; $UR' e3e; 8GB@MADFEF6FT8GD DESCRI PTI ON | NJECTI ON APPARATUS AND | NJECTI ON
METHOD TECHNI CAL FI ELD The present invention relates to an injection

appﬁrakw w@ﬂﬁw 'PjectiOD met hod. BAFEGROUND ﬁRT Co?ventionally, a nol di ng
machi e, an injection nolding machi ne, fun
follo @ npner: resin that is nelted in a heating cy|mWMMmmwwmmmmm
applicatidﬁ“%? heat is injected under high pressure into a egykky of a nold
apparatus so as to fill the cavity, the injected resin is cool ed and
solidified in the cavity, and the thus-nolded article is ejected fromthe
cavity. The injection-nmolding machPheCRIPTEENposed of a nol d apparatus, a
nol d- cl anpi ng apparatus, and an injection apparatus. The nold apparat us

i ncludes a stationary nold and a novabl e nol d. The nol dcl anpi ng appar at us

i ncludes_a stationarﬁ&€laten a_novabl e pl aten, a nol d-cl anpi ng notor, and

ot her reRbEFSIEMAPPARATYD ANDSTRECTAEN NETEORDI dcl anpi ng motor, when

oper ated, causes the novable platen to nove toward and away fromthe
stationary platen, thereby causing the nold apparatus to undergo nold

closing, nold claqﬁlng, and nol d opening. The injection apparatus includes
a heat i nEENLENddLELBr nelting resin fed froma hopper through application
of heat, an injection nozzle

he present invention relates to an injection apparatus and an

injection method.

BACKGROUND ART

Conventionally, a molding machine; for example, an injection-
molding machine, functions in the following manner: resin that is
melted in a heating cylinder through application of heat is injected
under high pressure into a cavity of a mold apparatus so as to fill the
cavity, the injected resin is cooled and solidified in the cavity, and
the thus-molded article is ejected from the cavity.

The injection-molding machine is composed of a mold apparatus, a
mold-clamping apparatus, and an injection apparatus. The mold
apparatus includes a stationary mold and a movable mold. The mold-
clamping apparatus includes a stationary platen, a movable platen, a
mold-clamping motor, and other members and functions such that the mold-
clamping motor, when operated, causes the movable platen to move toward
and away from the stationary platen, thereby causing the mold apparatus
to undergo mold closing, mold clamping, and mold opening.

The injection apparatus includes a heating cylinder for melting

resin fed from a hopper through application of heat, an injection nozzle



2 for injecting the nolten resin, and other nenbers and is configured such
that a screw, which serves as an injection nenber, is disposed in the
heating cylinder in a reciprocative and rotatable condition. In an
injection step, an injection notor is operated to thereby generate torque,
and novi ng-di rection conversion neans such as a ball screw converts rotary
notion to linear notion to thereby advance the screw, whereby the resinis
injected fromthe injection nozzle. In a nmetering step, a netering notor is
operated, so .as to rotate the screw, whereby the screwis retreated for
met er ngforl"e§+nd¢0§ﬂ-ﬁseaa%t%ﬁ%ﬁ%trieéanpsa@ RfdiaTedepbersnend HOIGYH 1BPTEde of
t he noving-directi on conversi on neans, ener | oss arises i.n the process of
convert ifﬁ%ht Kot i A7 EHpt VoITh SSFHeS |3 &&r iGN PeTRrE s ¢ fihSP%%ﬁ red
efficiency of the injection apparatus. Additiqnally, since he
movi ng-dﬁ%eegﬁﬁwwaf&é?@@roﬁn DR IBTERARLYE, AA| TORtAblecEPVEid 188 o Tn an
speed-reduci ng nmechanism a large thrust force can ge obtained from a snal
t or que, BUECGTEOH0REED) saN npRd T OTFRIATIET AT OPEERRRR FReLhRRE G- ERNEEéteon
conversion nmeans such as a_ball screw is disposed between a notaqr, which
serves d9TAUEni @&duAPY 1 NERALECEF AW CAViEdH 198 B83NEsSECraT éh hfehbscrew
backl ash or the like arises, thereby inpairing the stop position accuracy
of the SMURIERarOLRNK d9TasN LLQIrlineArnBabin tontacrehe, Viaé]CSrB}W dREd™Cdn
i njection apparatus confjgured such that a |inear notor_apparatus, which
serves a@%egwa@e GEPENT bt 10deetehd ol the @Jerbien inozgile posed 2aPetdrd nBear
end of a heating cyljnder, so, as to advance a screw t hrqugh operati on, of
the Iinedhmogofet BNgPRrar usS qReTRRPd SAKS tPnEOkRbe W N FCEEN TSRt or
of the linear notor apparatus are directly, connected, so that the linear
mot or, HENSEHYF dfede %ﬁﬁe i FFCEFCENAREEL he screw. However, in the

t hus- confi gur i njection apparatus, since ] )
g §2ncejrotary mo%gon Es converted to linear motion by use of the

moving-direction conversion means, energy loss arises in the process of
converting the rotary motion to the linear motion, resulting in impaired
efficiency of the injection apparatus.

Additionally, since the moving-direction conversion means such
as a ball screw serves as a speed-reducing mechanism, a large thrust
force can be obtained from a small torque, but response is impaired.

Furthermore, since the moving-direction conversion means such as
a ball screw is disposed between a motor, which serves as a drive unit,
and a screw, which serves as a driven member, backlash or the like
arises, thereby impairing the stop position accuracy of the screw that
serves as a driven member.

Thus, there is provided an injection apparatus configured such
that a linear motor apparatus, which serves as a drive unit for
carrying out injection, is disposed at the rear end of a heating

cylinder, so as to advance a screw through operation of the linear motor



rotation that is generated in a netering step through operation of a
nmetering notor nust be transmtted to the screw, a predeterm ned rotation
transm ssion system nust be formed between the nmetering notor and the
screw. Wien the screw is advanced through operation of the |inear notor
apparatus, the rotation transm ssion systemis al so advanced/retreated.
Therefore, the weight of novable nenbers including the screw increases,
thereby inpairing response of the injection apparatus. The |inear notor

apparatus used as inj.ection drive unit exhibjts inproved response as

O par cRRPEACHS ot DA 11O CRSFor LN GiBlr an; AoLiieATIGoPE T oF celd Hanepe
generated t hrough operati on, of ﬁhe | i near notor a pagatus is snall

i nj ect i GIPLAF eBRRFEETUSABTE A J&Ré &t%RPqﬂ%§ﬁdth%PtqmaEsF ¢ ot ear alIQkY st HBSBcr ew
to advance is |ow. In. order tpop cope wth the problem the capacity of the

li near MPEERtSRy CHB ¢H3¥$§¥e%éb % SCEf¥ice increasing the capacity of

the |linear notor involveswgbcorrespond'n ingrease in the size, of the

i nj ection app RIEET t hEN '%h?h%ﬁ_%P%%&g%T% el RIRA1PRCRBBRBRLUR s PFRg
in inmpaired, response.. In order to.increase.injectign pressure, the dianeter
of the g ifaythat it geegrare @ Medghénastar téﬁPQHgﬁePp%?aﬁlr?él ofrdw

i nvol ves g carresponding drop in durgbility of the screw as |l as,
i npai r MRtSTHIE é&'fi‘%?i i‘i%r?gt %&pétﬂaiﬁsw,ttﬁét &0 v§esBabrHit ¢, PER eﬂtﬁémllﬂﬁg. An

obj ect of the present .inyention is to solve the above nti oned, probl ens in
t he conf&?@fﬁéﬂgltﬁqﬂ%ﬁﬁbﬁn aPFAFEAL ‘E}és%??@ f Br’lb%\heéﬁe%nﬁrﬁ @@FPBHP%H’B&P& us

and injectjion nethod capabl e of enhancing efficjency, reducing size, and
- enhanci ﬁé’%&ﬂ&bﬁPFFV- o?"ﬂ?ﬁﬂ i SEFEH HR Ya.“quséglée%é @ﬁenqq%qw%mﬁm To
achi eve the above object, an i njection apparatus of the present i.nvention

t
conpri sés &R Y MAEFQL &P odi §@&%ﬁ%9on6@§F§B§§1PHp§y§ Flnd&r néRber,
a |linear notor.device, for vangi n e injectign nmenber en operated, a
ot o agavBheel TREated  JPEREEIE khe et ahdIoRD B orebany et B
drive ns for rotating the qFterin% menber. In this ca%e in.an iggection
step, tH&q iSEEY otdre C ,ereby mpalring response of the injection

apparatus.

The linear motor apparatus used as an injection drive unit
exhibits improved response as compared with a rotational motor.
However, since a thrust force that is generated through operation of the
linear motor apparatus is small, injection pressure that is generated
when the thrust force causes the screw to advance is low. In order to
cope with the problem, the capacity of the linear motor may be
increased. However, since increasing the capacity of the linear motor
involves a corresponding increase in the size of the injection
apparatus, the weight of a movable element increases, resulting in
impaired response.

In order to increase injection pressure, the diameter of the
screw may be reduced. However, reducing the diameter of the screw

involves a corresponding drop in durability of the screw as well as



when operated, can directly advance the injection nenber to thereby perform
i njection; thus, enploynent of an injection notor is unnecessary.

Therefore, the injection nmenber can be advanced wi thout the need to convert
rotary notion to linear notion by neans of rnovingdirection conversion
means such as a ball screw, thereby prgventing occurrence of energy |oss.

As a result, the efficiency of the injection apparatus can be enhanced. In
a nmetering step, since the injection nenber and the netering nenber are

di sposed, i ndependently of, each other, transm ssion of raqtation fromthe
met eri ng‘-”@ﬁ%‘@‘a%éﬁspi@tﬂﬁézhﬁ ERPRRL Wb P Fdagnskability e AN éh%njr]&ﬁeati on
transm ssion system which would otherwi se be fornmed between the netering
drive nmeans anthtPRIEAFelEi SREMPRESENETHEVETION ol St FRct Rt ¥ebERReBROVEE

i njection nenber_and the |linear notor device can be sinplified, whereby the
wei ght dIEHohPdIece DreReens dankast eanyentHend hj Beis i g ARiaratvg Bnde &P

not or devi ce, _and ot her nenbers can be reduced, thereby enhanci ng respanse
of theiHﬁQX&@QWﬁ%pb%ﬂﬁ?EéPnAapﬁﬁ€§¢uﬁo@&§t%QQEQE#QﬂHﬁﬁ%?%@ @ﬁpégéﬁ of
operation of the linear notor device is small; however, by neans of

r educi nERRECdNEnBE BEC NG e HadUEdNBoRlARnNd gnijessingndprakstvy &fnabe

i ncreased., Further, since there is no need to forma flight, a groove, or
the |i kel"gRCEHRN iMgPBBY4 on nember, the durability of the injection menber
can be enhanced. Further, since the injection nenber and the netering
menber are di sposed i ndependently of each other, the plasticizing

capability of the netering nmenber can be selected freely and i ndependently
of the EQWREyOBfTIﬂE]eU‘]i%ENMN on nenber, whereby sufficient netering
stability can be secured. Since noving-direction_ conversion neans such as a
bal | screw i s Mt2&Hpteyetle mPoiekPhsPCts fRvoniRET1aRdaRBAER HReOSt 5P
position accuraﬁéﬁ%f_the i njection nenber. i s enhanced. Since Lnjecti%ﬁ

pr essur PTEERNhlISENLIEN SAMDY 158 rfh dBdeCiRsy Bepker, dlispaged Jaciprecai@tlie
capacity of a |inear notor. Therefore, the size of the injection apparatus
can be riddfcedliNdeTaReTRRs PnjldReaToRCPDAISHIGE BOT AWaPEERR S ADLRRTIGR,

t he
member when operated, a metering member disposed rotatably in the

cylinder member, and metering drive means for rotating the metering
member.

In this case, in an injection step, the linear motor device,
when operated, can directly advance the injection member to thereby
perform injection; thus, employment of an injection motor is
unnecessary. Therefore, the injection member can be advanced without
the need to convert rotary motion to linear motion by means of moving-
direction conversion means such as a ball screw, thereby preventing
occurrence of energy loss. As a result, the efficiency of the injection
apparatus can be enhanced.

In a metering step, since the injection member and the metering
member are disposed independently of each other, transmission of

rotation from the metering drive means to the metering member does not



i njection nmenber and the netering nenber are disposed on different axes.

6 In yet another injection apparatus of the present invention, the

i njection nmenber and the netering nenber are disposed on the sane axis. In
this case, since the injection nenber and the netering nenber are disposed
on the sane axis, the size of the injection apparatus in the height
direction can be reduced. Since the injection nmenber and the netering
menber can be accommodated within the common cylinder nenber, the nunber of
heaters for heatln t he gyllnder renber can be redu gd Further gnber
of conpGifEHLrP 1 éfil@fh TRRFBETS S/ 8ppeetat WS LGN r@ER?cFéHSGI*Pﬁ tqr‘!n?

anot her injectiogn apgaratua of the present invention, a presiﬁre det ecti on
devi ce fRSEWERRE &6 AFLHHESs PRV MEANRTATE e AEFE R PeBieht ARBEH st Pe

i njection nmenber is disposed between the injection_penber and t{he |inear
ot or  dSHUECURRIRETEEENt PR i 9186 ELOM Brang H&epl £8%AN JOREY LY 15 BBV ce,
and the Ilnear qp devi ce are di sposed_on the sa axis. In thjs case

a net er %8y SIMBHL et REEEPY oG iRB8RT coh TWapee e s«vpeﬁae@t%is.tﬁg
rotated;, therefore, the back-pressure detectjion accuracy of the

pr essur éd8EES PN oRCBRRT ¢ dheart 183N AR IS VAICS,, aREvEPBSRTPATRATS fan be
injection menber in an injection step and inpgsition of back pressure on

t he i nj &€APeRd mdHBERLY @“51369@]‘8 TR§PED Ogot}i‘ﬁ)tlnﬂe%ﬁ%aEB@ﬁﬁétr‘-@r on of rotary
notion to linear notion, thereby preventl%g i mposj tion of rotational force

on the pressufelfdistct PSHEdE}Qﬁ'Q:éS grnerated dhgpegePissakden ehethg ndapar

not or devi ce and. the injection nmenber. Further, transm ssion of tension

© arisi ngMAkCR ABYieS oFe ﬁméﬁém BQVRYERy Ve ARalE PR UCIRENE® A kameser Bl |

ScreMISQ%e 1njgct10n member, injection pressure can be increased. Further,
since there is no need to form a flight, a groove, or the like on the
injection member, the durability of the injection member can be
enhanced.

Further, since the injection member and the metering member are
disposed independently of each other, the plasticizing capability of the
metering member can be selected freely and independently of the
durability of the injection member, whereby sufficient metering
stability can be secured. Since moving-direction conversion means such
as a ball screw is not employed, no backlash is involved, and hence the
stop position accuracy of the injection member is enhanced. Since
injection pressure can be sufficiently increased, there is no need to
increase the capacity of a linear motor. Therefore, the size of the
injection apparatus can be reduced.

In another injection apparatus of the present invention, the
injection member and the metering member are disposed on different

axes.



or the like is not involved, thereby preventing detection of tension by the
pressure-detection device. Since the noving-direction conversion neans, the
rotation transm ssion system and the |like are not required, the nunber of
conponent parts can be reduced accordingly. Additionally, since the
injection nenber, the pressure-detectigon device, the |linear notor device,
and ot her nenbers are di sposed on the sane axis, deflection, bending,
strain, and the |ike of conponent parts are prevented from affecting
detectlon to be perfornmed by the pressuredetecti gn device. Therefore, the
pressur e- det €t V& aBother clé}:ﬂeéléi%taﬁﬁﬁré&lﬁoﬁf prhes Presenh diriaatiiPRg th
pressure at high accuracy, whereby back pressure, injection pressure,
dvel | i ndnjeetsion: Bemeer andahhe detaysRABISHbEs NP dis0Set 0 LhetIaile RKi®ct i on
apparatus of the present invention, the |inear notor device conprises a
movabl e menbekn ditdosage r exinseoEhe ablectd olr Nembere ANdoRNE rBeReTSwer BRRRRHg
t he novabl e nmenber, coil nenbers disposed on the drive section frane,
magnet s a8E spbEaEedn onhEhesatls axXiBnbdie iSiz8ppbsiie dmiestite arparakBibih s,
and a gui de device for supporting the npvable nenber. In a still further
i nj ect i 6heappighf Wsirectine %%st@nr*eriﬁveﬁn onLncenéhgoil nieriinn segper diR$osed
on a top wall and a bottomwall, respectivel of the drive section frane.
Al so, tkBenBghersngreciheipssed b@naaﬁom%@at%%rw%élrhﬁ@eam@weﬁ ghit iRgRr
respectively, of the novable nenber. In this case, the guide devices are
di spose@cBeenediea manderyef skeatiesis £oEnBeakng fder égﬂa e dnefibgs SaRfhRes
of the novabl e nmenber 8 without the need to dispose the guide devices
bet weenregacadi vel'sBEREBR th%ﬁ%ﬂ%ﬁﬁrtQﬁaqgﬂﬂgne@ﬁdpﬁﬁﬁérOﬁughacééJeCtlon
respectively, of the novable nenber, thereby sinplifying work for disposing
the novaBPalafMshean by $8dUsek size of the npvabl e menber can be reduced,
and thus the size qof the |inear notor device can_be reduced. A reductlon in
the si ze of tHe SkvdorEOFRSHANIECT &N %PH%?ﬁFE%d@%dﬂﬁgpFéaﬁ%ﬁ|¥ﬂ¥qnﬁlPﬁe

wei ght of the nmovabl e nenber, thereby enhancing acceleratlgn decel er at |
char act SFESEAREs detephion idevire ntit dedeeE 2e NreSeHES Rfsé BPLaing HiRgerie pe
i njection apparatus, a screw. cyl.inder nust be, di spgsed above the |inear
mot or dEVRERIL GhRad ehdhs iRietioRememieEadSndisnosedyPeleessn the Fél%f@éﬁn t he
| raer Teyser antbehe ciheagapats device. Farfher,” e IR dction menter the

pressure-detection device, and the linear motor device are disposed on
the same axis.

In this case, in a metering step, the injection member can be
retreated without being rotated; therefore, the back-pressure detection
accuracy of the pressure-detection device can be enhanced. Also,
advancement of the injection member in an injection step and imposition
of back pressure on the injection member in a dwelling step do not
require conversion of rotary motion to linear motion, thereby
preventing imposition of rotational force on the pressure-detection
device, which is disposed between the linear motor device and the
injection member. Further, transmission of tension arising in a

rotation transmission system such as a timing belt to a ball screw shaft



In yet another injection apparatus of the present invention, the guide
device is disposed between a side surface of the novable nenber and the
drive section frame. In this case, since the guide devices are di sposed
between the drive section frane and the respective side surfaces of the
nmovabl e nenber, the size of the novable nmenber can be reduced in the width
and hei ght directions of the novable nenber, and thus the size of the

| i near notor device in the width and hei ght directions of the |inear notor
devi ce can be reduced Even when operation of the |jnear nDtor device. is
acconparffe&hgy Jtl??erlﬁaFOEXWﬁéV%a ctfhetrﬁey dRnavenkéeg dsivepEiore ofatersion by
reliably held 9 by a block in each guide device. Therefore, the novable
nmenber d&® Bé%%?ﬂ‘rﬁ@}eﬁéé%r%\@tc@d h@ce&h%@@vaggTW@@oancemeer@epae
devices. Since there is no need to dispose a magnet on each of the ri ht
and | ef thesnge e racabien trRaskbstilsnesistibr and heherovikbl areréwbere@Er
readily disposed in a magnetically neutral condition. Therefore, |oad

i posed tdHE t RENEGE T eO BeGiodtd @RAN e DafuB e8amt He® e ddisiethca g OaW A LVey of
t he gui de device.. Since the guide device is disposed between a side surface
of the rddablenaldireeringd thaelniachéon aambgn, ffr%ereewepéemqtdﬁno@ewe,
novabl e nmenmber in the height direction can be adjusted through adjustnent
of the p&s tilsgast meher pieeice, @ndt PEherneRmRars @réc disRosppmttilis sAMEhe
present invention, the guide device is disposed between a | ower surface of
the novaH1E, newbsCtden t Rendinsse SBain omndr Bhe. Like PRi cORRIENtsPRiE erRe
gui de device is not disposed between the upper surface of the novable
menber AVEVER&edr fyem seciedning detechieni ko diepeaderpedweenthtenesmere-
surface of the novabl e nenber and the drive section frame, the size of the
anabIe<¥%ﬁﬁE¥xiﬁeﬂh@ehelght direction of the novable nenber can be
reduced, and thus the size of the linear nmptor device in the height
direction of tRerefRE&s FBEoPreRyLas defechdonedaréae ¢an afiqftﬁ%elmieﬁf%em on
apparatus of the present.invention, the guide device is di sposed between an
upper smreeéer%far{dhéwe%%nﬂ PrREFWE a§nalgrh@cepr%v,sé€erew fgegiepressure,

injection pressure, dwelling pressure, etc. can be favorably controlled.

In a further injection apparatus of the present invention, the
linear motor device comprises a movable member disposed reciprocatably,
a drive section frame surrounding the movable member, coil members
disposed on the drive section frame, magnets disposed on the movable
member in opposition to the coil members, and a guide device for
supporting the movable member.

In a still further injection apparatus of the present invention,
the coil members are disposed on a top wall and a bottom wall,
respectively, of the drive section frame. Also, the magnets are
disposed on an upper surface and a lower surface, respectively, of the
movable member.

In this case, the guide devices are disposed between the drive

section frame and the respective side surfaces of the movable member



In this case, since the guide device is not disposed between the 0]

| ower surface of the novable nenber and the drive section franme, but is

di sposed between the upper surface of the novable nenber and the drive
section frame, the size of the novable nenber in the height direction of

t he novabl e nenber can be reduced, andysthus the size of the |linear notor
device in the height direction of the %inear not or devi ce can be reduced.
In a still further injection apparatus of the present invention, the guide
device conprises a rail disposed on the novahl e nenber in such a manner as
to extendinRul Famdieeddradlisppreechicofuste 4Ry 165 abt@/eRBnbRe HAYCaSHGOR
nmounted on the drive section frame and adapted to hold _the rail. In this

case, sikaa RBIr 5P VRPN A5dseaWeRn SURE asSFablrespPRFisle hi PE the MVGERe s

di sposed on the drive section frame, the size of the npvable nmenber in the
hei ght di9RR&N ok e ePle SABR ALl B1R@ HREK T B4 speguBédtha e hse EaREry t he
size of the linear notaor device in the height directign of_ the |inear notor
devi ce cdethedeiasy of| fhe grovakdenpenbasj 6an b nasyards windithpfeths sdet
invention, force application neans is di sposed between the bl ock and the
drive st it {ingar mpboR devicacginke B9uESE: on apparatus of the present
invention, the drive section frame conprises a protruding nenber fornmed in
such a manner &s ned Y bt eldénokthgarsil ze nof hitdhecdeevaklgcaemberira 4E0Y&chi on
frame has the praotruding menber formed in such a manner. as to protrude

out war d, CAESPESHL 08| FRAURT#PEr 1nuble iwHehis of Ele Marahlegmeeheer  tharebypy

freeing the drive i . Lo .
enhancing acceleration-deceleration characteristics of the linear motor

device.

In the case of a plunger-type injection apparatus, a screw
cylinder must be disposed above the linear motor device. Since the
size of the linear motor device can be reduced, the linear motor device
can be readily used as drive means for use in a plunger-type injection
apparatus.

In yet another injection apparatus of the present invention, the
guide device is disposed between a side surface of the movable member
and the drive section frame.

In this case, since the guide devices are disposed between the
drive section frame and the respective side surfaces of the movable
member, the size of the movable member can be reduced in the width and
height directions of the movable member, and thus the size of the linear
motor device in the width and height directions of the linear motor
device can be reduced.

Even when operation of the linear motor device is accompanied by

thermal expansion of the drive section frame, a rail is reliably held



section frame fromdeformation. Therefore, variations in the thrust force
of the novabl e nenber can be prevented, whereby the injection nenber can be
advanced stably. As a result, the quality of nolded articles can be

i nproved. Since, functioning as a cooling nenber, the protrudi ng nenber
cools the drive section frame, heat ggnerated fromthe |linear notor device
in operation is not transmtted to the heating cylinder via the drive
section frame. Therefore, the tenperature of the nolding material contained
in the heating cylinder can be stabilized, thereby inprqving the qualjty of
mol ded #t AcPLeck 19 BaphraHse ARY ¥+ o NEBP Ty e m@‘h%lﬁr Bewber ibodche: on,
a plurality of protruding nenbers are provided. Alsq, an_air_flow path is
fornmed BEPAERY teelprenateds mpdervEvad 1pnimpaged pnftdia BEEAS Heydeson
apparatus of the present invention, the drive section franme conprises a
side wal | . Al 3&nce dwdle 4§ panneedt toariisgosn ainagnetderspesel oh theerighe
wall. In this case, heat generated fromthe |inear notor device in

oper at i 6dj deffotsidpafdmiacesdof othenhBoKalls mgmbor; Hder movabieacapey £adebi on
frame. Therefore, the tenperature of  the nolding material contained_in_the
heat i ng T€pAL Ry etispeseselntamaenebicakiye pepira nsiondihgen he ThaEe{ 952 0f0A8I ded
articles. In yet another injection apparatus of the present invention, the
cool i ng W9 sed R ekba GriReadediice Al nge cBedrcedn tthied eisesnhaRC LRSI i ng
fan can be stably gperated. In still another injection apparatus of the
present duRgRkItYNOL the Buide 49VdERudi ng menber is disposed in such a nanner

as to extend gerpendicularly to a noving direction of the novabl e nenber.
ince the guide'device is disposed between a side surface of the

movable member and the drive section frame, the position of the movable
member in the height direction can be adjusted through adjustment of
the position of the block.

In still another injection apparatus of the present invention,
the guide device is disposed between a lower surface of the movable
member and the drive section frame.

In this case, since the guide device is not disposed between the
upper surface of the movable member and the drive section frame, but is
disposed between the lower surface of the movable member and the drive
section frame, the size of the movable member in the height direction of
the movable member can be reduced, and thus the size of the linear
motor device in the height direction of the linear motor device can be
reduced.

In a further injection apparatus of the present invention, the
guide device is disposed between an upper surface of the movable member
and the drive section frame.

In this case, since the guide device is not disposed between the



In this case, since the protruding nenber is disposed in such a manner as
to extend perpendicularly to the noving direction of the novabl e nenber,
air whose tenperature has increased as a result fromcooling the drive
section frame is not sent to the periphery of the heating cylinder |ocated
ahead. Therefore, the tenperature of; tsghe nolding material contained in the
heating cylinder can be further stabilized, thereby further inproving the
qual ity of nol ded articles A further injection apparatus of the present
i nventian furthe rlses a SItI e%F%b% devi ce for .detec

t

posi ti onCYFr t$HFrﬁ9@a8 lﬁﬁﬁﬁg? q,megggquq éﬁelﬁ?%ﬁﬁqnoﬁrgﬁﬁaiﬁ?ué S of
the Gr i FOSDREEY iF ¥ERets ATERF sSQHREe Of nble devbié.fﬁ%sn@%?ﬁgﬁicﬁenﬁk%?ce
S frob PGV, 5"&%§pt eea%éééfﬁfiﬁé'ﬂ?@@ .wbtegﬁit B R s L BTN Pom
e 1o erce e gecs s oo (e o et S o g orratio
of S'tth'eoapgg?ie ielith 451 PG THaENEed S lent 46| THA J0BAeT SOKOE GREIGE FaTnBe need

to prOV|d§ ipace within the drive section franme for installation of the
posi ti oS B?% ting device, the size of the Iinear nmot or devi ce can be

duced, o ald JiSy BobeL, L cction apparatus of he present Lovent on.

e L s

ggggzglonch acﬁéﬁﬁgrlg%r Bogxéékj‘%%nEdléﬁgfé& 1na Vgarec Hbgno Ehe mova%?é the
member and a block mounted on the drive section frame and adapted to
hold the rail.

In this case, since the rail is disposed on the movable member
while the block is disposed on the drive section frame, the size of the
movable member in the height direction of the movable member can be
reduced, and consequently the size of the linear motor device in the
height direction of the linear motor device can be reduced.

In yet another injection apparatus of the present invention,
force application means is disposed between the block and the drive
section frame.

In still another injection apparatus of the present invention,
the drive section frame comprises a protruding member formed in such a
manner as to protrude outward.

In this case, since the drive section frame has the protruding

member formed in such a manner as to protrude outward, the protruding

member functions as a reinforcing member, thereby freeing the drive



detection elenent is nmounted on a bracket which protrudes through the
cutout portion and extends along the drive section franme. In an injection
nmet hod of the present invention, the netering nenber is rotated by netering
drive nmeans in order to feed a nolding material, having been fed into a
cylinder nmenber, toward a front end pf; a netering nenber while nelting the
nol ding material, to thereby store the nolding material in a space ahead of
an injection nmenber and retract the injection nmenber by pressure of the
nol di ng material. Subsequently, the injectign nenber. i s advanced through
oper at | SACHROR iaE vtk GPTORIA LN ShabeT 0t WA tiAGS o e KOFUFRG
material,. |In apother injection nethod of the present invention, pressure of
the. ol GORGENAL eF 15 TO VAR En TBRBSE 781 | B2 (RTEVSRtE e UF EE bhe e WIEr BROn
menber, is detected by use o r.essure-det ection device. Then, ba
pressur@eﬂgegoﬁﬁPog?e%d¥ﬁpq §i§§L¥'ofAFhé B?%%LEreﬁkﬁ qqﬂ;¥§ﬂ<ﬂfn80359d
material . BR| EF DESCRIPTION OF DRAWNGS FIG 1 is a front view of an

i nj ecti GRLA SE0sPRSEBFAYSy to a first enbodi nent of the present

invention; FIG, 2 is_.a transverse cross.., 1 4 section showng a nmain
portion of a gﬂﬁ%‘ér ARG LI &S & CRELLNEsPeBR®hdi TishtPIY Udd Ngr BSBRET

i nvention; _Fl 3,is a longitudinal section showng_a main portion of a
linear POPHF g%@i%wehsff Bngre%odfi%mtge@ﬁr@ﬁégpfa%n@her ﬁl\ﬂ@ﬁairoﬁptﬁre 4
is a first . transverse,cross sectjon show ng a nai ortion_of the |inear
ot or | dSEVAEE | T ORETEEEOd S ARG AFTRINTIGECR o 16s BRECIIE GHLLBYET PG tBe| s

an enl arged vi ew show a nai ortion of. the linear nptor device.in the
second & Mt ign tfrf}%mﬁr'eseﬁh& Mii orlle FIREPgrakuge p‘Péntk}?e%\P%ﬁdl’f’ﬁe

| i near notor.device i.n the second enpbodi nent, of th resent .i nyention; FIG
7 s n GBCORIAL ICHITAIEE T GTE JERTTER SHONIRG GaRie: SIaPidbeds HREEPY near
not or device in Ege secand gﬂrogiqgnt Qf .the present invention;, FIG 8 is a
t r ansver&BrRY s tag 94adi tE holwiMedded AitACh8F ti on of a |inear notor device in
a third enbodinent .of .t he Eresegt invention;lﬂé& 9 is an EnLargﬁg.view
showi ng a mai rip8r fPEHIEF RS T HYArERRALR Cife\Ac dhen PSS SRt A8VERDOAN mefit
of the present_invention; FIG 10 is a |aongitydinal, section of line

motor JITERLT Y P GEPCRIGHRE AIRRTS oF1 S EQYEdEnt ARVenfRoRr Fiig" PEts a
Iongitudingl s%ghign Oft% | i near .notor _device in a fifth enbodi nent of the
present PnieSHRETHGRE the PRotiuditgiMeTiPhSY section of a |inear notor
device in a sixth di.ment of. t.he present inventjigon; FIG 13 is a,.
transver se cr%@§a§§§Bﬁoﬁu€&“FhénﬁFﬁE§?nﬁﬂ¥§¥858§i%%qﬁﬁ PRESER % t FVERG AT rent
of the gsgnt igye@tio },and FlIG. 14 is .a fro vi,ew of an inheqﬁio?

appar at U&€attoruitng “td ?@%(r“u?@r&ﬁ%a?rﬁﬁ?ﬁe Bt he ATPRs ehtCoPhIBAtidh [1OBEST
MODE FOR AR NG U HEEp LA €0 side wall.

In this case, heat generated from the linear motor device in
operation 1s not transmitted to the heating cylinder via the drive
section frame. Therefore, the temperature of the molding material
contained in the heating cylinder can be stabilized, thereby improving
the quality of molded articles.

In yet another injection apparatus of the present invention, the
cooling fan is covered with an air-cooling cover.

In this case, the cooling fan can be stably operated.

In still another injection apparatus of the present invention,



1 5 The enbodi nents of the present invention will next be described in
detail with reference to the drawings. FIG 1 is a front view of an
i njection apparatus according to a first enbodi nent of the present
invention, and FIG 2 is a transverse cross section showing a nain portion
of a linear notor device in the firs{ enbodi ment of the present invention.
In FIGS. 1 and 2, reference nuneral 41 denotes an injection nolding nachine
frame, which serves as a nol ding machi ne base. An injection apparatus 43,
an unillustrated nmold apparatus, and an unillustrated nol d-cl anpi ng
appar at 'k i Bybied BANPRE ifj SLEPORABI dingURBCchi HANARENBS410 $RESHBI d
apparatus includes a stationary nold and a novabl e nold. The nol d-cl anpi ng
appar at (PETPREALRIEErdY stutd BRYERE gigeekian REdthsh mpHabienneBpeon- nol di ng
machi ne frame_~1, a novable platen, a toggle nechanism and a nol d-cl anpi ng
not or, whi ch $8r ¢B&S aasfl d&laranphepratirkd insapenest iscdiapesed tiie suefghe
mechani sm The nol d-cl anpi_.ng notor, when operated, actuates the toggle
nechani SIAEErads dons¥éenhePaoRamd K wblaitlan tookkednantnavdireatean wé the
stationary platen, whereby the nold apparatus undergoes nold closin%, nol d
cl anpi ngiovakdendrabeperd ity Whpsentemperaiuiephag iRCHRasESr ABda BETEMA tyols
fornmed between the novable nold and the stationary nold. The present
enmbodi nE1ROLISEs thendrive | sefk v FoeBE 48 MRt Btaivpi ke dpeuipharahef the
However, a nol d-cl.ampi ng_cylinder may be used as the nol dcl anping drive
nmeans. Me2GiHge evildndappapraeted sheathl udierseireas i Hae cieupRRALUTE ofhithA
serves as a first cylinder nenber; an injection nozzle ~8 disposed at 16
the fromoldidg matardml epatednpAcinifhefhedelndfYHgdan ioadebesfurgher
pl unger 44, which serves as an injection nenber, disposed reciprocatably in
t he heatStpidyrrdderherebyafprieer improvivgihee aselitihiath moddedsaniicles.
injection drive neans, for advancing and retreating the plunger 44; and a
screw cyl i nde® SUrtRAT chnikGiican APPArprusteLi FinPresentelnimnkdt dgrtherne
heating cylinder 47 at. a predeterm ned position and adapted to nelt_ and
suppl y £9megiiFessa PomitdoRgdabeering deglend Hedetagting iangeplilijon gf the
i nj ection-apparatuys-noving nmechani sm 52 noves the injection apparatus 43
t owar d diya 5%ym% frthe stationary platen (in the right and |eft
directions in_FIG 1). \Wen the_ injection apparatug 43 advances, (noves
leftward in Fﬁaaﬁ’efﬂo{%h%uw OB eaRRé sefl i drepgat invention,
i nj ection-appar.at,us-novi ng, nechani sm,52 | ncludes twy guide bars 71 (qQne of
whi ch i< W%ﬁéﬂ/ﬁ*ggt?@%n&) SYdGht 48 BHSRPRE] rﬂ“é&tlﬂén%¢d§%"%ﬁ%i en
frame 41; a slide base 72 disposed novably al ong the guide bars 71 and
adaptedfﬁ@m§upport the linear notor device 49; a motor 73, which serves as
i nj ection-app at%ﬁ-nnving drive ﬂﬁans;. n unillusfrated ball screw shaft,
s 0

whi ch serves r SESEonVERST ol 1PnF9eE@C_b?%t 196 oy LSPEREE on
Convor s\ SFEnERE TOlnERE AN (RATS) (08 BRELCYS ARICSETAWBRAdaCIE VER 1 he
oper at | o BT SRREMRAD Grarrs. COTRE e QR T o St U GF s 128 SRRULL ST GhPeat s
const i T (Vi THB0RRGE e BeoRB AL e b SR Dbk G g #5: ary deTon
to Iineaarnmeiaqcn.fr'g&le aprhee%ecrétr.en‘%girg?g%eys Seadebt{ielcltion accuracy of the
position-detecting device can be enhanced, and maintenance and
management of the position-detecting device can be facilitated. Since
there is no need to provide a space within the drive section frame for

installation of the position-detecting device, the size of the linear

motor device can be reduced.



1 7 screw, which is conmposed of the ball screw shaft and the ball nut, as
novi ng-di rection conversion neans for converting rotary notion to |inear
notion. However, in place of the ball screw, a roller screw may be used.
The roller screwincludes a roller screw shaft, which serves as a first
conversion elenent, and a roller nut, gwhich serves as a second conversion
el ement, screwengaged with the roller screw shaft. The stationary pl aten
and a support plate 55 are connected by nmeans of unillustrated expandabl e
[ osed.. The heating.cylinder 47 is

connection rodgs, ich are diaggonally dis I

supported at ?TP SV%,\Q&VIO@%@P( 1REEGLI9R XEP@NFWSFPQ ths Qﬁﬁﬁ?@énén%@l‘%w’s &Bpor t
pl ate 55. The screw cylinder, 51 incluydes a cylinder portion 57, iC
serves é?sétéﬁﬁﬁéﬁFQEﬁ&nﬂdg?VH%%5§WPPéS%%ﬁ%éEF?EngﬁEﬁéi%OHS@EFB?nEgﬂ%ﬁgéyng

the front en f the cylinder paortion 57 and _the heating cylinder 47; a
screw 45 GHEC ﬁgsépvggeagréy$mﬁé§§%ﬂ? ﬁH@raHﬁdaa§e%PEﬁeé%ﬁ%%@ﬁQQgeéﬁﬁﬁgF,

di sposed rot%iabl in th% cylinder portion 57; and a notor 59, which serves
as dri va@OREERS o thRatQ0AE 'y and metering use, for rotating the screw
45. The screw_cylinder 51 extends qbliquely upward fromthe connection

posi ti on wher &1t el Sl BBRLEGT i HUECT3oN| aPRagimteist €8 TS tHeSRBAt IRGEEIONndar
47. A spiral flight is fornmed on the outer surface of the screw 45, and a

groove CSCPBE MR EIHngSt Hermad dht the plrdvaceediiomérape or /950, ahhgigecond

hydr aul i ¢, not or be used as the drive ans for material supply. an

met er i n§CGEELIGh LM el S 4@ AR ] chragkes WhéckyRsis: eéntﬁﬁqqﬁﬁ’ég?
axes in sgch a nanner as to %khgiast artially overl each other in the
axi al diPERYE APTUIAR I REERNGE &leNE FiRe B BYE SECEHODUTBEE- shaft 63 of the

P E T BT LA T
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operation-are one anot her ~and

per pendiggubarhyck Srldd@ulBVi 8L Htr8T 18 o fere BalPY A SHODHEuAS of the

molding material.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a front view of an injection apparatus according to a

first embodiment of the present invention; FIG. 2 is a transverse cross



1 9 which is disposed reciprocatably (in a manner novable toward the near
side and the far side along the direction perpendicular to the paper on
which FIG 2 appears) in the drive section frane 81. Simlarly, a plurality
of ribs 103, which serve as protrudi ng nenbers, for enhancing structural
strength and radiating heat generated fyromthe |inear notor device 49 in
operation are forned on the bottomwall 92 in parallel with one another and
perpendicularly to the noving direction of the novable portion 13.

Ref erence nuneral 13| denotes an air-cooling cover which is disposed. in
such a nmERRBICAShQyidgyer ekl ReRfdaRaPrt 84lHIREN H048EpHRWIGD ldbdhet herst

| i near notor device 49 An air intake 133 is _fornmed on_the_ air-cqoling, cover
131 . Al s8mba@ingnt ofsthat Reesant dBBERHPBoVeb- i 3 1 shderaitudidiadn sge er
as to cover the side wall 93, and an air outlet is forned on the .

ai r - cool BRGWER & MaAnnRrLios af spokld@asnneber slevicatHke sggond gybodiment
suction-t%pe cooling fans 142 are nounted on the side wall 94 along the

axi al di Pectherprasantte invaebiomotid/G.ddvised 401 18 thILEREFVEYSS fCLASESs SE0D1g
enhancing structural strength and radiatjing heat generated fromthe |inear
not or deVle¥ing enmggey RAH Y ©ff dhted Bifamanasiak deyice o dme gegand
parallel w th one another and perpendicularly to the noving direction, of

t he nmovaBheogigientonl 18he Meeaery inveatioms F161 7 oisien ekarsgdsviry shewieg m
of a protruding nmenber that protrudes outward, and function as reinforcing
nmember s anWai’ RBBILORgOfiekife risinerBxioteh deaviigeatn nidicosegend cenbaglifent o
described. The linear notor device 49 includes the drive section franme 81,
t he novabhe Brssengningentiens 06 ds\d qdanivlewvaic kheelineagsmeiprydevice o
menbers, for slidably supporting and guiding the novabl e _portion 13; four
coi | nmenB8r §ha secpmdc RmBed eents Ofr thargresesie Al eentidisoEdd- oh e gerord
section frane 81 and adapted to npve the novable portion 13; .and magnets
17, whi chT8BFVRrSE GRATBHEECT 1eNeFROVEIE f élwd@eaoaglweowﬁ@ 1dnepscBOEem
right-and-left side surfaces of the novable portion 13 in_oppqsiftign to the
cor r espoRBVHSE ¢l ItheeABEPRA EpbodireRtit futthenreset INVeRE iy atlG-he ¥ ot
end of the novable portion 13, The output shaft 63 i,s connected to the

pl unger 1E3PSHErRR ®BOEBI 2epiaPe BOWINHE § Jwd e POrtirBsPh Br é38ERE motor
detection neans) 62, and th dapter 61. The novable portion and. t he
ol | renBBYS08 al ghit MGk SMZORLABAT Fordlc PPRGSh! HevISA s FIb- | Holbdes
rails 33 and bl ocks 3~ The rails 33 are di qﬁ%ﬁ .on the u p&r and,logﬁr
sur f aces ®BFa¥4R YoFUbFROBEIE PoRa i RATTLERHC énears MogoEydeihlee 1n the

I i tudipally. The bl ock ~ di d th f f th
wal T 01 SRATS T en Ry T abBe GRS tha Ty SRRl 1 T35 ORI aonEhutisal b
d th Lls 33 d I i it , at .t
Dol £ nacet oot Padiiedta mear Misrioti By, 1dt o RRedArERE: off vid Branent
the novable portio I¢311The bl.ocks, 34 hold Hpe c&greapondin trai(llls.33..
Uni 11 ust PAYREI686 | ELGoi 1T OF 3 JONEAG SRR aeet FBr b HaPRRBAIAE SRIiCE 33
dth i b] ~. _Th i. | nb i.ncl.ud 6
mount oa BrEtTE, PIDOHAPENEPE e BITTR dal PTOT s aht: HE Sha Setdsudinah g
9~, tivel .coi | 7 d .th i 36. F
exarp! o SRREN s &GP IOGr RN LRRntr phaseh SRCHIRNE SErainPsasy:
Teans of sa0eHPLAA MRt 49 LOVE"L8ls R 8eS HPBLS St chEr oBhd & Hhart BSESS! !
device in the sixth embodiment of the present invention; and FIG. 14 is

a front view of an injection apparatus according to a seventh

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION



2 1 16 generate magnetic flux. The thus-generated nmagnetic flux links with
the magnets 17. As a result, nagnetically attractive and repul sive forces
are generated between the coil nmenbers 16 and the correspondi ng magnets 17.
The thus-generated attractive and repul sive forces generate a drive force
on the magnets 17. Serving as a thrusgts force for the novable portion 13,
the thus-generated drive force causes the novable portion 13 to nove

reci procatably. In a nmetering step, the thus-configured injection apparatus
operates int foll oy ng manner. Metering.process neans _of, the contr.

Sbet fon perf ol MRS IS A bhecuesemy 1BYSIEEH RO . pew: LB (E¥tiged

t hrough operatjon of the notor, 5 Resin which is supplied into the

cyl i ndert g???%ﬁ]“@?kt¥ﬁééfﬁﬂcﬁ'Hﬁggﬁi adflgPty port ~6 is nelted. The nolten
resin is caus t o, advance along a groove qn fhe screw ~5 and is.then
Cuppli ed it ofdRe he thg ropi Hagh O A dngRet Lon AR neREey B AS 3
result, the pressure of the resin causes the plunger_~~_tQ retyeat (nove

ri ght warfd- s Pm@gll”j‘%ntvﬁér &by RIRSeNGs TRVPRE b r 889 A 2of St ﬁe‘gﬁqﬁﬁ’ Fe~~
in the heatin% cg[in%gg 47. At this tine, t?e Ierin%@%roc SS. means

recei veSTRRSk SEEELQN rRNQIENEc Bela by RUE 10881 cBI HER A HR LR e Y 4N ithEar
not or device ~9 ta oge&gte so as to control back pressure inposed on the

pl unger EAstrgabasdipenty Qih khg BRRSENT alEN89 be provi ded in the connection
menber 58 in d Lo selecgtively_establish co icatign between the
(nterior of tH& HASSng i RdoFCLoraREe IS TR br &0t & PNGEE 1on-
portion 57, whereb ,bac? ressure to be inposed on.the screml~%)can bﬁ
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reduced.” Fur tro pl unger ~ ween e retre Imt

ond L1 SOURIRETERN TR Rl LR TR TARESHTSLY ol ool el Bty
is formed between the movable mold and the stationary mold. The
present embodiment uses a mold-clamping motor as mold-clamping drive
means. However, a mold-clamping cylinder may be used as the mold-
clamping drive means.

The injection apparatus 43 includes a heating cylinder 47, which

serves as a first cylinder member; an injection nozzle 48 disposed at



2 3 operated, can directly advance the plunger 4~ for carrying out
injection; as a result, the plunger ~~ can be advanced without the need to
convert rotary notion to |inear notion by use of noving-direction
conversion nmeans such as a ball screw, thereby preventing occurrence of
energy loss. Therefore, the efficiency, of the injection apparatus ~3 can be
enhanced. Further, since the plunger ~~ and the screw ~5 are di sposed

i ndependently of each other, the plasticizing capability of the screw ~5
can be selected freely and independently of the durability of the plunger
~~, Mert@@yfggnti%m%n@/th@etl@ftngn@tﬂabiﬂﬁd{y1aaﬂf behes deatdng” ey hirder 47; a
nmovi ng-di_rection conversi on means such as a ball screw is_not enployed, no
backl astplusgemvdl,vEdichsgriends ehelkiashipogianbes, tispeaey wsciprecaiabiyer
4~ is enhanced. In the netering step, the plunger ~~ can be retreated

Wi t hout mhéhﬁe@a@@ao&yﬂéﬂ@%d?? it ﬁe&éﬂ%@%,mqt@é? Bagicorihs whéchesartesons
accuracy of the load cell 62 can be enhanced. Al so, advancenent of the

pl unger indechiqmdriikpeteansn Sorpdvsacingoyid rebhreftisgckhe rdssger B ehe
plunger 4~ in the dwelling step do not require conversion of rotary notion
to | i nedr SABEV ey lindareby, rebicibisgrgesvanta idashpotzinddesice otcanresied
force on the load cell 62, which is disposed between the |inear notor

devi ce 10 4hd hertimaisydinder YHuether predefanmissd opovitioansndnadantsidngoin a
rotation transm ssion systemsuch as_a timng belt to a ball screw shaft or
the |ikd&els abd SURRIWadresHerashy fiRédingdiateriabote sthy beahieg dyrdmder
detecting tension. Since the noving-direction conversion neans, the

rot ati ol ft-r aABniBdpehleyARIAragHg - IAB1NG Keealan isgt SPefavesdihe injecthen
nunber of conponent parts can be reduced accordingly. Additionally, since
the pl uRgPRratus thi teiapteand BvayhErpgathe atiatéonarhelakepul 18t rdshtt he
novabl e portion 13, and other nenbers are_di sposed on the sane axis,

def | ect iggW, lsdididigecdtionisn inahd G-nd )I-i kéhen Edepdndeectpant apaREagHEVEAL ed
fromaffecting detection to be perfornmed by the |oad cell 62. Therefore,

t he | oa@d¥vanres?2 (Bavedetaldivandj st FoR- pt bs Sinzzlendouak| FangPpmesdoracd:
hi gh accuracy, whereby back pressure, injection pressure, and dmelling
pressur dNdEn bhet BuiREbiop-asReFatudioving: echanisn Ay dnepudes rigw gnade

pl unger BEESQ?F 6&%% SfrﬁachSigwéily shown in FIG. 1) mounted on the injection-
molding machine frame 41; a slide base 72 disposed movably along the
guide bars 71 and adapted to support the linear motor device 49; a
motor 73, which serves as injection-apparatus-moving drive means; an
unillustrated ball screw shaft, which serves as a first conversion
element, to be rotated through operation of the motor 73; and an
unillustrated ball nut, which serves as a second conversion element,
mounted on the slide base 72 and screw-engaged with the ball screw
shaft. Therefore, when the ball screw shaft is rotated through
operation of the motor 73, the injection apparatus 43 advances and
retreats via the slide base T72. Notably, the ball screw shaft and the

ball nut constitute moving-direction conversion means for converting

rotary motion to linear motion. The present embodiment uses a ball



di sposed i ndependently of each other, transm ssion of rotation fromthe
notor 59 in operation to the screw ~5 does not require a rotation

transm ssion system which woul d ot herwi se be fornmed between the notor 59
and the plunger 4~. Therefore, the structure between the plunger ~4 and the
movabl e portion 13 can be sinplified; mhereby the weight of novable nmenbers
such as the plunger ~~ and the novable portion 13 can be reduced, thereby
enhanci ng response of the injection apparatus ~3. A thrust force that is
generated through operation of the linear notor device ~9 is spall;

however ,S%Sﬁ”neélﬁéc%flsr EAIPPAgA t He tieaRed erSaen Reapt Lﬁ’@erthﬁ~Paﬁ:j i 68
pressure cgn be increased. Further, since there is no need to forma
flight, @P%ﬁngﬁ@%£EQ§ﬁ0Frﬁ?ﬂvﬁﬁélQﬂ1m€ﬁ€5FﬁQﬂw§@¥Venqln8h%PQﬁFNaE@W#qpyt@f1%ﬂ%§f

pl unger ~~ can bﬁ enhanced. Since injection pressure can,be sufficien%ly

i ncr eas iRt 4Mer e HPYCHBr neblyl RIGCENOfehBR Rhel 3678t ¢ 5PLLPR FGHRIAMaYOPET .
Therefore, the_size qf the inLecaign apparitus ~3 cap be reduced. 25
Al'so, evitdrhenn® FOlgetngereninghidehe JOLRr -3-uge S @?%nd&dchns%‘feeﬁ P8l
with each other, simlar effect can_be yielded. Meanwhile, in the

t hus- corft i (g&PECPT IR CRo &Ml 8Bd 49 FOLRBT niigfne 'S 14y 3018 3B 0R BCORdt he
upper and | ower surfaces and right and |eft side_surfaces of the novable
porti on CORVEEsien edeuent, werRWNEaespotithgthdeodonicenoshaidn 13 is
conplicated. Al so, the screw cylinder 51 nust be di sposed above the |inear
notor devi ce 91€ FhALAPBARYNRERESD AN ERIPPRET gD ake dohiare conngeged by

di sposed between the novable portion 13 and the top wall 91 and between the
movabl e S 8h WEl ldNatraed, sxpardaRdel copeqtign srods oHhif ariendAREoRsEY

device ~9, in the hejight direction is ynavoidably increased. Thus, next wl|l
be descr-Hﬁﬁﬁﬁgsecﬁﬂgqgﬁﬁﬁéﬁhﬁﬁ 1@&6& 6§E§BHPX?HW%ﬁFiéﬁSCB%?FdHdelﬁﬁ
such a manner as. to sjinplify work of disposing the vabl e portjon 13 and
to reducelf esridzémo?ﬁemi R¥aMeaBE 0Pt d c%gp@rtsfﬁtﬁ%r%@ f dRCuBEEEW
simlar tq .those ?f_t e(%%£st epbodi ment are denoted by comon referenge
ngggpl con

nuner al Y SFedl &r PRLIRIEY MEdPNi 37 ottty SeEVes a5 ia s

| ongi tudi nal .section showi ng a in rtion of a )
g c&llnder member; a con ect?gh me%ger 58 for connecting the front end of

the cylinder portion 57 and the heating cylinder 47; a screw U5, which
serves as a metering member and as a plasticizing member, disposed
rotatably in the cylinder portion 57; and a motor 59, which serves as
drive means for material supply and metering use, for rotating the screw
45, The screw cylinder 51 extends obliquely upward from the connection
position where the screw cylinder 51 is connected to the heating
cylinder 47. A spiral flight is formed on the outer surface of the
screw 45, and a groove is formed along the flight. In place of the
motor 59, an oil hydraulic motor may be used as the drive means for
material supply and metering use. The plunger 44 and the screw 45 are
disposed on different axes in such a manner as to at least partially
overlap each other in the axial direction.

The plunger 44 is connected to an output shaft 63 of the linear



| i near notor device in the second enbodi nent of the present invention; FIG
~1is a first transverse cross section showing a main portion of the |inear
not or device in the second enbodi nent of the present invention; FIG 5 is
an enl arged view showing a main portion of the |inear notor device in the
second enbodi nent of the present invendgion;, FIG 6 is a plan view of the
| i near notor device in the second enbodi nent of the present invention; and
FIG 7 is a second transverse cross section 2 6 showing a main portion of

the linear notor. device.in the second enbqdi gent. of .t he present.|nvention.
| n FI GSTOSOFoIeViGedicr T ATy BABPEET 48 xddhoPed CEYY H2ar b oNabIc P
advanci and, . retreatin h | unger ~~. The | i near tor .devi.ce .49

o naeBl A Lo | Ll e P dYEE a5, anpeersnRer d88c ekl PEyAGYA By TORe
drive section.frane, 81 .and di sposed reci procat abl in manner novable in
Che 1 orsahi g A itaans pheshoRs AdheT1 Pie is2ahPos duf hoR Frammigr o

ui de devi ces 85 di.spos between the drive, section frane 81 .and .t he r.i ght
In | of s TRt Aa By g eRERTengEoB! (PR aaiatl & o MR tds BId teaBit o

Sorve adtvERaRy SIBAGHIE SHPRRBCCHETY t Gpovai R i APRORRERRIl 02,
ronber SHE JRAHEGHe (-0 Y e GG S P oG s Ut dHFy bR SN P 4Pl pob B on
e D B P LR AR S3, ! KOEGTBYoe [t B A9OROS Fhonl(
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Puch, 2 TIEL A OnELends gL LMLl o hE PLERKS 14 SLp RIS

0 300550, S Leab el SN 5ROt %810 3300500 8 Lposich 2 e
two positions in the present enbodinent, .along the |ongitudinal direction
of the. TR PECRHRG oBS00 HRPTEGeke: TrL (R Rha Eorr LS pndtng™r B TE13.
and t he XePReRharith Aibllodkceiard B ol BiRas e se i nel ude cor o5 136
ecti on frame 810G teo ATk aes ik ratREY e, s ERERE Lk s but WY o7
meant. oftn A R E7ac BACT nyor EF DA RRE gy O i SE P A o
w th e toners F45: "R Srdd ok b ST BHatervE B s il B
magnet s FFEIG Phadtoantrar di ot pait i hnind ouly Bebabr e HEREaR s

drive fggﬁgfﬁge%ﬂﬁgﬁggg?%afgéngﬁfgéﬁggIqﬁsa66hrust force for the novabl e

menber -gener a Oorce causes the novable nmenber 83 to

move |inearly e Faignct Nfufi A HeHenBEe8Sa aiFi il SRARELDSLUREN TG HidSe

wal |'s
section frame 81 includes a top wall 91, a bottom wall 92, side walls
93 and 94, a front wall 95, and a rear wall 96. A plurality of ribs
101, which serve as protruding members, for enhancing structural
strength and radiating heat generated from the linear motor device 49

in operation are formed on the top wall 91 in parallel with one another

and perpendicularly to the moving direction of the movable portion 13,



93 and 94 and the respective right and | eft side surfaces of the novable
menber 83 wi thout the need to di spose the guide devices between the top
wal | 91 and the upper surface of the novable nenber 83 and between the
bottomwall 92 and the | ower surface of the novabl e nenber 83, thereby
sinmplifying work for disposing the npvwabl e nenber 83 and reducing the size
of the novable nenber 83 in the height direction. As a result, the size of
the linear notor device ~9 in the height 2 8 direction can be reduced.

Al so, since.there.,is no need to di spose, magnets on the respective right and
left si dBiShr i8¢ %S%Eeﬁw%ﬁﬁaéaﬂﬁb n@,maﬁﬁeft%‘fagﬂiest Baﬁéefg‘et 8%31'

di spose cai l ers, on the respective side walls 93 and 94, the size of
the |i ne%Lﬂent‘gFBt?e\fﬁEeS%& ﬁﬁfO%éﬁ'\ﬁ 8L el 108 PRIgRENEa AU r%(&i’:‘@dpafﬂ?rft RBr .
Further, since_the_rails 113 are dispqsed on the respective right and |eft
side SuMHGDs 361 ReARBOABF S ki dg&,veaﬁac{ﬂh@nbf%rﬁ% §ﬂ1-4 érl@%ﬁiaggxsea on
the respectiye side walls 93 and 94, the size of. the novable nenmher 83 in

t he hei gﬁw‘aﬁ%%tq of1Ban! b ng‘g%é‘&fvﬁsa% presrvding HeMReLSy Tt fRNANCHBAr
notor device 49 jn the height direction can be redac d. Sinci,the meight of
t he novabiraChenidbsStagnghh 4 redireing deat cggnaratedr Fedpdngi ngned gotor
reduction i.n the size of the novabl e nenber 83 in téii\m dth and Egigpt

di rect i SYicadtLIisr APt care farmeh @nibadidtrgivald 82 ihoaraheak Wibhor
device 49 can be enhanced. In the case of the plunger-type injection

appar at (5€48neHey and PeRRendcHhARLY toaéhesnoving: dpeeef ko Edthad ryabhe

| i near notor device_49. Since the_sjze of the |linear nptor device éibln t he
hei ght dOF&ERT o -cafiebraneaueEiera nt3 | drBEaFeSENoR IEPRdeNA SRR WelGieddi | y
used as drive ans for use in the, plunger-type.injectiaon apparatus 43.
Meanwhi | ,Spgﬁﬁggl% AORARER 138 [EPrEaren side i@l Ud AVGI VRLAeRiRTy of
phase cyrrent.tq the coils 137, the ils 13+ generat eat,. which causes
Doyl G BRI e dEnERE TSHT 0N 66t Hom wh PAT OTGka S35 T Torles 4 tacor b
t hermal expansion of the top agﬂ botton1W%!Is 91 agd 92, thernal - expansi on
absor pt i —Hgghéng4%oy§; 1371, so, an unillustrated air-cooling cover 1is

disposed in such a manner as to cover the side wall 93, and an air
outlet is formed on the air-cooling cover. A mesh is disposed on the
air intake 133. Two suction-type cooling fans 142 are mounted on the
side wall 94 along the axial direction of the linear motor device 49. A
plurality of ribs 102 for enhancing structural strength and radiating
heat generated from the linear motor device 49 in operation are formed
on the side walls 93 and 94 in parallel with one another and
perpendicularly to the moving direction of the movable portion 13.
Notably, the ribs 101 to 103 each assume the form of a protruding
member that protrudes outward, and function as reinforcing members and
as cooling members.
Next, the linear motor device 49 will be described.
The linear motor device 49 includes the drive section frame 871;

the movable portion 13; four guide devices 15, which serve as guide



2 9 disposed between at |east one of the side walls 93 and 94 and the guide
device 85, in the present enbodi nent between the side wall 93 and the guide
devi ce 85. The thermal - expansi on absorption nmeans |45 includes a bolt bl

di sposed in such a manner as to extend through the side wall 93
perpendicularly to the rail 113 and sqgyewengaged with the block 114, and a
spring sp, which serves as force application neans, disposed in a gap

bet ween the side wall 93 and the block 114 in such a manner as to surround
the bolt bl and to ap%wé Rre-load to the block 114. An insertion hole_161

i s for mEmPRTEhel OF del IMANLYoSUBRPRIsngG a8 gHbRING dPfomeVRREe nRpETIgN 135

Ref erence synbo|l b2 denotes a bolt that serves as fixation neans_for
connect iRyt felkineabear| 1 @y vight BRI dskprimary ¢lements e sdsposeba Bft

t he thermal - expansi on absorpti on neans, 145 is di sposed between the side

wal | 93 QAyet rCgAnddraesi tle 299, adpmisrdeto BPYE Itie MRERRAS Doxpassi bk and
absorption neans_may al so be di sposed between the side wall 94 and the

gui de déREBELES! TWHEH GBSy ARl SePNAgRy EhBISRES o IFRPFEG 201 HelaraiPPer
expand as a result tron1op§ration_of the |inear notor device 49, an_ .

i npel | i Ayriarecand nigtspRinR & sigresdraqase Of| bR SmoAVEP lEoRAF BLAThd drdltabl e
menber 83, mheyebé the bl ocks 114 suffjiciently retain the corres?onding
rails 1PPPOFHYION §0aBle pREREERPINNE G IAc peERer’S 16t helhgapubRitavsBalt 3 dFde
wal | 93 and the bl ocks 114. Wen the coils 134 stop generating heat as a
resul t dorpgd at dag frettorendeof cdesaovebimpinegtiannitg, Thaeouteptualalitop3and
the bottomwall 92 are cooled and contract. Wile retaining the

cor r espdiFdrABneeliads te1she inaingescke vila theenpyalleoplabodtt the 193k cgall 93
against the inpelling force of the springs sp. This is 3 0 acconpani_ed by
a decr eddESiR PRSP KELREEHON HISaSS b0l AN $hgnademier 6leks THa IOVRD 18
result, the_ guide devices 85 function such that the bl ocks 114 reliably

hol d thé’oé‘éi“?’és]&)ﬁagnﬂ“er &PIs BEMPErs hit ERPShT R Aol S1R98t ROPTI procat i ve
notion of the_novabl e nmber 83. .In_order tq adjust the position_of th
movabl e menbef 8 EYIHG VH%?%rﬁ5(ﬁnPéB@?%nfaiiﬁpé r?n®léh9é§313g°ar?b%ﬂn§6g§ed

bet ween t he correspondi ng bl ocks 114 and the bottomwal|l 92, ereby .
supportiaagaFﬁeé%§QQS§5p8Hd?nﬁ;qﬂpﬁEk%nQ. WEKI§E€§%%ﬁSu9$ﬁ§ﬂﬁ WGWGEE§ Brg-158Pe
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not or ﬁﬁ%%%ésﬁ%xhﬂg°8fﬁé%£%H.are formed at predetermned intervals on the
top wa

The coil members 16 include cores 36 mounted on the top wall 91,
the bottom wall 92, and the side walls 93 and 94, respectively, and
coils 37 wound on the corresponding cores 36. For example, when phase
currents of relevant phases, which are generated by means of an

unillustrated inverter, are supplied to the coils 37, the coil members



3 1 parallel wth one another and perpendicularly to the noving direction
of the novable nenber 83. Simlarly, a plurality of ribs 103 for enhancing
structural strength and radiating heat generated fromthe |inear notor
device 49 in operation are formed at predetermned intervals on the bottom
wall 92 in parallel with one anotheryand perpendicularly to the noving
direction of the novable nenber 83. Notably, a plurality of ribs for
enhancing structural strength and radi ati ng heat generated fromthe |inear
notor device 49 in operatign may also be forned on the side walls 93.and 94
in par allPeBENREa S ABERRIOIh L Uknd ﬁ@ 5@%&?@@5@?@5 tﬂ@gﬂﬁElq'rtfaiuﬁg Hike¥LtBn of
t he novabl e nmenber 83. An air flow path for coolin% the, linear nntgr,device
49 can B&er BegRatanble thie A NESHA LmobdNefelfcdd V40t LEReEIYE ANld yePHeE W
the linear notor device 49 and the netering notor 59 as well as bel qw t he

| i near rfOTEES G EeNgvatepLatiesnl tie coddwbarbanse P aechthepEFTRRRANE LN 0
and the nol ding machine frane 41. Reference nuneral 131 denotes an

air- coolﬂiaﬂge'%agr- whie Fhus-gengyased attragbiven apanieulsd ve f eeereansEate de
wall 94 and is adapted tqQ cool the |inear motor device 49. An air_ intake
133 (FI @ 91)iVEsTPBefeen oha HEERRESchot | mEREVEr 2832, thdsth TRrge ifeTdF8Bosed
on the air intake 133. A npunt portion 141 is fornped on the side malb 94.
Two suctloyabLy gt Ag, f Bhe Bus-greerrtnt dA18R TPRCEaNESPOFRS SivveRie
along the axial direction of the |jnear notor device 49. Each of the

cool i ng FPEREON 4B {te Peatealrtacstahlbper ati on of an unillustrated suction
not or, which serves as cooling drive neans. As .the cooqling fans 142 rotate,
air is taken ild BhMSUGy inge sdiep i sk éSuE3sonAiguradt 1ndeEhhen RRAPRBBLYSt he
side wall 94 and then flows_through 3 2 ajr flow paths formed between the
ri bs 10PPERACehriGuGhe ATl 1PVENE FRNAST ¢ oMeea it RERFFThEerNH L 6B a@%ﬁgﬁ he
directions of the arrows of FIGS. 6 and 7 whil e being gukggd b%ﬁthﬁ rLbs
101 and SEGF1MoPRBILPIIENE PRESUIDELARPICRETAGT RASANRES Ader SPREYF “a tO

protrudi ng menher that protrude utward, and function as, reinforcjn

P ber o T RGP RaRIaReoT oo Hobon 2Bh- BeTH whieh ois SuRBRIR 1850;
noved, stress_is_exerted on_the drive section frane _81. er, si,nce the
T ber 107 hen Gy 1654%F SOeBa5AnCRHALEN (& BOLBELT br URRANG PBTE. Tl ge.
section franme gl is not defornmed., Therefore,_ variations in the thrustqurce
of the r%\?aﬁl LERBERFLIBI S SAUBRD pr R RAVEDES RhN& BTREVEI BRGNS SCTEHN Be
advanced (Jmved leftward in FIGS,, 3 and.6) stably. a.result, not_ only
o he Sm A TheR srtiasoninre tes pERLREoelmdkn T Babrhee oot 0n

t hi ckness of t drAve section frame 81 caggb% reduced, wherepy the weight
of the IMSHDEF nBt orfSI& FEEUAY (AP RECTRUMR &, WhHeFEBY CRHGER Y % i Fbns

when hed §§ﬁ§$§?%¥h SRt h@g%fﬁw “ihof'ﬁii davi BaeHetY nrh?.eéigfﬁwﬁfﬁa{‘sl’ég%s’
. . i d— whi o .
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h | I

Genor at Ay BREERE T i BSFeHoRbr e rianlgs 1Rk aRn Y endfeedfdh vatiee
to the rﬁgyib%gpggbﬁgggriﬁjkﬁgi%onn%c%ion member 58 in order to selectively

establish communication between the interior of the heating cylinder 47
and the interior of the cylinder portion 57, whereby back pressure to
be imposed on the screw 45 can be adjusted through reduction of opening

of the changeover valve.



the drive section frane 81. Therefore, the tenperature of resin contained
in the heating cylinder 47 does not vary, thereby inproving the quality of
nol ded articles. Further, since the ribs 101 and 103 are forned
perpendicularly to the noving direction of the novable nenber 83, air whose
tenperature has increased as a resulj ,fromcooling the top wall 91 and the
bottomwall 92 is not sent to the periphery of the heating cylinder 47

| ocat ed ahead. Therefore, the tenperature of resin contained in the heating
cylinder 47 can be further stabilized, thereby further inproving the
quality of molde@nainijecésonspher, t Helemuinn goadess Meaniss ofi §pesedandrot he
side wall 94, a plurality of cooling fans 142, which serve as heat

t r ansporseciiabeperfaras Ba thigsdsen, Proresshy thanabiyidrysingl they perisrnifice.
Al so, the cooling fans 142 are covered with the air-cooling cover 131, and
nmeshes dice adivepesehsaugheoperabsporel rghai kinearamesoradevilner 8y As a
preventing entry of dust, grunge, and the like into the interior of the

ai r - coolreayleovidie T®EinTher Biincdedt hete ddla agoramenismedananietistfzgmy the
operated. Next, a third enbodi nent of the present invention will be

descri béd.jesttrigut sz ¥edtdy esfsithisrt ine ¢ Hove bijedlelon reroeads seeand
enbodi nents are denoted by common reference nunerals, and redundant

descri ptear orfisr speedscontroddby Freans ¢ tha rlameedr seterodsvieet #8nand
showing a main portion of a linear notor device in the third enbodi nent of
t he predeftectayebyingansimd the loadscahl &M .arigd@ctien pressune ahiahnthe
portion of the linear notor device in the third enbodi nent of the present

i nvent i pdunge3 M hastganersbed, the |inear notor device ~9 includes the
drive section frame 81; the novabl e nenber 83 disposed reciprocatably (in a
manner novabl Bpeoweenp tgfciare@f Sheelrjertimn Sdepsi deded bhig Ried séartan
perpendicul ar to the paper) in the drive section frame 81; two guide,

devi ces 185 thespusblin@tsiash dnellongrprengsscdeanst A B At nadnmsert8gnand
the drive section frane 81 and adapted to slidably support _and guide the
novabl e PegdpENSes; dvabl teg | PRASHSSs tBerehlii @ﬁngmf@% dielfelig OreRBHYs,

di sposed on the top wall 91 and_the bottomwall 92, respectively, of the
drive sédrpyshf paegaBiommf Adigplénead MR ey ifBviaB e ﬁ%n%@rs gdmeanghehe
magnets 87, _which serve as secondary el epents, disposed on the upper and

| oner s@WEA&EEE GIrQCRES NIRRT SeRRATRS e llingprescurerdetectrd epries goadi ng
coil nmenbers 86. Notably, the output shaft 63 is formed at the front end
(in FIGecedl &2 end rapsegndheot 1n¢rr mREdT daiEifseBE0 PRErateyE0saét fon
frame 81 includes ihe top wal l %1, t he bgtton1%ﬁll 92, the side walls 93
and 94, CRRETYhidWeldiRGIREESFRTHhIVNARY theaPlupgers M T8RNEFALER- devi ces 85

el % 3 Bttt Al e T o 5 U, e e antle pastom
bot tom VEPELBY PSS 1 nah S en G LG 00 HETRARD §b Ko CPANPECES ¥ and T8t a
Phe' | onGraarRgsn IR o B0 RS, A6REVAERD G B Hatle Bl Giks DLEMA4Rd "
the Corrﬂéi gnﬁﬂé%%pégé Sai%%Béach other. Also, the plunger 44 and the screw U5
are disposed in such a manner as to at least partially overlap each
other in the axial direction. Therefore, the axial size of the
injection apparatus 43 can be reduced. Further, the stroke of the
plunger U4 between the retreat limit and the advancement limit can be

increased accordingly.

Also, in the injection step, the linear motor device 49, when



3 51n order to absorb thermal expansion of the bottomwall 92,

t her mal - expansi on absorption neans 145 is di sposed between at | east one of
the side walls 93 and 94 and the guide device 85, in the present enbodi nent
between the side wall 93 and the guide device 85. The thernal - expansi on
absorption nmeans 145 includes a bolt, hll di sposed in such a manner as to
extend through the side wall 93 perpendicularly to the rail 113 and
screwengaged with the block 114, and a spring spl1l, which serves as force
application neans, disposed in a _gap between _the side wall 93 and the bl ock
114 i n Sheraiefanan abireckly radvancaetbel PlynBeand it S wpHarpiriens ot o
the block 114. In this case, the guide devices 85 are di sposed between the
bot t om WAlECHRNENaS tdh e aSEs telmfpa@@g@n’ i eandvasidyaneed el thaub theoieed he
need to di spose the guide devices between the top wall 91 and the upper

sur f acetof comeerpvatiagynbabeen 83y liimeasbpoticiplbyr yisegohor®y Ing—ddirep6semg

t he novabl e nenber 83. Al so, since_there is no need to dispose the guide
devi cescoeyeRsa®ent HeandEURkl &S A hadd serevupsBerehlt raceentinghecawnance aenber
83, the size of the novable nenber 83 in the height direction can be

r educeden@egia rassul t Theref @igye the ehbiciansar ofpthe deiectdéon appanaheshid ght
direction can be reduced. In the present enbodi nent, the guide devices 85
are di speReef lgahapestit he drive section frame 81 and the | ower surface of

t he novabl e nenber 83. However, the guide devices 85 may be di sposed

bet ween the dFuvéhesst sdncer 4he glungert Hé appethsuscree B ene @bspesed
menber 83. I n the above-described enbodi nents, in the injection step, the
speed ofindependentidy tofe eprhrefdier44thigrindasticizing. capahd 1ptyirafetthe prangw 453 6
must be controlled on the basis of the position~of the plunger 44, which
serves &8hahei Bpéected hpabdy . ampubndersadently v ddecdubebiditpuefhthe
enbodi nent of the present invention that includes a _position sensor, which
serves 23uagpssit onhaeebEt swEL Heiskle metmr it afigbid itthie cposbei 8ACHFed he

pl unger 44. Structural features simlar to those of the first enbodi ment
are den6tiBaebPO¥bhgshl TasrtdioBnEenHaReel Jeanfd SueBuATantbalds §arski 68 PREr eof
is omtted, FIG 10 is a |ongitudinal section of a |inear notor device in

t he foueiBleyasbdinrebiclolashngs pisgdied; rAnshhesee the SRPR ROSIEL0R FFEIEFHN

sensor 105, which serves as a position
of the plunger 44 is enhanced.

In the metering step, the plunger 44 can be retreated without
the need to be rotated; therefore, the back-pressure detection accuracy
of the load cell 62 can be enhanced. Also, advancement of the plunger
L4 in the injection step and imposition of back pressure on the plunger
44 in the dwelling step do not require conversion of rotary motion to
linear motion, thereby reliably preventing imposition of rotational
force on the load cell 62, which is disposed between the linear motor
device 49 and the plunger L4, Further, transmission of tension arising
in a rotation transmission system such as a timing belt to a ball screw
shaft or the like is not involved, whereby the load cell 62 is
prevented from detecting tension. Since the moving-direction conversion

means, the rotation transmission system, and the like are not required,



detecting device, for detecting the position of the plunger 44, which
serves as an injection nenber, is disposed in the drive section franme 81.
The position sensor 105 includes a stationary el enment 106, which serves as
a first stationary el enent, and a novable el ement 107, which serves as a
second stationary element. The statignary element 106 is nounted on the

i nner surface of the side wall 93. The novable el enent 107 is nounted on
the rail 113 at a predeterm ned position in such a manner as to correspond
to the stationary elenent 106. The stationary elenegt 106 has a ] en Rh

cor r espontdf n§ UIP 8 heC st COMP IRENke NAFVEDI Eakkhfer '8 i%cﬂﬁﬁdk%g y-
bet ween the hlocks 114 in such a mann as to extend in parallel with the
rai | 113‘!51%19% %vﬁn@ené%ewl%%g&s,tfe%@dﬁmgm@ o e p2d (7 1o 785
along th stationar% el epent 106. On the basis of the_anpunt of novenent of
t he novaldife M PwEnENEsT Pab abhe 1R 1fe POrAiPrBnady aleneMien dienbays are
position of the novable nenber 83 is detected, whereby the position of the
pl unger H&PPsedAredhedsane axisTrdefdieséran 1 Pengding neiiadn, AN hBeside @) |
93 via bolts b21 and on the side wall 9~ via bolts b22, Next, a fifth
embodi mAIPSRERh Pl Es 8RE PrAMERtROnt Tan [afEeCHbg debeatics e Par Berirgedr es
simlar to those of the first enbodi nent are denoted by conmon reference
nuner al £V A8 teasuRB8aAtOescription thereof is onmitted. FIG 11 is a

| ongi tudi nal section of a |inear notor device in the fifth enbodi nent of
the present irheFEIORe, | Rhe| &pad 1cekleftn SRdle ARGREE al N 296t HIhRIES ST FUBFar
connection _partion attached to the front wall 95. The heating cyljnder ~7,
whi ch seWeds 188 Brepsure @ff hAghr aRiMRGY, MeereRedarkairssREES 1 ol RIfE PNt
wal | 95 via the connection portion 216. A cutou% 217 is formed on the
connect iR3iESpErei dodeckking PresfierfAhes HRGHEPeH. cantyediedon sensor 235,
whi ch serves is a position-detecting device, .is disposed ig the cutout 217.
The position sBn&Be BSELIRG ﬁ@@E’aS%QQﬁih@ﬁap}u%$%ﬁm§h apgs LGNS RIEYs &1 85 Cas
a first stationary. el egqent, and a novable el ement 237, which seryes as a
second %%Ppﬁﬁ%r%3&9p§ ?ﬁterﬁg %@%ﬁiq5ﬁ§Fy Qﬂagﬁﬂh§s%ﬂﬂ6Ofsr?ﬁﬁﬁ498d¥E9Wt
outer surface of .the connection ggrtion 216 at the predeterm ned %o%Ltion.
The nmovaf@lelheft CPEFatd ORphiRt B oRCTRE t‘ﬁo‘?ﬁs trgRIgE & rotation

D S0St T L0S0.RORLL L Shckd, SR TRSLaRA S 60 HERROIT A getheal Ao
2161 n (4% o TS GLABEET O of [PRESHEPLERS S LOBRTS (HRCERED ity POURRy
Gescr Do B heshgg! ot U R85 LU0 2 ASETERLCAES (11 Sl 2
St a0 oot TRk 900 Lo TouaPLa cLernl 107y andobhel BEnver s xaane
af or omertd GRAACET| g < Pufeltinen dPsEOhee e het Rardry L rRbBR 04 he
movabl e ol emept (R0t AR DL MEIRGS ol DO LAPALLANG B IBhE ot
motor device 49 is small; however, by means of reducing the diameter of
the plunger 44, injection pressure can be increased. Further, since
there is no need to form a flight, a groove, or the like on the plunger
44, the durability of the plunger 44 can be enhanced.
Since injection pressure can be sufficiently increased, there is

no need to increase the capacity of the linear motor. Therefore, the

size of the injection apparatus 43 can be reduced.



Al so, since the position sensor 105 is disposed within the drive section
frame 81, the position sensor 105 encounters difficulty in nmaintenance and
managenent. Further, the position sensor 105 to be disposed within the
drive section frame 81 requires a space for disposition thereof within the
drive section frame 81, resulting inzan increase in the size of the linear
notor device ~9. In the above-described fifth enbodi ment, the connection
portion 216 is forned adjacently to the heating cylinder ~7. Thus, the

tati I t 236 b I 37 d t nb d
and contract fder e RS Db RS g Bns s@%is“qrﬁ%m nATE (Rralesd Ih
heat di t d th th
detect ) GATBLLST Highote erhg%ﬁﬁ'g?%lalﬁiéﬂﬁ?g@cwn BRolteldlE Wi 1T be descri bed

i Xt h enbodi t bl f h
Getetion acetaRyhoten TRobEE st it r}'@%%s@aﬁi‘neﬁsﬁmﬁ?%? 5 ”c%auﬁt,eaaﬁce
and nanhagenent,..and al.l.ow n uction in gg size of the Ilnear
Govi co TOEMBER (LT (s CHSHPRPG DMk (thE: PTG AbaoMer SWE a9eReand {EiEht ahdnd
fifth i ts d t ed
e TS el S el SRR Roh 85 SRS DAL ot o1
of a lingar nptor. devic |n tqag iéh.enbodingﬁ; of the present invention;
and FI G! le‘J?an%tWarﬂ §ePy ctS 6R™B+1G318%t i near notor device in the

FEE%E?E?‘?EQQ%@%EE SRR :d*?gsder:fﬁfiﬁﬂ *??%E’%?%f iémo e
i B R AP
R R e B S AL
o vab) e%nﬁay% 3007 9@}%&?@@ G, ey AR Sy g E%@i%@ﬁés,

di d | and b | , f h
d?ZS’Z:iér& Bt 5 aPe 1%&2*1 i %é’%é&%?ﬂ"p?%eglegoéﬁlﬁeﬁﬁﬁ%ﬁ%e ot htsae
t , t
ooer and Poudhug el $AIA°bhcads 2atar a%%a hE B pE SF ofhe Briengnt

g(r)urjrteﬁg 8QE§COI fnrﬁnggeé %16 su-g eagrﬁje{nner X! ossi%%lilﬂgl#odr 3 %hglsp%smgll?’
the movable portion 13 and to reduce the size of the linear motor
device 49. Structural features similar to those of the first
embodiment are denoted by common reference numerals, and redundant
description thereof is omitted.

FIG. 3 is a longitudinal section showing a main portion of a
linear motor device in the second embodiment of the present invention;
FIG. 4 is a first transverse cross section showing a main portion of the
linear motor device in the second embodiment of the present invention;
FIG. 5 is an enlarged view showing a main portion of the linear motor
device in the second embodiment of the present invention; FIG. 6 is a

plan view of the linear motor device in the second embodiment of the

present invention; and FIG. 7 is a second transverse cross section



The rails 113 are disposed on the right and |left side surfaces of the
novabl e nmenber 83 in such a manner as to extend |longitudinally. The bl ocks
114 are nmounted on the drive section frane 81 in the foll owi ng manner: the
bl ocks 114 are disposed on the inner surfaces of the side walls 93 and 94
in such a manner as to correspond to,the rails 113 and 4 0 at a plurality
of positions, at two positions in the present enbodi nent, along the

| ongi tudi nal direction of the novable nenber 83. The bl ocks 114 hold the
corresponding rails 113. Unillustrated balls roll on rolling surfaces
formed LERQWEERS thend b | BONABOMRL t Hee chiRredponarey Beveke 1n4ThroeaePPd t he
bl ocks 114 are nmounted on the side wall 93 via bolts b23 and on the side
wal | 94 spbgdpaents af2ahe \rgRaRE |8veBtie operation of the linear notor
device 49 inval ves supply of phase current to the coils 13~, .the coils 13~
gener at e heat ,IiwHi 1% .cduses Ty heefaress amgnera bt Wenadgsaid 1B6EEENIREPT s
91 and 92. In order to absorb thermal expansion of the tog and bottomwal | s
91 and 9EViser fagsadpmtinghard rafreating fidic ®lapger dit-i odhaedireammetor

di sposed_in such a manner as to surround the corresponding bolts b23 and to
apply préevies 49 inpluslascle trivepserdderat reggsBlioné apvehéesmaabasl BS 93
and 94 and the guide devices 85, in the present enbodi ment_ between the side
wal | 93 sigroupdedylvdehelelnive ssess:ion . Bramenh 81 virsh di prossdd seqdnmoce8alakiy (the

bl ocks 114. Wen the top wall 91 and the bottomwal|l 92 expand as a result
f r om opet dtangieromoyRelE| heakherot ghtd@ndcdedd, direckior imhli.03)ada Sheare
di spl aced outward. However, an inpelling force of the _springs sp2l presses
t he bl ockyivel sechiandlrare vagud deeddeices, Sonddsepset neeBierik Lher grive
sufficiently retain the corresponding rails 113. Wen the coils 134 stop
gener at iSR§tAeat Freanes 8] eangd tthef right rndedelthstlde evflaces49reipeppivRLH-uRAI ng,
the top wall 91 and the bottomwall 92 are cool ed and contract, and thus

t he si déhgamoyab3deamembar £% agds paptadi Mver didahdue $EPPOR| ard rEatigienithg t he
corresponding rails 113, the_blocks 114 4 1 are pressed toward the side
wal | 93 MRYAiPASt MERRET bl ICORY PERRRIHIBhehish| SRIYVEs 881 DT LRADY dRlemestaj ust
the position of the novable_nenber 83 in the height direction, the support
bl ocks TUFPREEAIPEPRSERP HtheBh b %M@Boﬂﬂﬂqgg%l FERBET AVeHE Ofe tHBt t om
wal | 92, thereby supporting. the correspondi ng bl ocks 114. Al so, the

adj ust meHH VI SekElaug rame f sk sdapéereeh MAVE EBR re iﬁﬁm‘a%@ﬂli 204 and
the top wall 9 and adjustnent bolts b25_are di sposed i.n such a manner, as
to ext eMPENREBUGh HRECE GEF¥S psh FRAGNERTYUSLARIR S| Stsosedgon ﬁ;"en’éﬁﬁ’%r Gnd
changi ng the size of the swggort bloiks 147 in he,heiggt di.rection ggd
changin§QWﬁFp%EF??8ﬁ%ﬁ°ﬁh $ ot BAPRIP PO Adf BsPRERS Lol A% B25the

A T A R e M AL R

the nDV%R!%hgeggggthnén(%ﬁ“%fag.ggtagérgftéé”%he left end) of the movable
member 83. The output shaft 63 is connected to the aforementioned
plunger 44,

The guide devices 85 includes rails 113 and blocks 114. The
rails 113 are disposed on the right and left side surfaces of the
movable member 83 in such a manner as to extend longitudinally. The
blocks 114 are mounted on the drive section frame 81 in the following

manner: the blocks 114 are disposed on the inner surfaces of the side

walls 93 and 94 in such a manner as to correspond to the rails 113 and



Meanwhi |l e, for exanple, in the injection step, the plunger speed nust be
controlled on the basis of the position of the plunger 44, which serves as
an injection nmenber. In order to detect the position of the novabl e nenber
83, a position sensor 205, which serves as a position-detecting device,
protrudes fromand is di sposed outsi & the drive section frame 81. Thus, a
slit 204, which serves as a cutout portion, is forned in the side wall 93
of the drive section franme 81 at a height substantially equal to that of

t he novabl e menber 83 and has a length equal to the sumof the stroke of

t he pl uddera 4@loraihé ynwfaldes hehbes, 8ataridia poedbieonsi ned tlw giresant
bracket 208 that assumes a shape resenbling the letter "L" is nounted on

t he rai lembedimgnt,e along2tlextlongihgd inalodghettiors loift tRE-movEbeebnemicat 8308

i ncludes a protrusion portion pl and a novabl e-el enent nount portion p2.
The pr otThesboock®ritlilomopd the faoredspond irar hed 1801t Be rkilllusBrawed padtsudes
fromthe drive section frane 81 through the slit 20~. The novabl e- el enent
mount pardliloromp2reki éngds sperfperd didzned bedwean ehe afaitle prdtandi dhe
portion pl along the drive section frane 81 and in parallel with the side
wal | 93.cofhespmsliingonladssdt4205 i ncl udes a stationary el enent 206, which
serves as a first detection elenent, and a novabl e el enent 207, which
serves as a s@tendodét metnbenseBentmt luddecatet i Idtamowitedtenn 206 tepneudt ed
on the outer surface of the side wall 93 of the drive section frame 81 and
assunes tathbockal 1k s lande 92Theesmactiilve 1yl enfnthe@irive seohied framehél,
bracket 208 at a predeterm ned position in such a manner as to correspond
to the sndtcohksy 3 gnend @DEhandorrespopding rantdsi k8o shdme: eXamplmyabee

el ement 207 has a length corresponding to the stroke of the plunger ~~ or

t he novalhlasenewbeantds odnde bxtantdphakeng whiehdeireegerendted byameardsl cdndni n
parallel wth the side wall 93. As the novabl e nenber 83 noves, the novabl e
el enent WA7lusvededelinventelry ace thippdied itondhy edErenB720the Goil heenberss of
t he ambunt of novenment of the novable el ement 207 relative to the

st at i ondiby geherahet mageetichd lpysi tThen thiistdamersvab iragmenberf 18% linkketwdthed,
wher eby the position of the plunger 4~ is detected. In the present

enbodi mére, negaehdvAbl e A8 @mnesu20y hagrrtingidy estrhaetiveatnd nepwdsives
via the bracket 208 and the rail 113. However, the novable element 207 may
be attadleegescare geseratedpativaeni thd eode dmembanse Shoead| denreateesBRIding
assunes a 4 3rfredeternined shape. In the present enbodi nent, the

posi t i ormageatdr8T205Thedihugegenarated attanatjve cadeneDEGE Ve hEQrcess genarage

bl ock-1i ke shape, and the novable el ement 207 that assumes a rod-|ike
shape. RoW\i¥E, foRee porsitheomageassr Shay Feryinde a8 mothbust eferasmtforhihe
assunes a bl ock-1ike shape, and a stationary elenent that assunes a

rod- | | k&ICYREPE. MeEbere &3 fhe Shuveseneratessirive uieeocapsss pklig mayadler om

and .
member 83 to move linearly.

Thus, the guide devices 85 are disposed between the side walls
93 and 94 and the respective right and left side surfaces of the
movable member 83 without the need to dispose the guide devices between
the top wall 91 and the upper surface of the movable member 83 and
between the bottom wall 92 and the lower surface of the movable member
83, thereby simplifying work for disposing the movable member 83 and
reducing the size of the movable member 83 in the height direction. As

a result, the size of the linear motor device 49 in the height



i s disposed outside the drive section frame 81, thereby being free fromthe
follow ng problem not only do the stationary el enent 206, the novabl e

el enent 207, and ot her nenbers expand and contract under the influence of
heat generated fromthe |inear notor device 49 in operation, but also

| ubricating oil applied or supplied o) the aforenmentioned rolling surfaces
adheres to the stationary el enent 206,” the novabl e el enent 207, and ot her
menbers. Therefore, the detection accuracy of the position sensor 205 can
be enhanced. Al so, since the position sensor 205 protrudes fromand is

di sposedliostcdiide che tei vedseedi oM isgmsidte tberenly mamemd ritceddspesand
managenent of the position sensor 205 be facilitated, but also there is no
need to nEgneitdeon Spacespechive trighdr ané befdt isadef santac®E DOr thestaiabaei on
of the position sensor 205, so that the size of the linear notor device ~9
can be rmehioed. 8Nexandatbeventls eshodiedertto afitguwseresehtmémvensi on bhel be
described. Structural features simlar to those of the first enbodi nent are
denot ed tegppeotinm Sidkewahice Buard s, thadsizedofidar ldessr inmtioondehieredd is
omtted. 4 4 FIG 14 is a front view of an injection apparatus according
t o the sievéhehwiitthodinesttionf camhéepreder®d fuvimri.on. The injection apparatus
~3 includes a heating cylinder 3~7, which serves as a cylinder nenber; an

i njection nozAwthedd disposedla radid <f rddt aerd dispeskdf bnetitiei reBbEctive of
the heating cylinder 3~~; the plunger ~4, which serves as an injection
menber, rdightosrd &t mrideasabfacds wfathanmaablevabheer 83,handi g -tdiodkkef t
direction in FIG 1~) in the heating cylinder 3~7; the |inear notor device
~9, whi dH isereedispesedj@ctthenrebpectiveaide walklsadlaard B¢, atite sérze et ithg t he
pl unger ~~; a screw 3~5, which serves as a netering nmenber and as a

pl ast i cixivayleendmher 83sposte heighe digattngn odn baerediced;orat abtesudmgl
reci procatably while surrounding the plunger ~~; and a notor 359, which
serves dhenstieei of) thd énpeansotdroderocatihgn ibeshebsht3-d5redhson can be

i nj ection-apparatus-noving nmechani sm 52 noves the injection apparatus ~3
toward amdlua@dy from an unillustrated stationary platen. Wien the injection
appar atus ~3 advances (noves leftward in FIG 1~), nozzle touch can be
performed. Theéimest thg wglightierl Fire impsiabdes mambedy8drecdrerbe3deducedateeal
menber 362 disposed ahead (in FIG 14 leftward) of the body nmenmber 361. A
resi n sulggrgepepnrespand g spnedredict en BodhersiBer oBgheanowablex mampgr 83
predeterm ned position. A hopper 36~ is attached to the resin supply port
363. Thelschlesy Bidthssndedied ghibud Breshhpessoaasetleraliiom tdreplengeiorsd to
extend therethrough. A spiral flight is formed on the outer surface of the
screw 3-diaraaterisgiesvel ithef dinpsdr mpen derécd |149ghen bEhenbamread.3~5 i ncl udes
an unillustrated changeover notor, which serves as injection-netering
changeover driliethefifse Phethe pBIngRENEERY dnjestden apraraspsr 43 ed1G. 1),
selectively noves the screw 3~5 to an injection position in which the front
end of tHhe seren subindardli Aust demtdaporrthabare itheerl 198aT et @t dedcseal
menber 362 or_a netering, position in which the front end of the screw 345
is | ocatst a pcretErer Hbte dPEt bhe el B0RYT f ReRPY heeV haer Y8uiRatBeoheightseal
menber 362. Notably, the plunger ~~ and the screw 345 are di sposed on the
sane axiGIEATaoR LR Ransiucad, tidead 1neats MORRR [Geiies 4 eanabe agaAlsl Weedi n

the axial direction. The notor 359 is di sposed between a front ﬁupport
pl ate 366 4rdve means for use in the plunger-type injectlon apparatus 43.

Meanwhile, since operation of the linear motor device 49
involves supply of phase current to the coils 137, the coils 137
generate heat, which causes thermal expansion of the top and bottom
walls 91 and 92. In order to absorb thermal expansion of the top and

bottom walls 91 and 92, thermal-expansion absorption means 145 is



a rear support plate 36~ and includes an unillustrated stator and rotor.
The front end of an output shaft of the notor 359 and the rear end (in FIG
14 the right end) of the screw 345 are coupled via a rotationcoupling
menber 3~1. Rotation generated through operation of the notor 359 is
transmtted to the rotation-couplinqz@enber 3~1. The plunger 44 extends
rearward (rightward in FIG 14) through the screw 345 and the
rotation-coupling nenber 3~1 and is connected to the output shaft 63 of the
| inear notor device 49 via the adapter 61, the load cell 62, and the

nmovabl e diEpegedbetihen |ajadesst o ofetheside wapre93uard dBt entdi the @gaidee
for detecting injection pressure, dwelling pressure, and back pressure to
be genedgvédeb§5i Hen Itheepresattoemtiedinentd detWhennthatdidephald &3 adr ¢hs as
a novabl e support menber. The screw 345, the plunger 44, the adapter 61,

t he | oaguéée|deszcet fb. olheuthermdlt-e8pgansing ehsorphiabl reqwy t1U6NiNGlYdEEG 2)
are di sposed on the sane axis. In a netering step, the thus-configured

i nj ecti delapphrdispesepeimseshia mahoef cis dwi rytemhiarougktide sgdereddss3
means of an 4 6 unillustrated control section perforns a netering process
and caupespendicchaay34s the maid 1 b3térd metrewi-apgagesi tiich the culgitkopéHati on
of the changeover notor. Subsequently, the netering process neans causes

t he scr end3a3pringosns evhtikhosetvespesafomne appliwationone®%y. dihpssed dsi a
which is supplied into the heating cylinder 34~ fromthe hopper 364 through
t he resigapsbpprserpdihe 863eiwalleOBednd Tile ddotknl t&sim sushcausathdro asdtance
al ong the groove on the screw 345 and is then supplied into the screw 345

t hr ough sairgapndetilheebotlite bilnaad $or fapéyobrenéosdatonthbebl@6R hhd.t hén
front end of the screw 345. As a result, the pressure of the resin causes

t he pl udgeerstionoheder ket isnfirmedghinwahd shd€l®11H3 seherselty shédabdyn is
stored ahead of the flunger 44 in the heating cylinder 345. At this tine,

t he met subpertpridieebelrddns Retasioncs symiolpbdsdenaieges ool thatt $rrvesadscel |
62 and causes the linear notor device 49 to operate so as to control back
pr essur é ikatben ingemseosnceamectlinggelie 44ide) wagh Plhjarct ithe blegk lildj.eclhon
process means of the control section perfornms an injection process, thereby
causi ng thRepBesaik mbod bnemive the therna)-weroaiposibscmptinn owgnsopdbaison
of the changeover notor and subsequently causing the plunger 44 to advance
t hr oughdapeesed dretefeannéhpi aide Wﬁg{lor%dévﬁc@'lel%lll/ﬁﬁ devésel 85. t hlowewsrn is
injected into a cavity of an unillustrated nold apparatus fromthe

i nj ect i 6ANKERE (thezagl-expanrien @hserptien inepastnalh agrocks livpaned fwtieens
speed control by neans of the linear notor device 49 and detects, by neans
of the thacikig Wasd o4 ppdcthegupdedayieewdich the plunger 44 has generated.
4 7 Upon conpl etion of the injectiaon steg, a dmellin% step starts. In the
dwel 11 ng st epfhemethg AgPpratesy msshiher bokeom grtlloP2sBhereml e erpang as
dmellin% ErocEss t hereby contrqllin ﬂmelligg pressure through operation
of the Fi RESPLFotTRm RRATEE189. Ot the)ikingare MOLRE AARIEE P pradt dgpekbang
receive%Bdweugjnﬂ pressure detected ?é Ere | oad cell 62 and causes the
linear ABTeF UelBeSRIYTES Tperarecs Fasbierksoni fofonaral e goyrRER HEBPGRI ch
the pl ugg?rwheré%gn%hgtgfgcks 114 sufficiently retain the corresponding rails

113. This is accompanied by an increase in the gap between the side
wall 93 and the blocks 114. When the coils 134 stop generating heat as
a result of the linear motor device 49 stopping running, the top wall
91 and the bottom wall 92 are cooled and contract. While retaining the
corresponding rails 113, the blocks 114 are pressed toward the side

wall 93 against the impelling force of the springs sp. This is



In this case, since the plunger ~~ and the screw 345 are di sposed on the
sane axis, the size of the injection apparatus 43 in the height direction
can be reduced. Since the plunger ~~ and the screw 345 can be accomobdat ed
wi thin the common heating cylinder 347, the nunber of heaters for heating
t he heating cylinder 347 can be redugcgd. Further, the nunber of conponent
parts of the injection apparatus 43 can be reduced. The present invention
is not [imted to the above-descri bed enbodi nents. Nunerous nodifications

and variations of. the present invention are _possihle i.n |i of the irit
ot he. BRECBRAN 4, B ROACCERRES HEy LaR chibOCeHErRIF 0 HRLL S @eUof iE he
present inventjaop. | NDUSTRI APPLI CABI LI TY The present i nvention is

appl i cabHeck® faﬁﬂol deng ﬁﬁ%‘ﬂ_trre tgﬁcﬁu éir?vilﬁjeéc& o‘ﬁ‘lq%llei‘ nUGRdiehethe 4 g
CLAI M5 n injection ar.at characterized by._co ising:, (a),.an.

T et BRoRB I G Raa E UG bhe CBRPOIRTE ER AR LT rehBteny (PHIOHIPE near
not or devi ce for ,advancing the injection er when _operated; (c) a
neterin&mﬁgﬁbéﬁcapgﬁﬁgéaerB@%F%bpt § @H@5§§$WHHE$P mber; and (d) netering

drive neans fﬁé rofating the metering nenber, 2. An in&ection agfanat S as
I

described in €F FASE, Ghh&HPATt HE NYSAELPBNOheMifeMOYARLE HECTRAT: S dInkRber

SRR AN e A MR NGt

on the %%g?eéggﬁﬁing blocks 114 and the bottom wall 92, thereby supporting the
corresponding blocks 114, Also, adjustment blocks 148 are disposed
between the corresponding blocks 114 and the top wall 97, and adjustment
bolts b3 are disposed in such a manner as to extend through the
corresponding adjustment blocks 148. By means of changing the size of
the support blocks 147 in the height direction and changing the position
of the bottom ends of the adjustment bolts b3 through rotation of the
adjustment bolts b3, the position of the blocks 114 in the height
direction can be adjusted so as to adjust the position of the movable
member 83 in the height direction.

The rails 113 are longitudinally slidable with respect to the
blocks 114, Since there is no need to dispose a magnet on each of the
right and left side surfaces of the movable member 83, the movable
member 83 can be disposed in a magnetically neutral condition.
Therefore, load to be imposed on the guide devices 85 can be reduced,
thereby enhancing durability of the guide devices 85.

Meanwhile, a plurality of ribs 101 for enhancing structural

strength and radiating heat generated from the linear motor device 49 in

operation are formed at predetermined intervals on the top wall 91 in



An injection apparatus as described in any one of clains 1 to 3, wherein:
(a) a pressure-detection device for detecting pressure of a nolding

mat eri al present ahead of the injection nenber is disposed between the

i njection nmenber and the |linear notor device; and (b) the injection nmenber,
the pressure-detection device, and thig |linear notor device are disposed on
the same axis. 5. An injection apparatus as described in any one of clains
1 to ~ wherein the |inear notor device conprises a novabl e nmenber disposed
reci procatably, a drive section frame surrounding the novabl e nenber, coi
menber s RATSRAEEIWHHT e anpllker and BRrPeRGACUREANCES tHhes peYERg ghiness ion
novabl e menber in opposition to the coil menbers, and a gui de device for
suppor t iHg thee NayERBEe meaRBEr 83. 45omblanky i r§ kUt idpp&fatrddsad OdedoFi bed
inclaimb, wherein: (a) the coil nenbers are disposed on a t?f wal | and a
bot t om v@hanciagpebruciral sytnengths ane radiatdmer heab; sarrrand tkembbtet s
are di sposed on an upper  surface and a | ower surface, respectively, ~of the
movabl e IR MOLONfgwiGR 14 DnlhpRe e biohsa BRskeTBed #h Bradaisrmhnedein
the guide device is disposed between a side surface of the novabl e nmemper
and t he dviervalectarofe Hattam wadli fcedni sarappslardéhasngeabpthes and
claim5, wherein the guide device is disposed between a | ower surface_ of

t he novdSir@erghiserlazdd tRethei peviegtdbrestiomr. o the novedde samhpparat us
as descrijbed _in claimb5, wherein the guide device is disposed between an
upper sNGt@ddVof at RAURBLARY el fad enhanaingestrettwiR Y smensto. and

i njection apparatus as described in claimb5, wherein the %uide devi ce
conpri sé@ddarang hpaipasagrated Heombhel ElasthaPteR dritieea FRanhcrrey@tian
extend in a |longitudinal direction of the novable nmenber and a bl ock

mount ed WY eA80dPEvECRERE i¥h theasddanda btk dndo Mol Paeatlg) With opg

i njection apparatuys as described in ck&in110h wherein force applicatLon
means | S$1Gi5EseadpeerRenditiel T Be koatder ReVaPre veleeetidn Gt e movable

member 83. An air flow path for cooling the linear motor device 49 can
be formed above the linear motor device U49; specifically, between the
linear motor device 49 and the metering motor 59 as well as below the
linear motor device 49; specifically, between the linear motor device
49 and the molding machine frame 41. Reference numeral 131 denotes an
air-cooling cover which is disposed in such a manner as to cover the
side wall 94 and is adapted to cool the linear motor device 49. An air
intake 133 (FIG. 1) is formed on the air-cooling cover 131, and a mesh
is disposed on the air intake 133. A mount portion 141 is formed on the
side wall 94. Two suction-type cooling fans 142 are mounted on the
mount portion 141 along the axial direction of the linear motor device
U9, Each of the cooling fans 142 is rotated through operation of an
unillustrated suction motor, which serves as cooling drive means. As
the cooling fans 142 rotate, air is taken in through the air intakes

133. Air that is taken in cools the side wall 94 and then flows through



12. An injection apparatus as described in claim5, wherein the drive
section frane conprises a protrudi ng nenber forned in such a nmanner as to
protrude outward. 13. An injection apparatus as described in claim12,

wher ei n: 50 (a) a plurality of protruding nenbers~are provi ded; and (b)
an air flow path is forned between tyg protruding nenbers. 1~ An injection
apparatus as described in claim12, wherein: (a) the drive section frane
conprises a side wall; and (b) a cooling fan for taking in air is disposed
on the side wall. 15. An injection apparatus as described in claim1l~,

wher ei nafRef t@bInatdst Aarned nfeesn e s 407 - evdl hipugbveir filpw maths

i njection apparatus as described in claim12, wherein the protruding nenber
i s di spé@éraeq? edieRn athmmier He3 tadorgt €l disepbiisc 6f aths argous mivibRgS.
direction of the novable nmenber. 17. An _injection apparatus as described in
ol ai m 56 RUA U heihidenpriag EsUASH Y (§snTabFetd] metdevsce NasADAEL e Figba
position of the novable nmenber. 18. An injection apparatus as described in
cl ai m 1707 wiied i3 erehpessumeofhaef@at iodgadelelamdisg diephsye dhatitmaisudes
drive section franme. 19. An injection apparatus as described in claim17 or
18, whePdtHarte Puhifunehigst eetreii@eeilos verprrsandaasi eeeling aempens.

el ement fixedly attached to the drive section frame and a second detection
el enent nount & dhishearfmai® haeevabbe nember o83 bn BpYed at kress 1is
described in claim 19, wherein; (%) a cutout portion is forned in the drive
secti onereEhed Qin@hendriviee Seebimy faamecdlon Hereyaht SisCedhe sdbsn BrAcket
whi ch protrudes through the cutout portion and extends along the drive

sect i on 1PBapke formesh onnfletdwiiyenserbior Hateder 81 i etk sy ivenpestiang frame

81 is not deformed. Therefore, variations in the thrust force of the
movable member 83 can be prevented, whereby the plunger 44 can be
advanced (moved leftward in FIGS. 3 and 6) stably. As a result, not
only can the quality of molded articles be improved, but also the plate
thickness of the drive section frame 81 can be reduced, whereby the
weight of the linear motor device 49 can be reduced, thereby reducing
vibrations which are induced by the linear motor device 49 in operation.
Meanwhile, when heat generated from the linear motor device 49
in operation is transmitted to the heating cylinder 47, which serves as
a first cylinder member, via the drive section frame 81, the
temperature of resin, which serves as a molding material, contained in
the heating cylinder U7 varies, resulting in an impairment in the
quality of molded articles. However, since the ribs 101 and 103 serve
as cooling members, and air that is forcibly taken in by means of the
cooling fans 142 is sent to the air flow paths to thereby cool the top
wall 91 and the bottom wall 92, heat generated from the linear motor

device 49 in operation is not transmitted to the heating cylinder 47 via



(a) rotating the netering nmenber by netering drive neans in order to 51
feed a nolding material, having been fed into a cylinder nenber, toward a
front end of a netering nmenber while nelting the nolding material, to
thereby store the nolding material in a space ahead of an injection nenber
and retract the injection nmenber by pressure of the nolding material; and
(b) advancing the injection nenber through operation of a |inear notor
device in order to inject the stored nolding material. 22. An injection

met hod described in claim?21, further co i Si.ng a) detecting, by use
of a prgéé% > et R85 P anRe 8dressﬁ‘reé”e§ r}%wetr}i’@l de el“?é‘téllrpap? fRe1n

pressure bein rans ed via the inje n menber; and_(b) coptroll.ing
back prec's%rl}taé?%h Tk?aihneétélflg tch\gllﬁlrdég ﬁ QKIS PRE KTV geraPEr 1aproving
A9, Ay.
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described. Structural features similar to those of the first and second
embodiments are denoted by common reference numerals, and redundant
description thereof is omitted.

FIG. 8 is a transverse cross section showing a main portion of a
linear motor device in the third embodiment of the present invention;
and FIG. 9 is an enlarged view showing a main portion of the linear

motor device in the third embodiment of the present invention.
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In this case, the linear motor device 49 includes the drive
section frame 81; the movable member 83 disposed reciprocatably (in a
manner movable toward the near side and the far side along the direction
perpendicular to the paper) in the drive section frame 81; two guide
devices 85 disposed between the lower surface of the movable member 83
and the drive section frame 81 and adapted to slidably support and
guide the movable member 83; two coil members 86, which serve as primary
elements, disposed on the top wall 91 and the bottom wall 92,
respectively, of the drive section frame 81 and adapted to move the
movable member 83; and the magnets 87, which serve as secondary
elements, disposed on the upper and lower surfaces of the movable
member 83 in opposition to the corresponding coil members 86. Notably,
the output shaft 63 is formed at the front end (in FIG. 8, at the left
end) of the movable member 83.

The drive section frame 81 includes the top wall 91, the bottom
wall 92, the side walls 93 and 94, and unillustrated front and rear
walls.

The guide devices 85 includes rails 113 and blocks 114, The
rails 113 are disposed on the bottom surface of the movable member 83
in such a manner as to extend longitudinally. The blocks 114 are
disposed on the upper surface of the bottom wall 92 in such a manner as
to correspond to the rails 113 and at a plurality of positions, at two
positions in the present embodiment, along the longitudinal direction of
the movable member 83. The blocks 114 hold the corresponding rails

113.
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In order to absorb thermal expansion of the bottom wall 92,
thermal-expansion absorption means 145 is disposed between at least one
of the side walls 93 and 94 and the guide device 85, in the present
embodiment between the side wall 93 and the guide device 85. The
thermal-expansion absorption means 145 includes a bolt b1l disposed in
such a manner as to extend through the side wall 93 perpendicularly to
the rail 113 and screw-engaged with the block 114, and a spring spll,
which serves as force application means, disposed in a gap between the
side wall 93 and the block 114 in such a manner as to surround the bolt
b11 and to apply pre-load to the block 114,

In this case, the guide devices 85 are disposed between the
bottom wall 92 and the lower surface of the movable member 83 without
the need to dispose the guide devices between the top wall 91 and the
upper surface of the movable member 83, thereby simplifying work for
disposing the movable member 83. Also, since there is no need to
dispose the guide devices between the top wall 91 and the upper surface
of the movable member 83, the size of the movable member 83 in the
height direction can be reduced; as a result, the size of the linear
motor device 49 in the height direction can be reduced.

In the present embodiment, the guide devices 85 are disposed
between the drive section frame 81 and the lower surface of the movable
member 83. However, the guide devices 85 may be disposed between the
drive section frame 81 and the upper surface of the movable member 83.

In the above-described embodiments, in the injection step, the

speed of advancing the plunger 44 (FIG. 1); i.e., the plunger speed,



&&&&! () W*gHC 10" oY(#1" &$10%H&' () -

I QL$L10%EHQHE' () -! " L$10%HE' () - L$10%&R' () - MLO%H&' () - 10'o

10" o**+"  #,$,% "' ,i-rS4 109: $10%&' ()- 10% & ()- 10HH 10HH

10HH B. MB10%H& () - 3. MP109%& () - ! 0" &$109%OHOH& ()- i-5.p. M/00_1zX9r S4

109@: $10%& ()-!L& $109&" &" & ()-!0& $10% " & ()-& $10%&' ()-!i9: $10%C'C' &' () -

19:$10% " & ()-_111111u234uSl

11 9$109HHE () - ! &9$109HHE () - 9$10%&' () -y 10%H& () -
must be controlled on the basis of the position-of the plunger 44, which
serves as an injection member. Thus, next will be described a fourth
embodiment of the present invention that includes a position sensor,
which serves as a position-detecting device, for detecting the position
of the plunger LU, Structural features similar to those of the first
embodiment are denoted by common reference numerals, and redundant
description thereof is omitted.

FIG. 10 is a longitudinal section of a linear motor device in
the fourth embodiment of the present invention.

In this case, a position sensor 105, which serves as a position-
detecting device, for detecting the position of the plunger 44, which
serves as an injection member, is disposed in the drive section frame
81. The position sensor 105 includes a stationary element 106, which
serves as a first stationary element, and a movable element 107, which
serves as a second stationary element. The stationary element 106 is
mounted on the inner surface of the side wall 93. The movable element
107 is mounted on the rail 113 at a predetermined position in such a
manner as to correspond to the stationary element 106. The stationary
element 106 has a length corresponding to the stroke of the movable
member 83 and is disposed between the blocks 114 in such a manner as to
extend in parallel with the rail 113. As the movable member 83 moves,
the movable element 107 moves along the stationary element 106. On the
basis of the amount of movement of the movable element 107 relative to

the stationary element 106, the position of the movable member 83 is

detected, whereby the position of the plunger 44 is detected.
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on the side wall 94 via bolts b22.

Next, a fifth embodiment of the present invention will be
described. Structural features similar to those of the first embodiment
are denoted by common reference numerals, and redundant description
thereof is omitted.

FIG. 11 is a longitudinal section of a linear motor device in
the fifth embodiment of the present invention.

In FIG. 11, reference numeral 216 denotes a tubular connection
portion attached to the front wall 95. The heating cylinder 47, which
serves as a first cylinder member, is fixedly attached to the front wall
95 via the connection portion 216. A cutout 217 is formed on the
connection portion 216 at a predetermined position. A position sensor
235, which serves as a position-detecting device, is disposed in the
cutout 217. The position sensor 235 includes a stationary element 236,
which serves as a first stationary element, and a movable element 237,
which serves as a second stationary element. The stationary element 236
is mounted on the outer surface of the connection portion 216 at the
predetermined position. The movable element 237 is mounted on the
output shaft 63 at a predetermined position in such a manner as to
correspond to the stationary element 236. The stationary element 236
has a length corresponding to the stroke of the movable member 83 and
extends along the connection portion 216 in the axial direction of the
output shaft 63.

In the previously described fourth embodiment, the position
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BCchrﬁxéensor 105 (FIG. 10) is disposed within the drive section frame 81.
Thus, not only do the stationary element 106, the movable element 107,
and other members expand and contract under the influence of heat
generated from the linear motor device 49 in operation, but also
lubricating oil applied or supplied to the aforementioned rolling
surfaces adheres to the stationary element 106, the movable element
107, and other members, thereby impairing the detection accuracy of the
position sensor 105.

Also, since the position sensor 105 is disposed within the drive
section frame 81, the position sensor 105 encounters difficulty in
maintenance and management. Further, the position sensor 105 to be
disposed within the drive section frame 81 requires a space for
disposition thereof within the drive section frame 81, resulting in an
increase in the size of the linear motor device 49.

In the above-described fifth embodiment, the connection portion
216 is formed adjacently to the heating cylinder U47. Thus, the
stationary element 236, the movable element 237, and other members
expand and contract under the influence of heat generated from
unillustrated heaters disposed on the heating cylinder 47, thereby
impairing the detection accuracy of the position sensor 235.

Thus, next will be described a sixth embodiment of the present
invention capable of enhancing the detection accuracy of a position-
detecting device, facilitating maintenance and management, and allowing

a reduction in the size of the linear motor device 49. Structural

features similar to those of the first, fourth, and fifth embodiments
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are denoted by common reference numerals, and redundant description
thereof is omitted.

FIG. 12 is a longitudinal section of a linear motor device in
the sixth embodiment of the present invention; and FIG. 13 is a
transverse cross section of the linear motor device in the sixth
embodiment of the present invention.

In FIGS. 12 and 13, reference numeral U9 denotes a linear motor
device. The linear motor device 49 includes the movable member 83
disposed reciprocatably (in a manner movable in the right-and-left
direction in FIG. 12); the drive section frame 81 surrounding the
movable member 83; the guide devices 85 disposed between the drive
section frame 81 and the respective right and left side surfaces of the
movable member 83 and adapted to slidably support and guide the movable
member 83; the coil members 86, which serve as primary elements,
disposed on the top wall 91 and the bottom wall 92, respectively, of the
drive section frame 81 and adapted to reciprocate the movable member
83; and the magnets 17, which serve as secondary elements, disposed on
the upper and lower surfaces of the movable member 83 in opposition to
the corresponding coil members 86.

The guide devices 85 includes the rails 113 and the blocks 114.
The rails 113 are disposed on the right and left side surfaces of the
movable member 83 in such a manner as to extend longitudinally. The
blocks 114 are mounted on the drive section frame 81 in the following
manner: the blocks 114 are disposed on the inner surfaces of the side

walls 93 and 94 in such a manner as to correspond to the rails 113 and
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at a plurality of positions, at two positions in the present
embodiment, along the longitudinal direction of the movable member 83.
The blocks 114 hold the corresponding rails 113. Unillustrated balls
roll on rolling surfaces formed between the rails 113 and the
corresponding blocks 114, Notably, the blocks 114 are mounted on the
side wall 93 via bolts b23 and on the side wall 94 via bolts b2i.

Meanwhile, since operation of the linear motor device 49
involves supply of phase current to the coils 137, the coils 137
generate heat, which causes thermal expansion of the top and bottom
walls 91 and 92. In order to absorb thermal expansion of the top and
bottom walls 91 and 92, springs sp2l, which serve as force application
means, are disposed in such a manner as to surround the corresponding
bolts b23 and to apply pre-load to the block 114, between at least one
of the side walls 93 and 94 and the guide devices 85, in the present
embodiment between the side wall 93 and the guide devices 85; i.e.,
between the side wall 93 and the blocks 114.

When the top wall 91 and the bottom wall 92 expand as a result
from operation of the linear motor device 49, the side walls 93 and 94
are displaced outward. However, an impelling force of the springs sp?i
presses the blocks 114 toward the movable member 83, whereby the blocks
114 sufficiently retain the corresponding rails 113. When the coils 134
stop generating heat as a result of the linear motor device 49 stopping
running, the top wall 91 and the bottom wall 92 are cooled and
contract, and thus the side walls 93 and 94 are displaced inward.

However, while retaining the corresponding rails 113, the blocks 114
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are pressed toward the side wall 93 against the impelling force of the
springs spZ2l.

In order to adjust the position of the movable member 83 in the
height direction, the support blocks 147 are disposed between the
corresponding blocks 114 and the bottom wall 92, thereby supporting the
corresponding blocks 114. Also, the adjustment blocks 148 are disposed
between the corresponding blocks 114 and the top wall 91, and adjustment
bolts b25 are disposed in such a manner as to extend through the
corresponding adjustment blocks 148. By means of changing the size of
the support blocks 147 in the height direction and changing the
position of the bottom ends of the adjustment bolts b25 through
rotation of the adjustment bolts b25, the position of the blocks 114 in
the height direction can be adjusted so as to adjust the position of
the movable member 83 in the height direction.

Meanwhile, for example, in the injection step, the plunger speed
must be controlled on the basis of the position of the plunger Ui,
which serves as an injection member. In order to detect the position of
the movable member 83, a position sensor 205, which serves as a
position-detecting device, protrudes from and is disposed outside the
drive section frame 81. Thus, a slit 204, which serves as a cutout
portion, is formed in the side wall 93 of the drive section frame 81 at
a height substantially equal to that of the movable member 83 and has a
length equal to the sum of the stroke of the plunger 44 or the movable
member 83 and a predetermined margin. A bracket 208 that assumes a

shape resembling the letter "L" is mounted on the rail 113 while
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extending through the slit 204. The bracket 208 includes a protrusion
portion pl and a movable-element mount portion p2. The protrusion
portion pl is fixedly attached to the rail 113 and protrudes from the
drive section frame 81 through the slit 204. The movable-element mount
portion p2 extends perpendicularly from an end of the protrusion
portion pl along the drive section frame 81 and in parallel with the
side wall 93.

The position sensor 205 includes a stationary element 206, which
serves as a first detection element, and a movable element 207, which
serves as a second detection element. The stationary element 206 is
mounted on the outer surface of the side wall 93 of the drive section
frame 81 and assumes a block-like shape. The movable element 207 is
mounted on the bracket 208 at a predetermined position in such a manner
as to correspond to the stationary element 206 and assumes a rod-like
shape. The movable element 207 has a length corresponding to the
stroke of the plunger 44 or the movable member 83 and extends along the
drive section frame 81 and in parallel with the side wall 93. As the
movable member 83 moves, the movable element 207 moves relatively to
the stationary element 206. On the basis of the amount of movement of
the movable element 207 relative to the stationary element 206, the
position of the movable member 83 is detected, whereby the position of
the plunger 44 is detected. In the present embodiment, the movable
element 207 is attached to the movable member 83 via the bracket 208 and

the rail 113. However, the movable element 207 may be attached to a

protrusion that is formed on the movable member 83 and assumes a
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In the present embodiment, the position sensor 205 includes the
stationary element 206 that assumes a block-like shape, and the movable
element 207 that assumes a rod-like shape. However, the position sensor
may include a movable element that assumes a block-like shape, and a
stationary element that assumes a rod-like shape.

As described above, the position sensor 205 protrudes from and
is disposed outside the drive section frame 81, thereby being free from
the following problem: not only do the stationary element 206, the
movable element 207, and other members expand and contract under the
influence of heat generated from the linear motor device 49 in
operation, but also lubricating oil applied or supplied to the
aforementioned rolling surfaces adheres to the stationary element 206,
the movable element 207, and other members. Therefore, the detection
accuracy of the position sensor 205 can be enhanced.

Also, since the position sensor 205 protrudes from and is
disposed outside the drive section frame 81, not only can maintenance
and management of the position sensor 205 be facilitated, but also there
is no need to provide a space within the drive section frame 81 for
installation of the position sensor 205, so that the size of the linear
motor device 49 can be reduced.

Next, a seventh embodiment of the present invention will be
described. Structural features similar to those of the first embodiment

are denoted by common reference numerals, and redundant description

thereof is omitted.



100\ 10\\

10\\ ! N&* 9$10% \ & () - & 9$109& ()-! Mp10% \t\ & ()-23459G- _=0"!VMB10% \j\ & () -
MBLO9& ()-!| MB10%\ & ()- MBLOY%& ()- Z10% & ()- 10H 10H

10H _@"! &&$109B& () -! 9& $109R5E5& () - & $109& ()- YFL09®& ()- 10\ 10\

10\ F(#10% & () -\ =#- ./ 04z| ~P103Y10% & () - 1055 1055

1055! +sMp109%%5& () -f! SMP109B5& () -f SMPLOY& () -f! 4&&$10% 5! 5& () - 4S56789=z0dY
£ 0Z10% & () -

FIG. 14 is a front view of an injection apparatus according to
the seventh embodiment of the present invention.

The injection apparatus 43 includes a heating cylinder 347,
which serves as a cylinder member; an injection nozzle 348 disposed at
the front end (the left end in FIG. 14) of the heating cylinder 347;
the plunger 44, which serves as an injection member, disposed
reciprocatably (in a manner movable in the right-and-left direction in
FIG. 14) in the heating cylinder 347; the linear motor device 49, which
serves as injection drive means, for advancing and retreating the
plunger 44; a screw 345, which serves as a metering member and as a
plasticizing member, disposed in the heating cylinder 347 rotatably and
reciprocatably while surrounding the plunger 44; and a motor 359, which
serves as metering drive means, for rotating the screw 345. The
injection-apparatus—-moving mechanism 52 moves the injection apparatus 43
toward and away from an unillustrated stationary platen. When the
injection apparatus 43 advances (moves leftward in FIG. 14), nozzle
touch can be performed. The heating cylinder 347 includes a body member
361 and a seal member 362 disposed ahead (in FIG. 14 leftward) of the
body member 361. A resin supply port 363 is formed in the body member
361 at an axially predetermined position. A hopper 364 is attached to
the resin supply port 363. The screw 345 assumes a tubular shape so as
to allow the plunger 44 to extend therethrough. A spiral flight is
formed on the outer surface of the screw 345, and a groove is formed
along the flight. The screw 345 includes an unillustrated changeover

motor, which serves as injection—metering changeover drive means. The
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injection position in which the front end of the screw 345 comes into
contact with the inner surface of the seal member 362 or a metering
position in which the front end of the screw 345 is located a
predetermined distance away from the inner surface of the seal member
362. Notably, the plunger U4 and the screw 345 are disposed on the same
axis in such a manner as to at least partially overlap each other in
the axial direction.

The motor 359 is disposed between a front support plate 366 and
a rear support plate 367 and includes an unillustrated stator and rotor.
The front end of an output shaft of the motor 359 and the rear end (in
FIG. 14 the right end) of the screw 345 are coupled via a rotation-
coupling member 371. Rotation generated through operation of the motor
359 is transmitted to the rotation-coupling member 371.

The plunger 44 extends rearward (rightward in FIG. 14) through
the screw 345 and the rotation—coupling member 371 and is connected to
the output shaft 63 of the linear motor device 49 via the adapter 61,
the load cell 62, and the movable plate 64. The load cell 62 serves as
a pressure—detection device for detecting injection pressure, dwelling
pressure, and back pressure to be generated by the linear motor device
49. The movable plate 64 serves as a movable support member. The screw
345, the plunger 44, the adapter 61, the load cell 62, the output shaft
63, and the movable portion 13 (FIG. 2) are disposed on the same axis.

In a metering step, the thus-configured injection apparatus

operates in the following manner. Metering process means of an
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unillustrated control section performs a metering process and causes the
screw 345 to move to the metering position through operation of the
changeover motor. Subsequently, the metering process means causes the
screw 345 to rotate through operation of the motor 359. Thus, resin
which is supplied into the heating cylinder 347 from the hopper 364
through the resin supply port 363 is melted. The molten resin is
caused to advance along the groove on the screw 345 and is then
supplied into the screw 345 through a gap between the inner surface of
the seal member 362 and the front end of the screw 345. As a result,
the pressure of the resin causes the plunger 44 to retreat (move
rightward in FIG. 14), whereby the resin is stored ahead of the plunger
Ui in the heating cylinder 345. At this time, the metering process
means recelives back pressure detected by the load cell 62 and causes
the linear motor device 49 to operate so as to control back pressure to
be imposed on the plunger Ui,

In an injection step, injection process means of the control
section performs an injection process, thereby causing the screw 345 to
move to the injection position through operation of the changeover
motor and subsequently causing the plunger U4l to advance through
operation of the linear motor device 49. As a result, the resin is
injected into a cavity of an unillustrated mold apparatus from the
injection nozzle 348, At this time, the injection process means
performs speed control by means of the linear motor device 49 and
detects, by means of the load cell 62, injection pressure which the

plunger U4l has generated.
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Upon completion of the injection step, a dwelling step starts.
In the dwelling step, dwelling process means of the control section
performs a dwelling process, thereby controlling dwelling pressure
through operation of the linear motor device 49. At this time, the
dwelling process means receives dwelling pressure detected by the load
cell 62 and causes the linear motor device 49 to operate so as to
control dwelling pressure which the plunger 44 generates.

In this case, since the plunger 44 and the screw 345 are
disposed on the same axis, the size of the injection apparatus U3 in
the height direction can be reduced. Since the plunger 44 and the screw
345 can be accommodated within the common heating cylinder 347, the
number of heaters for heating the heating cylinder 347 can be reduced.
Further, the number of component parts of the injection apparatus 43
can be reduced.

The present invention is not limited to the above-described
embodiments. Numerous modifications and variations of the present
invention are possible in light of the spirit of the present invention,

and they are not excluded from the scope of the present invention.

INDUSTRTAL APPLICABILITY
The present invention is applicable to a molding machine such as

an injection-molding machine.
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CLAIMS

1. An injection apparatus characterized by comprising:

(a) an injection member disposed reciprocatably in a cylinder member;
(b) a linear motor device for advancing the injection member when
operated;

(c) a metering member disposed rotatably in the cylinder member; and

(d) metering drive means for rotating the metering member.

2. An injection apparatus as described in claim 1, wherein the injection
member and the metering member are disposed on different axes.

3. An injection apparatus as described in claim 1, wherein the injection
member and the metering member are disposed on the same axis.

4, An injection apparatus as described in any one of claims 1 to 3,
wherein:

(a) a pressure—-detection device for detecting pressure of a molding
material present ahead of the injection member is disposed between the
injection member and the linear motor device; and

(b) the injection member, the pressure-detection device, and the linear
motor device are disposed on the same axis.

5. An injection apparatus as described in any one of claims 1 to 4,
wherein the linear motor device comprises a movable member disposed
reciprocatably, a drive section frame surrounding the movable member,
coil members disposed on the drive section frame, magnets disposed on
the movable member in opposition to the coil members, and a guide device

for supporting the movable member.
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(a) the coil members are disposed on a top wall and a bottom wall,
respectively, of the drive section frame; and

(b) the magnets are disposed on an upper surface and a lower surface,
respectively, of the movable member.

7. An injection apparatus as described in claim 5, wherein the guide
device is disposed between a side surface of the movable member and the
drive section frame.

8. An injection apparatus as described in claim 5, wherein the guide
device is disposed between a lower surface of the movable member and
the drive section frame.

9. An injection apparatus as described in claim 5, wherein the guide
device 1s disposed between an upper surface of the movable member and
the drive section frame.

10. An injection apparatus as described in claim 5, wherein the guide
device comprises a rail disposed on the movable member in such a manner
as to extend in a longitudinal direction of the movable member and a
block mounted on the drive section frame and adapted to hold the rail.
117. An injection apparatus as described in claim 10, wherein force
application means is disposed between the block and the drive section
frame.

12. An injection apparatus as described in claim 5, wherein the drive
section frame comprises a protruding member formed in such a manner as
to protrude outward.

13. An injection apparatus as described in claim 12, wherein:
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(b) an air flow path is formed between the protruding members.

T4, An injection apparatus as described in claim 12, wherein:

(a) the drive section frame comprises a side wall; and

(b) a cooling fan for taking in air is disposed on the side wall.

15. An injection apparatus as described in claim 14, wherein the cooling

fan is covered with an air-cooling cover.

16. An injection apparatus as described in claim 12, wherein the

protruding member is disposed in such a manner as to extend

perpendicularly to a moving direction of the movable member.

7. An injection apparatus as described in claim 5, further comprising a

position-detecting device for detecting a position of the movable

member.

18. An injection apparatus as described in claim 17, wherein the

position-detecting device is disposed outside the drive section frame.

19. An injection apparatus as described in claim 17 or 18, wherein the

position-detecting device comprises a first detection element fixedly

attached to the drive section frame and a second detection element

mounted on the movable member.

20. An injection apparatus as described in claim 19, wherein:

(a) a cutout portion is formed in the drive section frame; and

(b) the second detection element is mounted on a bracket which protrudes

through the cutout portion and extends along the drive section frame.

21. An injection method characterized by comprising:

(a) rotating the metering member by metering drive means in order to
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feed a molding material, having been fed into a cylinder member, toward
a front end of a metering member while melting the molding material, to
thereby store the molding material in a space ahead of an injection
member and retract the injection member by pressure of the molding
material; and

(b) advancing the injection member through operation of a linear motor
device in order to inject the stored molding material.

22. An injection method as described in claim 21, further comprising:
(a) detecting, by use of a pressure-detection device, pressure of the
molding material, the pressure being transmitted via the injection
member; and

(b) controlling back pressure on the basis of the pressure of the

molding material.



