (not shown). Forward and backward movement of the
pressure plate 14 is transmitted to a screw 20 via a bearing 17, a load cell 18,
and an injection shaft 19. The screw 20 is disposed in a heating cylinder 21
such that rotary and axial movement can be achieved. The heating cylinder 21
includes a hopper 22 for feeding a resin to a position corresponding to a rear
portion of the screw 20. Rotary motion of a servomotor 24 for rotating the

screw 20 is transmitted to the injection shaft 19 via a connecting member 23



screw 20 is transmtted to the injection shaft 19 via a connecting nenber
23.6 which may be a belt, pulleys, etc. In other words, the servonotor 24
rotates the injection shaft 19 which in turn rotates the screw 20. In a

pl asti ci zati on/ measuring process, the screw 20 rotates and noves backwards
in the heating cylinder 21, so that a mplten resin is noved in a feed
forward direction and that the nolten résin is stored in front of the screw
20, that 1is, at a nozzle 21-1 side in the heating cylinder 21. The

backwar d Wpy@RiHdy b&h BiE tp%ﬂé?él" A0, 1 f 6HEP Hdray, taéwrﬁog}a@zﬁ Ri&tegr adual

i ncrease in the anount en resin stored in front o e screw 20. In

an inj ect tHirps@RAPShaft N WHIEHaT tirivyei@nthedscrelveegcrew 20 in the heating
cylinder 21 is caused by driving force fromthe injection servonotor 11,

so that the nol {rem plasticizationyeeasurifig process, tHeescrene®0 Aftates amd arsleisnt o and
is pressurized in a netal nmold. In this case, the force required for

pressi ng baekwauls ierthedwiatingytederc? tosdthat hembberd resih lis Avas inm fiemdect i on

pressure. The detected injection pressure is anplified by a |oad cel

anpl i fi er farwasd direstior anditbat thg roetien sesiais a@reQ“rrefrpnte@fstheesqoe\at&o thathas a

position detector 27 to detect the  amount of novenment of the screw 20. The
det ecti ng'Ssia@ﬁaﬂO?é’iﬁ Bﬂjtﬁ@éefl'ﬁ(ﬂﬂﬁf‘ﬁét'nﬁ)é%'irtq%r?1det-ré'tﬁ@@CW"HSITIQWHBN ed by a

osition ect or lifier 28 and is fed, into the contraller 26. C ? The
cont rol | &f %@%ﬁfﬁﬁé@s&ﬁ \ DEsssiEs Olinde ARALR IDaTERSe In te BRI A ng t o

it 33 vpL ﬁﬁﬁﬁ%ﬁ?ﬁef@%ﬂiq“’fqaé’ SR ERS lrrent Tnstruce) on val ues®
ere fed to a dr t%g @ﬂgg?rdye'sget %I%r\wr% Iqlr ?oﬁ{eﬂg F é)oﬁ;]utrhrent for

riving the servom) o control "an out pu s&rV6mot or 11.
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the nunber of” revol utions of thé servonntor ) servonotor 11 &and the
ser vonot ogo BhtapePnolten rsindRired AlfrantioBthe SREWETt isVelced ihf &%d Ret the

number pressurized in a metal mold. In this case, the force required for pressing the
molten resin is detected by the load cell 18 as an injection pressure. The
detected injection pressure is amplified by a load cell amplifier 25 and is fed into
a controller 26. The pressure plate 14 has a position detector 27 to detect the
amount of movement of the screw 20. The detecting signal outputted from the
position detector 27 is amplified by a position detector amplifier 28 and is fed
into the controller 26.

(\’ The controller 26 outputs current (torque) instruction values
corresponding to the respective processes and based on values preset by a
display/setting unit 33 via a man-machine controller 34. The current instruction
values are fed to a drive 29 and a drive 30. The drive 29 controls a current for
driving the servomotor 11 to control an output torque of the servomotor 11.

The drive 30 controls a current for driving the servomotor 24 to contro! the
number of revolutions of the servomotor 24. The servomotor 11 and the
servomotor 24 comprise encoders 31 and 32, respectively, to detect the number

of revolutions. The number of revolutions detected by the encoders 31 and 32

is fed to the controller 26. In particular, the number of revolutions detected by



of revolutions. The nunber of revolutions detected by the encoders 31 and
32 ..is fed to the controller 26. In particular, the nunber of revol utions
detected by 7 the encoder 32 is used to determ ne the nunber of

revol utions of the screw 20. Referring to Figs. 4A and 4B, a control nethod
according to a preferred enbodi nent of the present invention wll be
descri bed. The control nethod accordinJ to the present invention is
applied to the injection nolding machine shown in Fig. 3. The controller

26 recei vepeldiRodiet 80tik 18editd Hidhdrntin®Thd REmbRP Bf P%\?]H(Jugﬁﬁ§8f e fedish, t he

encoders 31 and 32, controls the servonpbtors 11 and al so coritrol s.

the plasticizatiRsfoiRagt Fis. BPO&RS 2BAREONRPRTNG aBLaIATg 0 &lpt&rerfede
controller 26 carries out the control nethod according to The "present

i nvent i on,embodiment|df the pdesantiitashtioareill beedestribed. t Mhe esmadiniéAbd t he
screw 20 is rotated and noved backwards after conpletion of the measuring
process oraddoedingjtethé poesand deentiohris apphed vothisinjedtion moldivg Afachingroved
|l inearly backwards relative to the feed forward direction of the nolten
resin. Parghoym ixfFig, 3a dyecantioliensaceives thexdetecting siginals from teeed  at
which a flight 20a of the screw 20 does not apparently nove relative to a

backwar d disitipndetecinL7sandifeencedars3innd 32, auurols thesespmatotniat i on
tio S t.fromo. %t hi t tage, and each of
ot tfngs. e Gaging afs0onuols eRedlicte i heBSUnnaraetsS AMhE aalgt of | owi ng
T h I zat i ha S is | th 00 ,9% ,Thi tti [
pUrpose: s eD 1400 L8 S Lo Bboi90 TS GeL g 1S
(@ the  sqlederdtinyériiot) Wich Rilfbddederidd Rerdfifdlopn! zation ratio Sis 100 %

I'S setting I's perforne € purpose of feeding the resin

forward, that igp thigleriBafiHaNEIhbRRréWD0Ns r@t%te@ﬂﬁ&"?nb%cjf bSckviiids g ver

the nmeasuring is perforned at a constant rotation speed Irrespective of
the pressiompétidrnef ihesneastiing phecess/dr thaTheGintpstorRcES i ofef WoTdsNt

speed, and is different froma conventional control for
the screw 20 is moved linearly backwards relative to the feed forward direction
of the molten resin.  Particularly, a synchronization ratio S of the rotation speed
at which a flight 20a of the screw 20 does not apparently move relative to a
backward speed V of the screw 20 is defined as 100 %. The synchronization
ratio S can be set from 0 % to an arbitrary percentage, and each of settings to
100 % or more and setting to less than 100 % has the following purpose:
The synchronization ratio S is less than 100 %: This setting is

C> performed for the purpose of dragging the resin backwards with the flight of the
screw 20, as shown in Fig. 4A.

The synchronization ratio S is 100 % or more: this setting is performed
for the purpose of feeding the resin forward, that is, for measuring the resin, as
shown in Fig. 4B. However, the measuring is performed at a constant rotation
speed irrespective of the pressure of the resin when the screw moves
backwards at a constant speed, and is different from a conventional control for

maintaining the pressure of the resin constant. This operation prevents

generation of a low density region during backward movement of the screw 20.



mai ntai ning the pressure of the resin constant. This operation prevents

. .generation of a |ow density region during backward novenent of the screw
20. 8 Wen the spacing (pitch Pin Fig. 1 A between the flights of the
screw 20 is 20 mm for exanple, the flight noves by 20 nmm on each rotation
of the screw In this instance, if the_screw 20 noves backwards at a speed
of 20 mmisec, the flight of the screm/QO is apparently at a fixed position
when the screw 20 rotates one turn per one second. However, the direction

of the rotationvgienendspabing®iteh FeiptFign1Af béﬁﬁéérpﬁr%tﬂigﬁts_cﬁfthg%cfévbght in
the screw 20. if the flight in the screw 20 is the cloCkw se direction,

t he di rect2@is 20 ninfefor ekatripbe) the Sligh enoVeschyo enth 61e ebtle fotalibh Bf tise
expressed by the follow ng equation: Rotation speed R (rpn) _ [Backward
speed V (radrewc) |n thig instahdenifithefsctéve 2DImghed baciB@arddhatraespadkof 2he
synchroni zation ratio Sis nmultiplied by the rotation speed R which is

obt ai ned bynyYs$ec, dog Highd of the sonew 20 imapparantly af atfixedrpasitiorcahen tiee
controlled during the backward novenent of the screw 20. Nanely, a

sel ect ed rS6fewi2ootes @NRLUrTs pgT QB spgondhe Howewel toe dijaeliorvaf e t he use of
a selected s_ync%r onization ratio The present invention

is not |iAPtadignt lpteﬁézr%t ﬁ-%FW@H%ﬁE@sﬁQ@éX/’ﬁ’g’}*ﬁ( F?i)é'ht b'th@eﬁs}lﬁz\ﬂe?%hdfmh in
s oafe e fRaied ) e dodlie dhbrtSn aBh idsfdnaf s ratgasn "

i njection; Y : ording to the present invention, when the screw
is nmoved t')gagLev\Qgg%\&%?%esc@géw is rotated at an arbitrary rotati on speed,

and thus, the degpsd kY ! i RPN rasi) in the heating cylinder,
rti cularly at the neoxggé%%édt ?gt}l %ﬁb Ie%@é@#%@,mcan be sufficiently
control l ed so timdtaticH spée®@ms(rpm)t he wei ght of the '

=

= [Backward speed V (mm/sec)]/Pitch P (mm) of the flight] x 60

Where, when the synchronization ratio S is multiplied by the rotation
speed R which is obtained by the equation, a consistent state of the resin can
be controlled during the backward movement of the screw 20. Namely, a
selected rotation speed Rs is given by the following equation by the use of a
selected synchronization .ratio Sx.

Rs = (V/P) xSx. |

The present invention is not limited to the motor-driven injection molding

Q machine shown in Fig. 3, and may also be applied to a hydraulic injection
molding machine. In this case, a hydraulic piston mechanism is used instead
of the injection servomotor 11.

According to the present invention, when the screw is moved backward,
the screw is rotated at an arbitrary rotation speed, and thus, the density
distribution of the resin in the heating cylinder, particularly at the nose portion of
the screw, can be sufficiently controlled so that variations in the weight of the

molded products can be reduced.



nol ded products can be reduced. 9 WHAT IS CLAIMED IS: 1. A nethod for
controlling an injection nolding machine including a heating cylinder and
a screw disposed in the heating cylinder, and perform ng a '

pl asti ci zati on/ measuring process and an injecting process, said nmethod
conprising the steps of: defining a synchronization ratio S of a rotation
speed of the screwto be 100 % when thé position of a flight thereof does
not apparently nove relative to a backward speed V of the screw, and
novi ng the screw backwards while rotating it after conpletion of the
measuring process or the injecting process; wherein a rotation speed R of

t he screw\WHATS ChallEkygr d novenent s given by multiplying the
rotation speed R, which is expressed by the equation, R = backward speed

V/pitch P of thel.flAghethoborcomrtrdilitg anynjsgtieh raidingtrnashindtinbludiga 2. A
met hod for controlling the injection nolding machine according to claiml,
wher ei n, \ifeatingheylisgdecanda screwatispasddin$he hiebting cyliader] @dd%erfommingaew C
is rotated nore slowy relative to the backward speed V of the screw, so
that a rqyastidizationémeaauning pegaessdnd areinjecting precdssagegid nethlodar ds wi t h
the flight of the screw, and wherein, when the synchronization ratio Sis
100 % or ROMRrisingthepteRs afs rotated faster relative to the backward speed

V of the screw, . that the resin in the heating cylinder tends to be fed
Forvar t of 1 he. SeiBlnt & SVACHEDHEIOR SRS o 8" [ JtAHEN SHePHI0Edhe SHeNbIabhg

e e ! 4 e FASVEN o S erhr SRS eflsRBRP S ek Tl 17
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moving the screw backwards while rotating it after completion of the
measuring process or the injecting process;
wherein a rotation speed R of the screw during the backward movement
is given by multiplying the rotation speed R, which is expressed by the equation,
R = backward speed V/pitch P of the flight, by an arbitrary synchronization ratio
Sx.
2. A method for controlling the injection molding machine according to
claim 1,
wherein, when the synchronization ratio S is less than 100 %, the screw
Cj’ is rotated more siowly relative to the backward speed V of the screw, so thaté
resin in the heating cylinder tends to be dragged backwards with the flight of the
screw; and
wherein, when the synchronization ratio S is 100 % or more, the screw
is rotated faster relative to the backward speed V of the screw, so that the resin
in the heating cylinder tends to be fed forward of the screw.
3. A method for controlling an injection molding machine including a
heating cylinder, a screw disposed in the heating cylinder, a first driving source

for driving the screw in an axial direction, a second driving source for rotating



10 the screw, position detecting nmeans for detecting an axial position of
the screw, rotation-speed detecting neans for detecting the rotation speed
of the screw, and a controller for controlling the first driving source
and the second driving source dependent on the detecting signals
transmtted fromthe position detecting#neans and the rotation-speed
detecting neans, and performng a plasticization/neasuring process and an
injecting process, said nethod conprising the steps of: defining a

synchr oni 18 Eerew, fﬁdsﬁtléh abterting naéarafor RREECRTg ér"ﬂ%xi%ﬁ pB%itibA ob%he $8fwe when
the position of a flight thereof does not apparently nove relative to a

backwar d spratidniépefed detestingmeameior detddiganatrotitiopr sgaaest the&chel,ew
backwards while rotating it after the conpletion of the measuring process

or the inpadtd contolterdes coatnolling enesfirst ariviriges o urce ekt eRegbntifivireg ew

during the backward novenent is given b?/ mul tiplying the rotation speed R
whi ch is &euroesdependentian Mteotmg signalsolaansmtte dsfpermdhe/positiom P of t he
flight, by an arbitrary synchronization ratio Sx. 4. A nethod for

cont r ol | i Agtactisgimpans |a<m| theIratatignranaedieetactiog means, @ndcﬂﬁqumg a- -

wher ei n, V\,P n the synchronization ratio S.is |ess than 100 % the
control | eP agdirkzAleR §a§l€mﬁaﬂ(ﬂ¢e§6 agdAn NiedngProgeshcsaid Agt ?‘\@d cyl i nder
backward with the, fli f the screw by rotating the screw nore slowy
relative Fgm[pﬁlglngotgm\tg fipeed V of the screw, and wherein, when the
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a backward speed V of the screw,
wherein the controller moves the screw backwards while rotating it after
the completion of the measuring process or the injecting process; and
wherein a rotation speed R of the screw during the backward movement
is given by multiplying the rotation speed R, which is expressed by the equation,
R = backward speed V/pitch P of the flight, by an arbitrary synchronization ratio
SX.
4. A method for controlling the injection molding machine according to
claim 3,
C} wherein, when the synchronization ratio S is less than 100 %, the
controller generates a tendency to drag a resin in the heating cylinder backward
with the flight of the screw by rotating the screw more slowly relative to the
backward speed V of the screw; and
wherein, when the synchronization ratio S is 100 % or more, the
controller generates a tendency to feed the resin in the heating cylinder forward
of the screw by rotating the screw more faster relative to the backward speed V
of the screw.
5. A method for controlling an injection molding machine in order to

perform a resin plasticization/measuring process and an injecting process,



performa resin plasticization/ measuring process and an injecting process,
.11. ,wherein: the injection nolding machine includes a heating cylinder and
a screw having a flight of a pitch P, the screw being arranged within the
heating cylinder; the nmethod conprising the step of defining a

synchroni zation ratio S wth reference { a rotation speed R and a |inear
backward speed V of the screw, the syrchronization ratio S being equal to
100% when the flight does not apparently nove while the screwis rotated
and |ineasnerapived backwards, the synchronization ratio S being smaller

t han 100% when the flight noves backwards while the screwis rotated and

linearly noved lhiaeknjection ndidingsyactinemdadesa Heating oylingénand aestrew t han
100% when the flight noves forwards while the screwis rotated and

linearly imaving déghtaf dspitohhid thetserelv beindrarangegwithimthe heatirigeoylipfderaki ng
the screw linearly nove backward at a sel ected synchronization ratio Sx
and si mul t aneoudhg metbodicemyirising thengieptafaefioing Asypthminizatipatratio/Sreasur i ng
process or the injecting process; a selected rotation speed As of the
screw bei Withgiefengnge:to aRptatiqngmgedRgnd g linparbaelgdardspesshVrafithe ng t he
I nj ection nDIdiF% machi ne apcordigg to Uclaimb wherein: the resinin
the heat i g theSYPChignization rBHO it BEiHeL IR kdPAZ when thadlightdogsindlf t he
screw when the | ected 's hronizatiqQn rati o.Sx is smaller than 00% the
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synchronization ratio S being greater than 100% when the flight moves forwards
while the screw is rotated and linearly moved backwards;
the method further comprising the step of making the screw linearly
move backward at a selected synchronization ratio Sx and simultaneously
rotate after completion of the plasticization/measuring process or the injecting
process;
a selected rotation speed Rs of the screw being given by:
Rs = (V/P) x Sx.
6. A method for controlling the injection molding machine according to
C-}' claim 5, wherein:
the resin in the heating cylinder tends to be dragged backwards with the
flight of the screw when the selected synchronization ratio Sx is smaller than
100%;
the resin in the heating cylinder tends to be fed forward of the screw
relative to the backward movement of the screw when the selected
synchronization ratio Sx is not smaller than 100%.
7. A method for controlling an injection molding machine in order to

perform a resin plasticization/measuring process and an injecting process,

wherein:



performa resin plasticization/ measuring process and an injecting process,
. .wherein: 12 the injection nolding machi ne includes a heating cylinder, a
screw having a flight of a pitch P and arranged within the heating
cylinder, a first driving source for driving the screw in an axi al
direction, a second driving source foryyotating the screw, a position
detecting device for detecting an axial position of the screw, a
rotation-speed detecting device for detecting the rotation speed of the

screw, and a conthedhleetiof eroldipitrhathinadnéihdes iafr%atmgcbyﬂihéeﬁ%lcﬁ?dmﬂri ving
sources in response to detecting signals transmtted fromthe position

det ect i ng haléng asflighttoftahpitcroParicoarrapged witeiretitel meatiheviydiadet, lefirget hod
conprising the step of defining a synchronization ratio S wth reference
to a rot atdriving pestceroptriving tbe serewittlan axial einectia kavaecorsbdeving\soufrce he
screw, the synchronization ratio S being equal to 100% when the flight

does not dppERtaking yherserewa pasitioiedeiecting idevicetfar datestinglanaxial positored
backwar ds, tEe synchroni zati on rgtio S being small er than 100% when t he
flight m&fdBess ERiatipn-sReed detegtipg davicetosdeteding theretatiop sanesd
backwards, .the synchrpnization ratio S.being.greater than 100% when the
(1T gt o Edne Seia e AP reofHtSoEep@yslios e i 7 dhe isPRgad CpviRdu e
backwar ds; t risin ep,. of .contralling the
novenent Ss,(t))wg%%ﬁ] ']t%%goé% &@valél%e%ﬁw?m%g%egﬁﬁﬁe Rl eé’[osg'oé’eﬁj%SPErdlg
synchroni%%t,?' ' PG dpthhaeaus! y controlling the rotation of
the screw, a ﬁ?ﬁ@ghr%f%?tétll%nggwﬁgté%l:ngst I'Cl 2ati on/ measuring process or the

tij ecti ng procespe methl eohfstisi ' i gi ven
@y: Rs = (VIP) xeSx. 8. Ah?g![ H‘(%ﬂf‘éo?}@gﬂ?régpﬁ@nﬁwi{gﬁ?ﬁjﬁég%g%“?rgl di ng

nmachi ne aeittr diferice toc itatioh spdet Bidf:thé Rerewpaht @ lirdar barkwat$ spBed
novenent of the screw so that the resin in
V of the screw, the synchronization ratio S being equal to 100% when the flight
does not apparently move while the screw is rotated and linearly moved
backwards, the synchronization ratio S being smaller than 100% when the fiight
moves backwards while the screw is rotated and linearly moved backwards, the
synchronization ratio S being greater than 100% when the flight moves forwards
while the screw is rotated and linearly moved backwards;
the method further comprising the step of controlling the movement so
that the screw is linearly moved backward at a selected synchronization ratio Sx
C) and simultaneously controlling the rotation of the screw, after completion of the
plasticization/measuring process or the injecting process;
a selected rotation speed Rs of the screw being given by:
Rs = (V/P) x Sx.
8. A method for controlling the injection molding machine according to
claim 7, wherein:
the controller controls the movement of the screw so that the resin in

the heating cylinder tends to be dragged backwards with the flight of the screw,

when the selected synchronization ratio Sx is smaller than 100%;



the heating cylinder tends to be dragged backwards with the flight of the
screw, when the selected synchronization ratio Sx is snmaller than 100% 13
the controller controls the novement of the screw so that the resin in the
heating cylinder tends to be fed forward of the screwrelative to the
backward novenent of the screw, when t sel ected synchronization ratio Sx
Is not smaller than 100% 9. A nethod for controlling an injection nolding
machine in order to control the novenent of a nolten resin in a heating

cylinder of the thejcdetrotier contlals tige Fegi@intent df ite 50ie?¢ b RatBledieBn iRachi ne
including a screw arranged w thin the heating cylinder to be rotatable and

t o be |i ndhelheatingalyliedemeéntavo bg fed fotwarttof dfie acrEw edlafive tdithel ten resin
being noved in a forward feeding direction during a plasticization process
and an i njbaskwagd prexsreent afibe seravewkemihd selagtedsynchegnination ratir 8y istovi ng
the screw backwards relative to the forward feeding direction of the

nol t en red1ol sarrllesithan 18@%ously rotating the screwin the forward feeding
direction, after_coppl e%i 8n of the[\_ | ast,i ci zati on process or the injecting
process. 10. A nbt Hd@9BPd EFrRAUIQ 'mega'ameeﬁ%m%namwmﬁeﬂm@mﬁéo
according to aim9, wherein en the screw |linearl ves, backward, the
o ow moeeontpf 1HE Moyt ot ine T frstii A Healao cfader s g Saachon n 1 ne
forward f i i t {L,on. f 1 NE: oni ' ratio S based on the
ot ati on SpRERRrEEnE, YRR hORi MERELBLERAPE schelkarpngRE
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Hei ng smal | ef than 100% when the flight noves backwards whi e screwis
rotated awidringreplaklicizanetpluvessandsan mjédiing grocues;d feedi ng direction, the

synchroni zation ratio S being greater than 100% when the flight noves

forwards whil e themathedvcosprisirg the step of lineanty movingetthe screw backwards
relative to the forward feeding direction of the molten resin and simultaneously
rotating the screw in the forward feeding direction, after completion of the
plasticization process or the injecting process.

10. A method for controlling an injection molding machine according to
claim 9, wherein, when the screw linearly moves backward, the screw moves at
a linear backward speed V and a rotation speed R in the forward feeding
direction to define a synchronization ratio S based on the rotation speed R of
C> the screw and the linear backward speed V of the screw, the synchronization

ratio S being equal to 100% When the flight does not apparently move whille the
screw is rotated and linearly moved backwards in the forward feeding direction,
the synchronization ratio S being smaller than 100% when the flight moves
backwards while the screw is rotated and linearly moved backwards in the
forward feeding direction, the synchronization ratio S being greater than 100%

when the flight moves forwards while the screw is rotated and linearly moved

backwards in the forward feeding direction.



backwards in the forward feeding direction. 14 11. A nethod for
controlling an injection nolding nmachine according to claim 10, wherein a
selected rotation speed Rs of the screw being given by: Rs = (V/P) x S

12. A nethod of controlling an injection nolding machine according to
claim 10, wherein: the resin in the heating cylinder tends to be dragged
backwards relative to the forward feedi ﬁg direction with the flight of the
screw when a selected synchronization ratio Sx is smaller than 100% the

resin in the heaji ngagythpdebr E6RYSIiHGERS !
synchroni zation ratio Sx is eaua : qgoﬁw?ﬁgnﬁgg?@g.’ﬁs?ﬁ aCCO’d'”Q to
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t han 100% Rs = (V/P) x S.
12. A method of controlling an injection molding machine according to
claim 10, wherein:
the resin in the heating cylinder tends to be dragged backwards relative
to the forward feeding direction with the flight of the screw when a selected .
synchronization ratio Sx is smaller than 100%;
O the resin in the heating cylinder stays there when the selected
synchronization ratio Sx is equal to 100%;
the resin in the heating cylinder tends to be fed forward of the screw
relative to the forward feeding direction when the selected synchronization ratio

Sx is greater than 100%.
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