; ©3e4Z26T] | NJECTI ON APPARATUS BACKGROUND OF THE | NVENTI ON Fi el d of the
I nvention: The present invention relates to an injection apparatus.
Description of the Related Art: Conventionally, in an injection nolding
machi ne, a screw is disposed within a heating cylinder of an injection
apparatus such that it can rotate and can advance and retreat. By operating
a drive mechanism the screw can be rdtated, and can be admw’mmmwm]
retreated. In a netering process, the screwis rotated, wh

which is supplied froma hopper into the heating cylinder is mabassd through
application of heat and transfer SBECIFOEAHON, and the nmolten resin is stored
in a space | ocated ahead of a screw head attached to the frtmw”mmwmm mre
screw. In an injection process, the screwis caused to adva m t he
molten | resin, which is stored in the space | ocated ahead of tdgegerew
head, is injected froman inj CERLEQRF ﬁHEzﬁgE¥WH the cavity of a nold

apparatus so as to fill the cavj th 7}#6}&%(5?% Lﬁ‘sa conceptual view of a
conventional injection apparatus: ¢ I E, ef erence nuneral 11 denotes a

heating cylinder. A screw 12 is disposed within the heating cylinder 11
such that it can rotate and can advance and retreat (nove |eftward and

rightward in FIG 1) 2 Angﬂ&deF@ rogtﬁ_@ tﬁmﬁg%@pn nozzle is attached to
In ) of the

the front end (left hand en eating cylinder 11, and a
nozzl e hoyﬁﬂhsonﬁgﬁﬂwEHtﬂﬁﬁ injection nozzle. The rear end (right-hand end
in FIG 1) of the heating cylinder 11 is attached to a front injection

support 61) and el fisehf] QGEADRNSHHRGES t62ar inﬁ'éc&ﬁ@ﬁ%bfarﬁlﬁgef[ er m ned
dliLsnce away fromthe front injection support 61. The front injection
SUApC

rt 6feddreptit@son theXrdleked hody 6la and a cover 61b. Rods 63 extend
between the front injection support 61 and the rear injection support 62)
for maintaini ng &opredeteratilyedin an injection molding machine, a screw is
disposed within a heating cylinder of an injection apparatus such that it
can rotate and can advance and retreat. By operating a drive mechanism,
the screw can be rotated, and can be advanced and retreated. In a
metering process, the screw is rotated, whereby a resin which is supplied
from a hopper into the heating cylinder is melted through application of
heat and transferred forward, and the molten resin is stored in a space
located ahead of a screw head attached to the front end of the screw. 1In
(,) an injection process, the screw is caused to advance, whereby the molten
resin, which is stored in the space located ahead of the screw head, is
injected from an injection nozzle into the cavity of a mold apparatus so
as to fill the cavity.
FIG. 1 is a conceptual view of a conventional injection apparatus.
In FIG. 1, reference numeral 11 denotes a heating cylinder. A

screw 12 is disposed within the heating cylinder 11 such that it can

rotate and can advance and retreat (move leftward and rightward in FIG. 1)



di stance’t her ebet ween. The front injection support 61) the rear injection
support 62, and the rods 63 constitute an injection frame. A circular
connection nmenber 64 is integrally attached to the rear end of the screw 12
via a coupler 59. A cylindrical support nmenber 65 is attached to the
connection nmenber 64 by use of bolts btl. The connection nenber 64 and the
support nenber 65 constitute a rotary 3l i de nenber 68, which unitarily
rotates with the screw 12. A male spline 92 is forned on the outer
circunferential surface of a rear end of the support nmenber 65. In order to
transmt rot df whillgstratedoimieption @aezrdariieratg@ched tocyhe fatpnt aindr befity
menber 78 is disposed while surrounding the rotary slide nmenber 68, and a
femal e spl P#rd €39 &0 fidGred) o?f thhe PAmEingicyéindant divi and fumpggde gfokehds
rotary rrenPer 58_. The fenale splipne 93 has an axial |ength equivalent to
the stroke' BMefnd Lh§ dRJaF 108 HOZ2 R ary menber 78 is supported by bearings

bl and b2 i . t at.ab ti t he fraont
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out put shafutlbam ;‘?\d an&eﬁﬁ%tgrln Ocqug;ﬁte%(? gﬂt ta'dc} txﬁéel%\gg%gau?foéh%qﬁe [}ﬁ&ﬁég&a
adapt ed t carlebeedvelrhe1.0t abdo16al esfBRdbetwdchet AR rRbh U YL S on/ QupsHd &%
conk olled on the basis of a detection signal output fromthe encoder 70a.
Each of thendsttaeoreandinjeetionosuppettud@s fAocofi@int@iAiagCoi provutRe¢nonte t he
core. An output gear 75, a counter drive gear 76, a counter driven gear 77,
and the roti@Ebaneenttéergdetweenli sfvsed rioatweedet heometwrdorg wot,othéOraad t he
rotary slide menber 68. The output gear 75 is attached to the output shaft
74. The oulldactigaapurperad, tand sorimods 63r tonstgbete 76 iajecwiogafyedewi t h each
other. The counter drive gear 76 and the counter driven gear 77 are engaged
with each ot her. ATHiECEARM CaRnesLion meplaty 6471 dntasrathiegttashed o shayrpar

nmenber 78 by u of bolts bt3. The output gear. 75, the counter drive gear
76, the co t%’f%&ﬁ?@'ﬁwfﬁgé‘?‘ & FPuRRy g?ve o?wdﬁ’é%%e?umrhwgﬂﬁ‘tﬁﬁgsthe
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rotary nenber 78; and the outer circu rential surface’o e connec

menber 64 \aneh ket redates fiehettd bradibaca plid Be1 1l 95 Vi ROk 48 are
in slidable contact with each other. That is, the fenale spline 93 forned

on the  4henoeferceireunfareadidlalusticase sobedh@nt Aifatle RPFBEFt A8mber 65.

spl i ne-engaged with the above-described nale spline 92 to be slidable

rel Et i ve ther et o.InAccdarditngtygnsmtienrdtadiont utths hedttary4sisier atdead 68hrough
ope ion of the netering notor 70, rotation is transmtted to the rotary
slide mentfgliBgrigad retamyumpneenyddr i¥5d1igpesed oniritler surrouadgear tigs rotiey
counter driven gear 77) and the rotary menber 78) whereby the rotary slide
menber 68 3 4& &Ti R8:h8Nfeguf8Padpr ERLIBA 8B if Feleedeomsthmeetieuhr and

t hus the sc?ewflz its EOt a%ed agc&‘rdi n%lé’é Wien t he rreteri ng motor 70 is

st opped arfdTPEHERTREE" (T R] Phi TG RRMEY AIPeE St T BSPalEr SRI1BE 93 has
an axial length equivalent to the stroke of the screw 12. The rotary
member 78 is supported by bearings b1 and b2 in such a manner as to be
rotatable relative to the front injection support 61.

An electrically operated metering motor 70 is disposed. 1In a



restraint, the rotary slide menber 68 is caused to stop rotating, so that
the screw 12 is caused to stop rotating. A ball screw 83 which includes a
ball screw shaft 81 and a ball nut 82 and serves as a direction-of-notion
changi ng section, is disposed rearward (rightward in FIG 1) of the front
injection support 61. The ball screw shaft 81 includes a small-dianeter
shaft portion 84, a |argediameter thredded portion 85, a connection portion
to be connected to an injection notor 90, etc. which are sequentially
formed fromthe front end of the ball screw shaft toward its rear end. An
annul ar f |mtgeinepbecesdy thd setsnisgnadtor 70 tisedperstedets ivotitteithpetat@eh t he
shaft portion 84 and the threaded portion 85. The electrically operated
i nj ecti on siddermegder H&, wareas, tifethednieqijier tAnesestmpfbe tnegerifiga 1atqrode
cell 96. The injection notor 90 is operated in the injection process.
Rot ati on (gemeratasd rpyensietonguecty GHoRoti§r rOkRL18N (95 ¥R K1teRY 1 ifR"eMbeBaded
portion 85, The above-described ba I,scIe 83 converts a rot arﬁ not i on
gener at ed 8- t HS Mederii88 RBESF 705iBplites, FbM SR atsdi 5%2&8Eonphni ed
by rotation;, .i.e to a rotar rectil.i r.nption r.ansm th
rotary, re‘&“illlf‘ﬁlé%ﬁter‘?of'?{ﬁf ?ﬁ?%@ef&?g}@ Iilﬁgarﬁggrﬂgeiggét%?us,érfhoé‘ltgﬁﬁ
screw shaft IS SUPPQr thdt y ig%b I
such a nari‘ﬂ'@? %a@?’t Snganr %{fgc%dggl r’edaa%{%c%%gl ﬁ)q"lh%'r%v ztgllrf'e reltai)iJ \%@gt %%pﬁlge
rotary sligde i §p4 Pt 4 Yo £N950 I 4 ARDSWPRer t gd4byst he
bal | nut 82" at i ?écg%% é‘?’m’g%g{l ?s%?‘%e CF_ot aryq%fdllgd’te1 r?gnber 63 i's ﬂ?sposed
In such a J@@PSEI ohOt e bElQi@tﬁb'aedé@&c%tibf{esitg?aﬁ heutil! ro6w ewn83emider
amg{aly novabl e relative to the rotary nenber 78. An unillustrated nale
screw i s famededyh ar fuhenstape ol thofrdthe Stabbieper toed, 8u) ardin Womadi ng
nut 80 is disposed while being engaged with the mal e screw. The bearing nut
80, toget hartowtliehcarqar ot rusi on 65a fornmed on the inner circunferenti al
surface of the support menber 65, positions the bearing b7. The ball nut 82
is fixedly attachadostputhgeare?, enfeumteorrdupmeatr B @i eounter|drider ¢lepr96.
The load cell 96 detects an injection force and a dwel| pressure.
Accor di ngl %7, aheértheoretargnneferesr 28 caret REINAFRC opRIVEEN oFReoMeteRing Pof&CcPon
nmotor 90 in the regular or reverse direction is transmtted to the ball
screw shaf3nBEngi2PTERE TiikeBRIRFK PBr t iR, OVIRITHEPRT Jor df AHACRCS1Eq Lhe
caused to c?udt\f:%gcghac%‘rt r7Et rel%te (\Dl\llfllfl,plu% ggéra%l'sngﬂd $t:lhre]C((;"o&nhc(?ar‘t gleva}ad%gar 76 are
engaged with each other. The counter drive gear 76 and the counter driven
gear 77 are engaged with each other. The counter driven gear 77 is
attached to the rotary member 78 by use of bolts bt3.

The output gear 75, the counter drive gear 76, the counter driven
gear 77, and the rotary member 78 transmit to the rotary slide member 68
rotation generated through operation of the metering motor 70. For such
operation, the rotary slide member 68 is disposed in such a manner as to
be nonrotatable and axially movable relative to the rotary member 78; and
the outer circumferential surface of the connection member 6L and the
inner circumferential surface of the rotary member 78 are in slidable

contact with each other. That is, the female spline 93 formed on the



portion 85 and the ball nut 82 are engaged with each other. In the

i njection process or a |like process, in which the rotary slide nenber 68 is
caused to advance or retreat without rotation) stoppage . of the operation
of the metering notor 90 causes stoppage of the rotation 6 of the rotary
slide nmenber 68, and the subsequent operation of the injection notor 90
causes the rotary slide nenber 68 to a%ially nove. As a result) a
rectilinear notion is transmtted to the screw 12) which is integrally
attached to the rotary slide nmenber 68, whereby the screw 12 is caused to
advance (nbiken eirqunfgrentiglcsunacenas itthet petagiyepentesn78fis Bpline-engaged
thus-configured injection apparatus wi |l be described. First, in the

met eri ng plbEedse aR¥A-4aserigedt mrig SPALRT 970te Peopiidabdg relesivettderetr of
the output shaft 74 is transmtted to the screw 12 via a transm ssion

mechani sm  whi ch AcSORbiRgbEe el HhReOWRbb RIafed? ¥8 rotpked: ShrRush epersticear
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of the screw and causes the s toretrea Ennve ri n Fl G

1), wherebyg tikeps@tied 115 thbOFR1ER ArsPRcR bPCH 8fverde 2564104, 3d thus
unillustrated screw head attached to the front end of the screw 12. At this

tinme) the i{ps Gerel T2tILabothhEdCRE0PA; A .SCHEY 1heC aWEEEr 1MIE moRbAT M0 Sisi de
nen?ei 68 to nove relative to the rotary nmenber 78; specifically, to
ret heat

. Astopreed Gindr §sstadeedethatesGBalnt tieatutgure shalfk sorey sdafd o381 i s
caused to retreat while rotating. Next, in the injection process, the
i njection retopi®) ke opbaryt edidel membays 68t ncansrdato atopf rdta¢ingit gut tialtaf t
94 is transmtted to 7
the screw 12 is caused to stop rotating.

A ball screw 83, which includes a ball screw shaft 81 and a ball
nut 82 and serves as a direction-of-motion changing section, is disposed
rearward (rightward in FIG. 1) of the front injection support 61. The
ball screw shaft 81 includes a small-diameter shaft portion 84, a large-
diameter threaded portion 85, a connection portion to be connected to an
injection motor 90, etc. which are sequentially formed from the front end

( ) of the ball screw shaft toward its rear end. An annular flange member 89
is externally fitted to the shoulder between the shaft portion 84 and the
threaded portion 85.

The electrically operated injection motor 90 is fixed to the rear
injection support 62 via a load cell 96. The injection motor 90 is
operated in the injection process. Rotation generated by the injection

motor 90 is transmitted to the threaded portion 85. The above-described

ball screw 83 converts a rotary motion generated by the injection motor



the ball screw shaft 81 via the connection portion. The ball screw 83
converts the rotary notion to a rotary, rectilinear notion. As a result,
the ball screw shaft 81 is caused to advance while rotating. Then, when the
metering notor 70 causes the rotary slide nenber 68 to stop rotating, the
screw 12 is caused to advance w thout rotation, since the screw 12 is
integrally attached to the rotary slidé@ nember 68. Since the conventi onal

i njection apparatus requires the transm ssion mechanismand the rotary
menber 78 in order to transmt rotation generated by the netering notor 10
to the rot 80 yoski dectiidihear @@tiomiaseonpasied by oratetjampernent , dfo gerotargnd
ot her nenbers, and the size thereof increases. Further, a | arge nunber of
conponent sregtd 1épgaropetiomesnd tinagsnitse vhe ratesy ofrectt binearosstiandtarthe
increase in the cost of the injection apparatus. Mreover, at the tinme of
assenbl y, PeieRY eHdAe Sember 68of the injecti on apparatus, the ball screw 83
is built into the i%iection apparatus along with the support nmenber 65 and

pPpo
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I NVENTI ON 51 1@ eAfen®Rie6d 197 aidpRsPd 83LBhcH BV RRdePNas ot Be YUl N relative
abo%a&nentloned probl ens in the conventional injection apparatus and to

provi fle antd Rhe WalPNErPPBREHS akEPARY Bowb1Br@I8HiveNgo GRBEFGHalP mekibe GigS e,
enabl ing reduction in size, reducing the nunber of conponents, preventing

ener gence ofant onijuestmsted mait serhwciibgfarast.onfla frednteesd tpagt adfothe Qilja@Et |
the present invention provides an injection apparatus which conprises an
i nj ecti on pargden &4, c3dd adeaardeginut 8Q tiscthbyposed twhile redng iengagedamith dhe
i njection nmenber disposed within the
male screw. The bearing nut 80, together with a protrusion 65a formed on
the inner circumferential surface of the support member 65, positions the
bearing b7.
The ball nut 82 is fixedly attached to the rear injection support
62 via the load cell 96. The load cell 96 detects an injection force and

a dwell pressure.

) Accordingly, when rotation generated through operation of the

o
.
.

injection motor 90 in the regular or reverse direction is transmitted to
the ball screw shaft 81 via the connection portion, the ball screw shaft
81 is caused to advance or retreat while rotating, since the threaded
portion 85 and the ball nut 82 are engaged with each other.

In the injection process or a like process, in which the rotary
slide member 68 is caused to advance or retreat without rotation, stoppage

of the operation of the metering motor 70 causes stoppage of the rotation



cylinder menber such that the sane can rotate and can advance and retreat;
a rotary slide nenber attached to the injection nenber; and a stator
attached to the injection frame, and a rotor disposed radially inward of
the stator to be rotatable relative to the stator. The rotor conprises a
hol l ow) cylindrical nenber disposed radially outward of the rotary slide
menber and novably relative to the rot z§ry slide nmenber, and a magnet
attached to the cylindrical nmenber. In this case, the rotor conprises the
cylindrical nenber and the nagnet, and can transmit generated rotation
directly tefttke mottary slidr membser 681 ik hiccBRRBAAEEHy oPeEafider ¢hHrthe
transm ssi on nechani sm which , is conposed of an output gear, a counter
drive gear $nipcédemmerord0veaisgeathe ROt WaslideeRerier @é)&o, axied Lpreayent i by
generation of noise, which would otherwi se result from enq%ggerrent of gears
u

and ot her FetRFME: arpgetilingan makden oS ChaRIHeRed takhpes ted #héghriFence
f ot | b t ed; d the t of j nj ect| t
can ber eabtagra R, AreBhed TR B, rifihve S Run tan BhetsBy HE PrrR 1arite

section cagau%%dg@oggg‘gagm?thgn%y%ﬁe?%&p@ig&tﬁr.a{):,J\.ns can be reduced in size

accordi ngly. of I'S equi ppéd Wi th a permanent nagnet, a
coil is not requi t i 0 0 . Y I of
the cylindrical rrg er @ggﬁop%gﬁ}?ﬁo?fggsg%é gc?g%r%ﬁfélg\éﬁgarﬁ.ﬁgfrzgfonrggﬂpﬁrtéaetrus

di aneter ofi@a dbrfekr@Rgof-notion changing section can be increased, a

di rection-of-notion changi ng section having a large rated capacity can be

i ncor porated, andrh@syy ihogk Mekeh ik GaBcdss PRhER R nefsrind @d4bs . 7d NG

i njection apparatus can be reduced in size, and can be operated under heavy
| oad ol di egeressd)j thenmtaliun bfj et betpuPEarat Tis i8Byrdnsel tika eanegsdrewmed
integrally with the injection frame. The stator and the rotor may

constitut el viierattrdnsmiestec meomanion, whial iisgcodpesedtalr yhe loutputrgeber7s,n a
nmet ering process. The stator and the rotor may constitute a second drive
section fofheagpurter ApiMengeamdbs other gowntiegedrisiebegeam 7an thej petarynmemosress.
The injection apparatus may includes a direction-of-notion changing section
for conver8n§ta- r 3narienbPtady ghifer BERRPrablt HO ERRTSDYL PRtEERY BEARIRS2

noti on and.f%l tranfm'ttin .the rectilinear notion to the
in the regular direction.

This rotation of the screw 12 causes unillustrated resin, which
drops from an unillustrated hopper disposed on the heating cylinder 11, to
advance along an unillustrated groove formed on the outer circumferential
surface of the screw 12, and causes the screw 12 to retreat (move

) rightward in FIG. 1), whereby the resin is stored in a space located

-

ahead of an unillustrated screw head attached to the front end of the
screw 12. At this time, the force of retreat induced on the screw 12
causes the rotary slide member 68 to move relative to the rotary member
78; specifically, to retreat. As the rotary slide member 68 retreats, the
ball screw shaft 81 is caused to retreat while rotating.

Next, in the injection process, the injection motor 90 is

operated. The resultant rotation of the output shaft 94 is transmitted to



rotary slide nmenber. Preferably, the direction-of-notion changi ng section
conprises a first conversion elenent and a second conversion el enent; and
the first conversion elenment is supported rotatably relative to the rotary
slide nmenber. The present invention further provides an injection apparatus
whi ch conprises an injection frame; a cylinder nenber attached to the
injection frame; an injection menber disposed within the cylinder nenber

10 such that the same can rotate and can advance and retreat; a rotary
slide nmenber attached to the injection nenber; a stator attached to the

i nj ection Fheaballasares safsy 83upirorthedconagical oy ponmdonl. offhehisaldt atrew t83 be
rotatable relative to the stator; and a rotational -speed detecting section
for detectFHYeRtS SNAtTVREY mSder tof atnpsaryt sectiffjseanmational Aspeedsult,
detecting section includes an elenent to be detected) the el enent being
attached tE'eaPRbl BEVHY EP3ithEl i iSaravasipee agvanse vistlet Befakpne: rot ati on of the
rotor, and a detggtin el enent di sposed in _opposition to the elenent to be

detected. In thisnehs&hen fhefeterine patays 70 fauses Fhe srofers cHdde tismper 68

hol | ow, i Lcal 149} to_b ted th h tation aof th t d
the det ect Thd PBPCREETE: diEpB88eF (17 SBpBRiiaton (HHAEeCrETREHe Totaidon,

Can be det ey e URErehy ni arred Al SRRhe chobl wobalfy 1B npfon, 35

can be detected, ereby neterin or med snoot Yy,
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to be detected. Preferably, a nmagnetized detection e isftorned on the

detecting s1¥@NEsidn Meehen &M ¥ndt bee l2a® tméxﬁbet}eggeiz?%r%%ri S0 dishRaed to

fac?.the detecting elenment in a non-contacting state.
.:) rotation generated by the metering motor 70 to the rotary slide member

68, noise arises from engagement of gears and other members, and the size
thereof increases. Further, a large number of components are employed,
resulting in emergence of torque loss and an increase in the cost of the
injection apparatus.

Moreover, at the time of assembly, maintenance, etc. of the
injection apparatus, the ball screw 83 is built into the injection
apparatus along with the support member 65 and the bearings b7 and b8,
and such building-in work must be performed in consideration of meshing

( ) engagement between the male spline 92 formed on the outer circumferential
surface of the support member 65 and the female spline 93 formed on the
inner circumferential surface of the rotary member 78. Therefore, when
meshing engagement cannot be established properly at the Spline portion,
the building-in work requires a longer time, which deteriorates easiness

of assembly, maintenance, etc.

SUMMARY OF THE INVENTION



Preferably, the cylindrical nmenber is disposed radially outward of the
rotary slide nmenber and novably relative to the rotary slide nenber
Preferably, the rotor includes the cylindrical nmenber, and a magnet
attached to the cylindrical menber. In this case, a magnet can be used for
the rotor, and therefore, a coil is not required to be disposed on the
rotor, whereby the size of the injecti®n apparatus can be reduced.
Preferably, the rotational -speed detecting section detects pole position of
the rotor. The present invention further provides an injection apparatus
whi ch conpri ses: Aa ¢hiigat;ofatke areserdt izusheibn dstliveselenthe @bbee-mentiangd
radially inward of the frame; a rotor disposed radially inward of the
stator: amFoblessaiy the gonyerbienal siiuieedipARRRINAtUG\ARE &7 Ry idet ap,

t he rotary sl i de menber being reciprocated along an axial direction. At a
rotation tiRSH Y5 PBPARAIUE| PSR nefd PSHV%“@PaeEan&é‘ét%ﬁn Pﬁenqléteorﬁn%&laﬁ
novenent of the rotar ted) and rotation of the
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f or med begﬁegn t he. raotar A éde nggp r and a cylindrical nenber which
consti tut RRAUELL 5T eF ‘5%F§ 5 Seal nenber is disposed on an outer
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menber is in contac an inner ST e ace of
menber whi GeCORML hiparatud RRi&PBhprises an injection frame; a cylinder member

attached to the injection frame; an injection member disposed within the

(f) cylinder member such that the same can rotate and can advance and retreat;
a rotary slide wmember attached to the injection member; and a stator
attached to the injection frame, and a rotor disposed radially inward of
the stator to be rotatable relative to the stator.

The rotor comprises a hollow, cylindrical member disposed radially
outward of the rotary slide member and movably relative to the rotary
slide member, and a magnet attached to the cylindrical member.

In this case, the rotor comprises the cylindrical member and the
magnet, and can transmit generated rotation directly to the rotary slide

g‘) member, thereby eliminating the need for a transmission mechanism, which
is composed of an output gear, a counter drive gear, a counter driven
gear, a rotary member, etc., and preventing generation of noise, which
would otherwise result from engagement of gears and other members. Thus,
the number of components can be reduced; emergence of torque loss can be
prevented; and the cost of the injection apparatus can be reduced.
Further, since a space for disposition of the first drive section can be

reduced, the injection apparatus can be reduced in size accordingly.



The present invention further provides an injection apparatus wherein an
airtight first lubricant chanber is fornmed between a frane and a rotor; and
the first lubricant chanber is connected to a second | ubricant chanber
formed inside the rotor in order to supply lubricant to the second

| ubricant chanber. Preferably, the first |ubricant chanber is forned

t hrough di sposition of a seal menber b8tween the frame and a rotation
transm ssion 1 2 section. BRI EF DESCRI PTI ON OF DRAW NGS The structure and
features of the injection apparatus according to the present invention wll
be readily apprediatechasratoe Fareuirppedntidhbetreeranentieragnedbd abgoilefierndtng
to the drawings, in which: FIG 1 is a conceptual view of a conventi onal

i nj ection appaizadigo PRGIispesed cfofbepraker vitipnsibyakhenféenear fipdmat us
according to a first enbodi ment of the present invention; FIG 3 is a
conceptuaJCwl%ﬂﬁQ%C%inmPHPéEt¢%ﬂ1Qﬁp&éﬂ§?6§eéc%%ﬁQF4ﬂ?8ﬂ6 a $BE3ncSBRfoditfent
of the present inventiaon; FIG Is a conceptual view of a rotational-speed

det ect or |ﬁl%qﬁ§e§eﬁﬁ)ﬁddéﬁﬁﬁiipﬁeﬂﬁ‘moﬁfﬁﬁ dlanglng RecLi 1GaPebY i HRTERAR M NG an
o BB B B B ek PR L REE PALRE B Shee® 12
embodi ment 1nco|?g§rgﬂ Iél)-,ngﬂ %a\PﬁE%?dﬁl\ésg% I\@I\I-Ip_§rfor'med. As a result, the
injection apparatus can be reduced in size, and can be operated under
heavy load molding conditions.
(T) The injection apparatus may include casing formed integrally with
the injection frame.

The stator and the rotor may constitute a first drive section for
rotating the rotary slide member in a metering process.

The stator and the rotor may constitute a second drive section for
axially moving the rotary slide member in an injection process.

The injection apparatus may includes a direction-of-motion
changing section for converting a rotary motion generated at the rotor to
a rectilinear motion and for transmitting the rectilinear motion to the

( ) rotary slide member.

Preferably, the direction-of-motion changing section comprises a
first conversion element and a second conversion element; and the first
conversion element is supported rotatably relative to the rotary slide
member.

The present invention further provides an injection apparatus
which comprises an injection frame; a cylinder member attached to the

injection frame; an injection member disposed within the cylinder member



Enbodi ments of the present invention will next be described in detail with
reference to the drawings. FIG 2 conceptually shows an injection apparatus
according to a first enbodi nent of the present invention. In FIG 2,
reference nuneral 11 denotes a heating cylinder, which serves as a cylinder
menber; reference nuneral 12 denotes a screw, which 13 serves as an

i nj ecti on menber, disposed within the ﬁeatlng cylinder 11 such that it can
rotate and can advance and retreat (nove leftward and rightward in FIG 2);
an unillustrated injection nozzle is attached to the front end (left-hand
end in Fl Gud) thRtt hke Ragei agh Ridtiaideand tangAdvangroaaderebneati;s &oretadyi n
the injection nozzle. The screw 12 includes a screw body and an

uni | | ust r afbifles Bemgrhahepcied akhdder niassien giepbend Bortatrr géEachegoly . than
unillustrated flight is spirally fornmed on the outer circunferenti al
surface of 1RIeEtEQY EGpModnd tah%?@BySLfRBPﬁ’fed’grédJs"ﬁH a"ln"@?‘?)&\fetherﬁéa?%'aw &8d
(right-hand end in FI G % Be heat i ng c%llnder attached to a
front injet?tFRBdGppEIEtDYHE WhitBR SEA RIS &L afF?ﬁﬁt oPPeRBNPRTEC AN ar

i njection su port 62, whjch ser as.a rear ort nmenber, is disposed a
pr edet er ni T 9F SPENETeS ?rdﬁ??ﬁﬁm%r%ﬁ?g‘ﬁsggg 6%°§Upport 21. Rods 63

extend bet ween thﬁe PORLCIbILESELOR BUDRAYE dégﬁﬁaﬂ LS hEQarl B SELEOR, pe

support 62, for naln arning a‘predeternin stance t ere

front inj e&éﬂe%e&upo%rélgmﬂemtmngeaftac%ecéd ASLRALY by Dharddth dEbE0ES 63

constitute an injection frame. circul ar connection nemb
i ntegral | ypatripggbef upbnthat e of EneRAterF, tang §Cde€t‘é/cﬁ2ng/|e§eﬂarﬁpﬁﬁ)éﬁfse59 A
cylindrical support nenber 65 is attached to the connection menber 64 by

uselof bol i obpbsitibe weotmeel éupntmegTberddiéetand t he support nenber 65
constitute a rotary slide nenber 68, which unitarily rotates with the screw
12. The support nEnbehiHrasas tine adienkentetgtie dgtevbbéents tatthhkredttokheof
the screw 12 and has a nmale spline 67 forned on the outer circunferenti al
surface thevldok, cylindoickdr memperr &0she rotatest through roeationaef, thei detarenber
°8, an gﬁg the detecting element is disposed in opposition to the element to be
detected. Thus, in spite of use of the hollow rotor, the rotational
speed can be detected, whereby metering can be performed smoothly.
Preferably, recesses and projections are formed on a detection
surface of the element to be detected.
Preferably, a magnetized detection surface is formed on the
(f) detecting element.
Preferably, the element to be detected is disposed to face the
detecting element in a non-contacting state.
Preferably, the cylindrical member is disposed radially outward of
the rotary slide member and movably relative to the rotary slide member.
Preferably, the rotor includes the cylindrical member, and a

magnet attached to the cylindrical member.

In this case, a magnet can be used for the rotor, and therefore, a



el ectrically operated netering notor 22, which serves as a first drive
section and a rotation restraint section, is disposed adjacently to the
rear end of the front injection support 21 to thereby be integrated with
the front injection support 21 and in such a manner as to surround the
rotary slide nmenber 68. The netering notor 22 is in the first drive node in
a metering process and in the second!dtive node in an injection node. The
metering notor 22 in the first drive node rotates the rotary slide nenber
68) whereas the netering notor 22 in the second drive node restrains
rotation ofoifthis motareguiredéonteridésp®d dthéhestodor ngihevely the sizel efighea
sleeve 23 fixedly attached to the front injection support 21; a rear

annul ar neinjeetizn apnaxatusdcan beheedusad. end of the sl eeve 23; a stator 25,
which is attached to the front injection support 21 via the s|eeve 23; and
a cylindrical rotfeeferatdyspthee dotakicspl ySReffadetesting Sestaenh dessctnPORR| ne
nut 27 is attached to the rear end of the rotor 26 by use of bolts bt2. The
stat or 25 ROSéFiRFes! FheoFPOP5a attached to the sleeve 23, and a coil 25b
wound onto the cofe 25a. The rotor €nC| udes a hol |l ow, . cylindrical  nenber

r 26 i
29) which is di spgedTesess &Pi"?"%%“h?t“lﬁ FoPEPYL48S 38 OBgaRpAFatus
di al | t. d of .. th t Lid 8 h that it
ol ntive o Rcorapet LA GRAY sor e BREE e o P holien Pt o, B85 SRRER,
. , t t i > [ f
The oyl | ndaceafly SHREL ot LhECHREEL D 4 10cBH HspBLLf UL sileplddrGRe T
cylindricaly,gefband 2% PH'EH}Iyi RicASerHerOdidpeked %Eiaﬂfy i RRrdes £thBOrdiekor 22

and is supported rotatably relative to the front injection support 21 and

t he(haar ahRUPXarfedlles mmbOy beeaRd Fediprachey hléhgdan axdad d1eaétidg. b2, 15
respectively. In this case, the sleeve 23 and the rear annul ar nenber 24
constitute a casisga mitathon Erianseigsdbh ysdeatiordFommed drne Sidenttace)cthen
support 21. In this manner, the front injection support 21 and the netering
not or 22 cartolre arizbridvementr oBdihd herteby skideimegbeheisi permifttielde and
injection apparatus. While allowing the rotary slide nenber 68 to axially
nmove rel atriogatian eheheprataey ralide membere igprasteietigd. 27 transnmits to the
rotary slide nenber 68 rotation generated by the netering notor 22 in the
first drive nodePBRierePhhsai Ybricanthehgmben ip §prmgd bRIWERE 8 T8y ciidde of
restraint geperated by the netering notor 22 in the second drive node, to

t her eby ré’%f“g%ﬁ’ ﬁngl‘?echﬁrgfil?ﬁl Eque%ewplﬁg’a??}‘%FF%Sn%EPt%& For such
operation, the r j d is . dis ed Lh S s to be
nonr ot at abl e rel g%igf\r/%aﬁy’t %eé%g}) '?Jnmggﬁu s ﬂgépéjﬁggé% él IOV%%V%B?@}J%E%%% \9% to
the rotor . I4cC| rent Lal face t ect r 64
and the in%%r P(?:;?Fgrésg lgrdgn%n %g sﬁlrnf gggﬁo? Sﬂ'stJ"Iﬁlél%‘rﬁoI'E:g};rt Zﬂg&aggg?n&ﬁﬁagfe’ :9 ﬁ
contact Widdnt8aswidhheh .  inteat ciScurderbhei 417 @0kr&£dW 0@f at &iEL iGMbi B4 inedber
menber 29) the inner circunferential surface of the , cylindrical nenber 29
and -t.he ouineth Gohstitueeenheatotsrr f ace of the connection nenber 64 are
slidable relative to each other, with a seal 30) which serves as a first
seal i ng devi ce, bBiengreserr posentidnefebetiarepnoviies be impgcténd apparhbéus
support nmenber 65, the nale spline 67 and a female spline fornmed on the

i nner ci r olrefeirengl @irsighitafirssf lubirdcandl chanbent i Tormad bétweahla feammged. | n

this case, the axial dinension of the spline nut 27 can be nade
a rotor; and the first lubricant chamber is connected to a second

lubricant chamber formed inside the rotor in order to supply lubricant to
the second lubricant chamber.
Preferably, the first lubricant chamber is formed through

disposition of a seal member between the frame and a rotation transmission



16 small, and the axial dinension of the male spline 67 can be nade | arge.
Therefore) when sliding notion occurs between the fenmale spline of the
spline nut 27 and the male spline 67) |oad acts on the inner
circunferential surface of the spline nut 27 at all tines) so that the
inner circunferential surface of the female spline of the spline nut 27
wears qui cker than does the outer cirlkdnferential surface of the male
spline 67. However, since the spline nut 27 is attached to the end portion
of the metering notor 22; i.e.) to the rear end of the cylindrical nenber
29, by usesedtibhe bolts bt2, work for checking the progress of wear and
exchangi ng the spline nut 27 can be sinplified. Mreover, if a spline were
formed on the inner circunferential surface of the cylindrical nenber 29)

t he thickness of the cylindrical nenber 29 woul d have to be increased
accordingly. By contrast) inBRHE PEXSERTINBHARABRNGS since the spline nut
27 is attached to the rear end of the cylindrical nenber 29, the radial

di mensi on of the 0§ FHUFFER aRbBaTUNSG ¢4 the el idBET @RS RRPArASH ABTHGRYS ot i s
possi ble to prevent, the dianeter_of the rotor 26 fromincreasin

excessi vel PRERISEETE ARIEBUIHE 1Ak B TERHLLS IARRTEP1ATRY AR BIS RETROVBIOTEE. As

nj cot i on beF albereiaRly rafRraBE B dPetes O BRSO SSChmly)

mai nt enance, et c.pof i nj r S ; : 3.4 id.t
into the injecti oFgeépEgrgaét l?é’ﬁg‘fdé‘ggl \;q\’nﬁtgﬁ c?thg %°§B§§?1?ﬂ%’rierﬁz‘g§&g§§a%d tr-ﬁié{lé,

bearings b7 and kg, g dubhedgtdal VivRrde BWSin jBEL 108 dsparBethsA 8 cddtdk Ao
First, in a state in which the spline nut 27 is renoved, the ball screw 83,

t he (Ebpporg fTREP &mbodikedt &, R Gréfentbemfdnfasn;db7 and b8 are built into the
injection apparatus. After that) the female spline formed on the inner
circunferential RIGl 8asod coheeptpki ndenudf 27 inJebtiougddparatus aesdriddgg to
engagenment with the male spline 67. Subsequently, the spline nut 27 is
attached ta deleend eabodimeniofoft the pyésentlr invahtimenber 29 by use of the bolts
bt2. In this case, a worker can build the ball screw 83 and the support
menber 65 into tHEGHn} 6t & ciPnappaieat viewpf HoTptaldaBathePred dekectnrs i ridgie
engagenent between the fenale spline and the nale spline 67. Therefore, the
time requi PEPPERTPPREIEHG! | di ng-in work can be shortened, and easiness of
assenbly, mainten e, etc. can be _.enhanced, Note that the_ fenmale spline
o the male opl | BEGS b PEr RS S VPOl LY SHOPHIE o DY Rb TS 1on JHd ot he
femal e spl iﬁ%}% gé)@csltohtllﬁt %ﬁe %e£$J§EmEJﬁH§m-S§{18n el enent; and the mal e spline
S :

67 constit a second transm ssi on elrenen When the rotor 26 is rotated

through operati ong1@f ¢ SL% reliebhag sﬂP&ﬂ{% 2R Ju@p%g‘lpgﬁérsaﬂdegéd-t\iﬁg r@]%ﬁent in

rotation is transmtted to the rotary slide ne via the spline nut
27) wher ebynd Recdt annbashérde nenber 68 is rotated in the regular direction
or in reverse as needed) and thus the screw 12 is rotated accordi ngly. Wen
the{rs)tor 26 i s stopped by the ,
- DESCRIPTION OF PREFERRED EMBODIMENTS
Embodiments of the present invention will next be described in
detail with reference to the drawings.
FIG. 2 conceptually shows an injection apparatus according to a
first embodiment of the present invention.

In FIG. 2, reference numeral 11 denotes a heating cylinder, which

serves as a cylinder member; reference numeral 12 denotes a screw, which



force of restraint generated through the netering notor 22 being brought
into the second drive node, rotation of the rotary slide nenber 68 is
restrained, so that the rotation of screw 12 is also restrained. The rear
end of the inner circunferential surface of the rear annular nenber 2u and
the outer circunferential surface of the spline nut 27 are in slidable
contact with each other via a seal 31,3which serves as a second seal i ng
devi ce. The rear annul ar nenber 24, the cylindrical body 18 29, the
bearing b2, and the seal 31 define a first lubricant chanber 32. The first
| ubri cant ssiraAbe¥s 32 imjdctipedragiven, digpossarpitaingittaseating chlnderedlas a
| ubricant. The cylindrical nenber 29, the rotary slide nmenber 68, the

spl i ne nutSugh) thatd ithearns &ataty) aBef Fale a6 VaRed Al NBFNeadn{IRYRMABEFNGT atfie
second | ubri cant chamber 33 is fil I ed with, for exanple, grease, A f| rst

| ubri cant r‘slgaﬁwdpéph%fn 233 13 MedlivstrRted dideghion Dozaktmisr adkadipdatot o
t | t b nd. the f | ub t
Coarar 5 shealeatl tad TEA-Bnd ‘égattqattga%ﬁréét heghing Glipgen jad Hha o

cylindrical ommunj.cat e first lubricant chanber 32

and thebsé]c%gien?’ﬁﬁﬁ :clg‘an?mgﬁalrlrlogﬁe 31§Je(ftr%°f]hrll°§ﬁ%se when a sliding notion
t t
urace of the st neray 25 calfeq AL SBEChdyEnd MAen HASHERES SRk finead

agai nst thg+3pRQf Rol AREFr&it eHATRY %Hé 's%t*ev? Wdagce B phiEusthafdr 'Fggghtrrggber
3 can be sea

29. Therefore) since the second |ubricant chamber 3

securel y, dpgakene refmdlf @8Sthd Gutée cirbemficdent thit Rersade\wr 1ehec@aré1e bod
prevented. Moreover) the seal 30 is disposed at one end portion; ¥ t he
f r oht ) end,thefetdiyh€orming naispeedl gesdver. 29, and the spline nut 27 |s d| sposed
at the rear end of the cylindrical nmenber 29. Therefore) the capacity of

t he second | ubri Chatreehamde(rigBt-cwmdbendi i rFE6s eld, ofintheaheatfihg ciyémbdequdiht ity
of grease can be acconmobdated within the second |ubricant chanber 33.

Ther ef or e, isgpgagehesaiobe Standl iade¢wlonabhpparet Wdenwhheh fseruke &pla feowh t he
inner circunferential surface of the spline nut 27 and the nmale spline 67.
Further, tW@PPTF sRenbeBr | ceaﬁteaé‘haﬁwtll% ERPPHE PEr R By SERBeE AR acredr t he
seal 31 and the cylindrical, menber 29 in such a rmanner 19 that the length

of the cyﬁuna?ttcalﬁmwnbé? Chized atqdft?mn@as@&tapﬁe (AfeY LR the fgont
| i nd 29
el 1 or at AAITRGE, SReH 21ar oSt anptn BB TroBE TRk an riepr

bal | screw;83n} Syl TQ gtqlé]e@@{é!@rs‘ﬁpgfif‘gmzv"a?gr'tﬁhflnlt(a;mgr}rg %hgf'g'c?e'gerrﬂ% d

i nj ection support erves as direction -nmoti o ngl ng secti on.
The ball sgeemB3chdiebéidRsna BaL lrrogt el jebabh &bpohiah S ¥es 38 jébthibs St
conversion elenent of the direction-of-notion changi ng section, and a ball
nut 82, WHupPordeb¥ £Snastha SEBOBE ABYRuUSE Gh &h @eEbn Afrakde
di recti on-of -noti on changi ng section. The ball screw shaft 81 and the ball
nut hS)Z are screwAesigegbar woireceimh metitherr 64 Tiseidaghaklyr evtachad tto8the mehrides
| -di ameter shaft portion 84, a |arge-di aneter threaded portion 85,
and an unidnduet rtieestrewntie¥id @n cpunrlierofd f of eydrindcidadnsusipoht taegbeémjédcis on
notor 90 serving as a second drive section, which are sequentially fornmed
from the fat&aEhesngo d%‘“et ‘Pfé‘nﬁﬁﬂonsw@ﬁr‘s%fbb’ EIRNRE dPQYCE Pllar ThR] CORRRCAARM| ar
fl ange nenber 89 is external fit o the shoul der between the shaft

portion gAenper 9eand, Eﬁc%’c]’plﬁ%? ineg e%§5 constitute a rotary slide member 68,

which unitarily rotates with the screw 12. The support member 65 has an
axial length equivalent to the stroke of the screw 12 and has a male
spline 67 formed on the outer circumferential surface thereof.

In order to transmit rotation to the rotary slide member 68, an



Incidentally, rotation generated upon drive of the injection notor 90 is
transmtted to the ball screw shaft 81. The ball screw 83 converts the
rotary notion transmtted to the ball screw shaft 81 to a rotary,
rectilinear notion, to thereby rotate and reciprocate the ball screw shaft
81. For such operation, the ball screw shaft 81 is supported, at its front
end by bearings b7 and b8, in such alnfinner as to be rotatable and axially
i movabl e relative to the rotary slide nenber 68, and is rotatably 20
engaged with and supported by the ball nut 82 at its center. That is, the
rotary sl ielechBherRllycererat@gidspeiand ngnnahierh2a, rdiakrseryesoade forat asligeand
axially imovable relative to the ball screw 83. An unillustrated nale
screw i s fHCGHEEN Gdad f PRt in I esaFR1indf Sepleioadinais digpesash agdacamidy atdbddei ng
nut 80 is di sposed ilg bei ng.engaged with the male screw, The beari.ng nut
80, toget H&EE WP 05\,\%!90 FORY dRIBEHORoPHRRPATDF 't 1B FSREPY dier dutRarrERd iwdft
surface of_the support nenber 635 sitions_the bearing b7. The bal ut 82
s ixedl ytis RGeS TR PRRROt PLoATd A a0 P TR 85 B HERE et 06
The | oad n igy.ectd oo tect.or for.. ectin n

i njecti oncrgg% E’Z%alzgé \éngﬁlgg%v?gl'l Tgﬂre e@%ﬂﬁggn%g{ogg or ?%rlq}dgéeegf?%% dglﬁ%ng?G

pressure. ﬁcﬁotﬁé%g%% prib&ss ra?lP ald @fe geee%ﬁ@td‘?‘gyé N %Qleglfr"i‘i‘éc%ort?:meoéggo

i njection notor the regular or reverse direction is nsm
the ball smiechefdialy fdvorl 22! VP (HNAAGH @R1ROOLEMrotdi8s DAld rBELENsTRRLL 61
is caused to advance or retreat while rotating, since the threaded portion

85 and t henditlelr B8, ARerdss a@aaedeitih RADT obhen. tHbesd@idOMralet Rgabal |
scrfwéshaft 81 consists of a rectilinear , notion conponent for causing the

bal cr eweshedins8iotadi@dvante ostargt sHat membern 680t ary notion conponent for
rotating the ball screw shaft 81. The rectilinear notion conponent and the
rotary notion cofpemeneriagenatonnainiinebesca tsheeveoRarfixslilyathastiedrtb68hei a
the bearings b7 and b8. In the injection process or a |ike process, in

whi ch t he fTephripisstigs SnR9BE 48 # re@rdEWlen ngabemad attached dat the reaut

rotation, the rreterinf; nmotaor. 22 is brought into the second drive node;
i .e., theend of the sleeve 23; a stator » which is attached to the front

injection support 21 via the sleeve 23; and a cylindrical rotor 26
disposed radially inward of the stator 25. A spline nut 27 is attached to
the rear end of the rotor 26 by use of bolts bt2. The stator 25 includes
a core 25a attached to the sleeve 23, and a coil 25b wound onto the core
25a. The rotor 26 includes a hollow, cylindrical member 29, which is

disposed coaxially with the rotary slide member 68 and radially outward of

(-
”
¥ ,

the rotary slide member 68 such that it can move relative to the rotary
slide member 68; and a permanent magnet 28, which serves as a flat
magnet, attached to the outer circumferential surface of the cylindrical
member 29 at a position corresponding to the stator 25. The cylindrical
member 29 functions as an output shaft of the metering motor 22 and is
supported rotatably relative to the front injection support 2! and the

rear annular member 24 by means of a bearing bl and a bearing b2,



21 rotation restraint node, and the injection notor 90 is brought into the
drive node, whereby rotation of the rotary slide nenber 68 is restrained,
and thus the rotary slide nmenber 68 can be axially noved w thout rotation.
As a result) a rectilinear notion is transmtted to the screw 12, which is
integrally attached to the rotary slide nenber 68) whereby the screw 12 is
caused to advance (rmove leftward in FI& 2). Next, the operation of the

t hus-configured injection apparatus will be described. First, in the
metering process, the netering processing neans of an unillustrated
control | errgspetoivesynet eri ng processi ng, whereby the netering nmotor 22 is
brought into the first drive node and is caused to operate in the node. At
this time, rotati da §bhereases éhet Béeew® i3 26di she regrmiannadar onemkers Alew
12 via the spline nut 27 and the rotary slide nmenber 68, to thereby rotate
t he screw SNStAtEthe ar eapiings Whickcis gateanaldy riaraed on thf thhdroet cRieoti®iuses
unillustrated resin, which drops froman unillustrated hopper disposed on

t he heati n8URBANthddr 1% tth&saﬂgé?]%r‘e’ FhEngrene HrISLEHRMTHRRET tgr b f&ened
on the outer_circunferential surface the scr 12, and causges the sgrew
12 to., ) ReGeFALE TOrGh b capnBCTATSR G oSt irey PREBE Y 518 Heq
in a space Iocategiaheaadalpgtughe screw head. At this tine) the force of
retreat indicad B PREPRERP12 causes the rot ary slide nenber 68 to

retreat relative Pfh(ilé @%15@#&?&&;%‘5%‘ sTfiel RéntePt & Yo %ﬂ&ﬁ?}ﬁ@grreﬁgtivel .

retreats, the ball "Screw t I'sS“caused to retreat e rotating

the injectionaragesie nuBe? Nitget !s?ﬁd%r QGESH PaNEAS 26 EHE roRBky 1tk
performs injection processing, to thereby cause the injection 22 notor 90
to dperat epep¥ert 68 Sobhtion kberagb@tiyoingeResrindnbtort ke imjtast { oatn@te 90
is transmtted to the ball screw shaft 81 via the sleeve 95 and the spline
portion 87modéhanbtatransmtewt83ticomeesrtis stihée membey GBotheforoeaof eeatyaint
rectilinear notion. As a result, the ball screw shaft 81 is caused to
advance whgérerateatbiynghe Aleseringhaotof 612t innther seassl dyiveeange c dws bsendby
metering notor 22 to operate in the rotation restraint node, to thereby
control theesteain ithaarotepéer obf thengotanyopl e mepter( 6%m Feorsugb mpexetint, of
the force of restraint. The force of restraint is transmtted to the rotary
slide nenbERe eBP%ATY tHe depPrAReRUEE 278 GisRAsedeBy PRSErai PRFMEAASD %P et he

t |i de _menper. 68, which ti |.d ot her wi d b
ot at | onal "EPERLETUCHIATAR T WRCOT D JHC P B el oAORaIA RELBAe
haf . | f t ich LS. t
he rotary 2R RERL P -oa s CoEaTCElRrardiia] Linodlhrdt Siiel BRASRER (0
screw 12 | 3?1%%589 dfd RHY e ras: HRRe LAY a20QYSack NEr 8R! PotiENaleS in

stored in the space |ocated ahead of the screw head, is injected froman
injection gpz#dif el BbALAAE Waavi b¥cPfomRruni Thatstizat 68 fR FraRRABAd UST TP edS

to fill the cavity. In order to prevent backflow of , the resin stored in
the{syace tpTat efli edieatbmfert 129 ,sehewihaad, cAficumferential surface of the
B cylindrical member 29 and the outer circumferential surface of the
connection member 64 are slidable relative to each other, with a seal
30, which serves as a first sealing device, being interposed therebetween.
At the rear end of the support member 65, the male spline 67 and a
female spline formed on the inner circumferential surface of the spline

nut 27 are slidabhly engaged.

In this case, the axial dimension of the spline nut 27 can be made



unil lustrated anti-backfl ow device is disposed around the screw head. As
descri bed above, the rotor 26 includes the cylindrical nenber 29 and the
per manent magnet 28, and rotation generated through operation of the
metering notor 22 can be transmtted directly to the rotary slide nenber
68, thereby elimnating the need for a transm ssion nechanisn) which is
conposed of an output gear) a counter Brive gear, a counter 23 driven
gear, a rotary nenber, etc. Thus, the nunber of conponents can be reduced,
and the cost of the injection apparatus can be reduced. Further) since a
space for siiadposintithe atialhéinesseen of thet oale23ptine be casder wdde tlaege.

i njection apparatus can be reduced in size accordingly. Use of the

per manent Thegatere,s when $£1lddipd movionfoaoyesrbrtoieenctis ifienale spline ofeddiet o
di spose a coil, whereby the dianmeter of the cylindrical nmenber 29 can be

i ncreased RELIRI Byt y27 TALS) tBpnBalenEPdilafettdr dfoathea bl | 0BckRre SRRPF 81
can be increased, a ball screw 83 having a Iar%e rated capacity can be

used, and HELVPLERERGIRDIHFAGCe M Hhe BB 2Asat gldshipes 58 Fhgtedffon
ol i ng_ coHTREF: GG o Soide] ST anAfaEhed SPATRCRISe paPar Tt He AT ow
25 and 1 hoPREany WeT ok b B8 Bl SRebCHrBla et edor Tl o ofle PRI
{ransi 1t o GrRegl |y HRer RS TErRr) Herepl U FELCRL YR HASEned, 46 he end

since the gl@foh Y 49 aERe 188 addobheohakl oscrew shaf he8L 8hg desprsed
in [SLSCh a manner as to extend through the cylindrical nmenber 29, an encoder

forl,) det eghiingrid hehpdr 23! bpReRd oof tH®oles et 2)0 wbBk Hor2 3wt the
attached to the cylindrical nmenber 29. Next will be described a second

enbodi nentprogrészeoprweaeindi exchahging clapabl meohuti7ecdn bg dimplifitedt i onal
speed of the netering notor 22 w thout use of an encoder. Structural
features sim | ar Moweoherse 16f a tdpd 1he ruaree fbembdrent the € ndenotiedubferamtish
reference nunerals, and repeated description thereof is omtted. FIG 3
concept ual3urfepeved 4heigildadrinelappahent 49, adtoithielpass ofethe 2ylindrdgal
enbodi rent of the present invention, FIG 4 conceptually shows a

rot at i onalmefSeBRHEPBEY GRRVENLY Be IBERATFCENIFATIERELY FI &Y PIERShedT FhEy

Shous a1, CSRUILL SeoBOII D 003 HERREEL LR b L1, SE50d suhgd pEnL anc
In this cage.nbidaridd d8hESH 1 chOL A998 AEEHn %r WAE cylindrical
member 29 can be decreased. Accordingly, it is possible to prevent the
diameter of the rotor 26 from increasing excessively and to reduce the
{ ) radial dimension of the metering motor 22. As a result, the rods 63 can
be disposed inside, whereby the size of the injection apparatus can be
reduced.

Further, at the time of assembly, maintenance, etc. of the
injection apparatus, the ball screw 83 1is built into the injection
apparatus along with the support member 65 and the bearings b7 and b8.
Such building-in work must be performed as follows. First, in a state in

which the spline nut 27 is removed, the ball screw 83, the support member



metering notor 22, which serves as the first drive section) in a

noncont acti ng manner, an annul ar gear 88, which serves as an elenent to be
detected, is attached to the rear end (right-hand end in FIGS. 3 and 4) of
the cylindrical menmber 29 of the rotor 26 via the spline nut 27, and an
out put sensor 100, which serves as a detecting elenent) is attached to the
rear annul ar nenber 24 at a predeternm med circunferenti al position in such
a manner as to face the gear 88. The gear 88 and the output sensor 100
constitute a second rotational -speed detector. The gear 88 is nade of a
met al . For6%x&npl e eashigm bi ,aIF &8 are dupltiriitiot phefinjeetorl @pparatushe
present enbodi nent, 256 teeth 101) are formed on the detection surface of
the gear S¥T&r Phaddeths kPPRI® pPlicigelorngddom thatigwer 10irchafdrentiad eurface
predeterm ned tooth 101. That is, the , i teeth 101 and the cutouts 102

f or m pr oj e it8RsSBhE 8UEssed SoRr el tddPER tNeSH 18R rgEBEECBENY (i theblte g@1eThe

out put sensar. 100 ingludes a gnet. As the gear 88 is rotated through
rotation o?pquﬁg $7o‘t o%u'?%e,q“{eﬂEﬂ’gi e P ine tikiten’ (i 2ERghede torthenBeg #ndgg

dth . ' di d ' [ f

The goar ot “PReRERDaant RAPHE ARG B A0 o T B enor at ed by tho.
10 ; | | I gl iQn. T

Gi'stortion of maghotle s fisEeer, el (A, e LATTORTY B3 'S5 Ble. Bonor°

signal, thensby @enekst LY i 6686t bePhraikdsali 1 HRIPOSER 10k AP RASS

| ndirigRsOr

out put, a phase B sensor output, and a phase Z sensor output” as shown Fn
FIG 6. Thangdpémaiti potwdedNgle FEmSRNEpI hedaf®theOhd 1@ sPBinel BE, pﬁ‘ﬂﬁ?ef%r' nd
phaie- B sensor outputs are generated by the teeth 101) and the phase
senso) outyhet time geqeiraterbrbyhd haitdiinguin 33k cHACHH FASBtSNeaNardNasSi ndss
sensor outputs assune a pattern such that a high |level and a |ow | evel are
al t er nat edrfataspemiuligt,e maimerhapee ¢chefs,. vhermasnhhecqghasiote IMASOLh® Utspdl e
assunes a pattern such that a hi gh | evel continues as long as two pitches
at a predcirding @d thenmale sopbre P& ceIstbintef a tiesatibine tranamissiprakedtions t he
out put sensor 100, the controller 98 reads edges of the sensor outputs and
detects, GWdt hee feErLe SPlinafonabbiteha Higpht tnamanisysadetanense anst sheng
not or 22 an(i! thel.Eos'tion absol ut e gOSitio% of a certain pole of the
rotor 26 JREHPLHET MEnERSLAEYHFE: 2 FCONd ChRiMigSI® eHRIeBEesent enbodi ment
t he annul ar gear i s used as..an_elenent to be detected and |s attached to
the spline nut 2?&‘%%3%%&??”{?1%6 g8are'gge Pt?élgPe%Fr%{‘é%aOWthht e RATSrLre
t ape whos f h o€ r o] L ons, f .t her eon et chi ng.
Tho tape SUar rikad o o iFRs oy rdl; chek O RRERTEEEE 52 PRY ERrhe
nut 27. Alf9de idmb&i $8CRHL thé BERIRE NS PLRLADY! A0S rBhadyN1 I AP Remidf 8§ €
cause magnetic lines of force generated by the output sensor 100 to be
di stort ed ishrotughdelreehe anggrat derédtdustdroin rEversd SkoRddden, afndmBRRethé
lines of force is converted to an electric signal, thereby generating a
det{ac)ti on wIrgral 2 ci@mposatkdohcaophiagdy A dieaothe uiqrelr, 26 FNa$6pfed &YS ke
26

force of restraint generated through the metering motor 22 being brought

into the second drive mode, rotation of the rotary slide member 68 is
restrained, so that the rotation of screw 12 is also restrained.

The rear end of the inner circumferential surface of the rear
annular member 24 and the outer circumferential surface of the spline nut
27 are in slidable contact with each other via a seal 31, which serves as

a second sealing device. The rear annular member 24, the cylindrical body



out put, and a phase Z sensor output. According to another alternative

nmet hod, a magnetized coating | ayer, which serves as an elenent to be
detected, is fornmed on the outer circunferential surface of the spline nut
27. Magnetic lines of force, which vary with rotation of the spline nut 27,
are read by the output sensor 100, which serves as a detecting el enent.
According to further alternative metHo8, a | aser beamenitter and a | aser
beam recei ver, which serve as a detecting elenent, are di sposed on the rear
annul ar nmenber 24 at the respectively predeterm ned positions) and a

refl ector zhdthe dearingvbice anseithe seelanl deéinme firdtelueticentdhaaber 32.

di sposed on the spline nut 27, thereby configuring a rotational -speed
detect or. The fHrsf dplnicant |chgeberp@dnisehilleddwitionfehexpaple, Besaseehicdr is
reflected by the reflector, and the reflected beam generates a diffractive
i nterferent®Vsst 8rd jubrigantourBe 6v1padricid MRMBEYRShéhg| retarthesllideer
beam receiver reads the diffractive interference pattern to thereb

gener at e PFEEBERG 0PSRN MY, 308 Bierssdt off defing & ﬁﬁ%q@o%fl'i’félﬁaéﬁ

i nj ecti il b ibed. t Fi i teri

it T st STBABRR s | e sepad Tt it ehabel ha3 dBrtiller oiiida Ui Pesars,)
for . . ' . ! R

Fret o VEeRSEs! 10 ety dehe STy Bobarah e TorhS 0 Ufdlneaf! fhup1er

rotation M%@tﬁdtsﬁrbst he édﬂﬁngflli%ge' 8n tumalilg%ﬂt%tae&a hapk n%%cﬁﬁ‘c?—zz%ﬁ/d gnkhe

spline nut 27 and e rotary s menber o thereby rotate the screw

12 in the fiegyl Aibrdbac thaber! 52 1 hixSs&dng, 1uibrd €4:8€ Sup Eﬁipaaﬁbsg%efcﬁ%m%e' by
thefggtput 27 sensor 100 is sent to the controller 98. On the basis of

t hel t ectiromhei gylandri &€l eeabepl 1L s098s drt eshsudftateotind irapat sppadaat the

metering notor 22 and perforns feedback control. This rotation of the screw
12 causes amambérusSeraidethe escond Mbrdbamt epsmferosd.an unil | ustrated hopper

di sposed on the heating cylinder 11, to advance al ong the groove formed on
the outer circunflr &hisatassur vher aoslidings oot decand behwees the fegadey 12
to retreat (nmove rightward in FIGS. 3 and 4), whereby the resin is stored

in a spacSPléatiograhddthe immer seirewnfreeatial sumface jofethe HPlive daitoRT

retreat induceg on the screw 12 causes_the rotary slide nmenber 68 to

retreat r&%%t L8 1318 FRLLPRi Hor TR SERhpt SIddenagaidstothe ySuqqtde iABADer

68 retreat h %lfl screw shaft, .81, ¥\,hich serves as the first conversion

el enent, icérgg fgeé" B #1 éPFeaae i ¥ PY ]e{{dirﬁﬁéfluﬁmgﬁ%s%gnj e%qqpﬁiofﬁ’o@é%? an

uni | 1 ust r glgdsd 8 CH AR OE AN 3TREAN S Ok el b2y Sbaifhd B

i nj ec_ti on processing, tc_(:)ﬁ'{ herazﬂgilf/a g%jt]?e tsqﬁegf n}%c%&yﬁ‘e? ‘tgre"’1 efgfo%réagg?e.

At this tigeend R8qEALEONHBCEEL AE €8 can be prevented. Moreover, the seal 30
i1s disposed at one end portion; i.e., the front end, of the cylindrical

/ ) member 29, and the spline nut 27 is disposed at the rear end of the

cylindrical member 29. Therefore, the capacity of the second lubricant
chamber 33 can be increased, and a sufficient quantity of grease can be
accommodated within the second lubricant chamber 33. Therefore, grease
can be supplied reliably between the female spline on the inner
circumferential surface of the spline nut 27 and the male spline 67.

Further, the first lubricant chamber 32 can be formed by the

contact of the seal 31 and the cylindrical member 29 in such a manner



by the injection notor 90 is transmtted to the ball screw shaft 81 via the
connection portion. The ball screw 83, which serves as the direction- ,

of -notion changi ng section, converts the rotary notion to a rotary,
rectilinear notion. As a result, the ball screw shaft 81 is caused to
advance (nove leftward in FIGS. 3 and 4) while rotating. Al so, the

i nj ection processing means causes thel fetering notor 22 to operate in the
rotation restraint node, to thereby control the rotational speed of the
rotor 26 to O (rpm for generation of the force of restraint. The force of
restraint itbat rthashéngtddof ccheheyltdamigalinedbeme?heais 68ialily theresseidne In 28
nut 27, to thereby restrain rotation of the rotary slide nenber 68, which
rotation wobisl cgisker W& eopeesbisEd yhe et &eonedl fdr gadt ¥imenilindnicad t he
rotary slide nmenber 68 via the ball screw shaft 81. As a result, the screw
12, which Pengext Yruill ybenpmatinrated t ABUS ofthe T NSt gkibrd AdRst cHRUDETS 32 Raked
to advance without rotation. In this case, the load cell 96, which serves
as the injBetSe8ted St Vdet ect or and as the dwel | pressure detector, detects

f ds, 2. def | | .On
oD T eetl on {0158 1200 SRR, SR SR IR AP b . 2R,
bet f t h f
det ectton STar RS Rl p R gﬁﬁé&?’“’%oﬂ‘g %hsﬂ’e‘%%%f%? o §h9per$o° 3
feedback cgniyigl. %E”?]éﬂeséﬁéwe‘é’a%c‘lﬁ%&é"‘ésﬁglef %Sgg‘%l %ﬁﬁﬁﬁea d Sl?

above, the resin, which is stored int e screw

head, is i gkegtethdy %heersmﬁcetlémn&oal eme n&Prééﬁona‘éE‘Lhiogioﬁnchanglng
unlklgstrated nol d apparatus so as to fill the cavity. In order to prevent

backf low ogeddi®nt esidnasbaredut 2, hﬁhﬁ@ﬁ@@r{émabeﬁi send @nvehsidceesndigad,
an unillustrated anti-backflow device is di sposed around the screw head.

As descri befl thbodirect iun-gearotd8n ichangimchectibon. t Iiher ieslrl scebwokhdfite 81 and
cylindrical nenber 29 via the spline nut 27, and the output sensor 100 is
di sposed i bheoppddinutod? taret sereyeangagdd Withseadvofhehoudhe tbad 1 nstrewi sgpfitot or
22 enpl oys the hollow rotor 26, the rotational speed of the netering notor
22 can be Bbtideledes Fhewaddodiamefker ahipfify RoABIGR 8Yer 2 arse-Eiapeten \Ehr&idede

t he permanent magnet 28 can be used as a conponent of the rotor 26, there

i s no needP?Wriodi %‘-’po§f‘ﬁgafh“&b}]r“StTﬁE‘?deFBP%ec'“tlﬁé PO tdeR kAT COQ@%B&r‘é&f@s

can be reduced in
% 1n3ec%1on motor 90 serving as a second drive section, which are

sequentially formed from the front end of the ball screw shaft toward its
rear end. An annular flange member 89 is externally fitted to the
shoulder between the shaft portion 84 and the threaded portion 85.

( ) Incidentally, rotation generated upon drive of the injection
motor 90 is transmitted to the ball screw shaft 81. The ball screw 83
converts the rotary motion transmitted to the ball screw shaft 81 to a
rotary, rectilinear motion, to thereby rotate and reciprocate the ball
screw shaft 81.

For such operation, the ball screw shaft 81 is supported, at its
front end by bearings b7 and b8, in such a manner as to be rotatable and

axially immovable relative to the rotary slide member 68, and is rotatably



Since the need to dispose a coil is elimnated, the dianeter of the
cylindrical nenber 29 can be increased accordingly. Thus, a ball screw 83
having a | arge rated capacity can be incorporated, and heavy | oad nol di ng
can be perfornmed. As a result, the injection notor can be reduced in size,
and can be operated under heavy | oad nolding conditions. Since the detector
of, for exanple, a magnetic type or & Paser slit type is a non-contacting
type) stable rotation can be generated even when the nmetering notor 22 is
driven at high speed. Further, the arrangenment of the netering notor 22 and
t he i nj ectangagewdtwithodnd suppertddangethd hailictuta 8Aeatertst bertterhe Thitedsi on
notor 90 is attached to the injection support 21. In this case, a nale
spline is thernt@rprskide nember 68eks ghapapedfin Buclh gl panneresd $habe retiatabée vi ng
as a first conversion element, or the ball screw nut 82, servi.n? as a
second corffdr 3xiAl 9l éREqiablante latave He e Lald| prrevadd - a Al blugraked of
the spline nut 27, which is attached to the side face of the rotor 26 and

serves as BRlPoSHIGWoAS tEOIAH s Pofr Wdc B PRTE o htthEnShAT &t Rertivnops o&ndsa

t itted to the ball, t.81 to th b eci , th
15T ¢ hitag G Tt Heite C{spEsSL RS e Re caheresh hEF s BRI sre e 1ok o
i nf ti al f i ndri , | i th
ccurt rgca st s SaLbee A0 G RO 28 WiheD sonal ke [he
be transm {

. ! 1?@9m1‘grre‘ﬁ€£ Y shPeddie oPatie §E51§'6/¥t8§emm 85, SRIM oS the bearin
di rection-of-notion changi ng nmeans. Therefore, a transm ssion nmechani s
whi ch congj;sts of as an output gear, a counter drive gear, a counter driven

gear., etc. and which transmits rotation of 30 the injection notor becones

unnbc)essary; and rgensat man gofisnei sl fusttadhe® oI i eBSRGRTBEioaf s@pars and
ot her conponents can be prevented. Accordingly) the nunber of conponents
can be redrceds tgentosd icedl of6.t oTirIQchOdSR1¢ans serpesveEntadin gedicoToreé t he
i njection apparatus can be reduced. Further, since a space for disposition
of the firdetecharviorsdetéainingam bejectic édree Berd ias) @ciwedh repsurat detecsor be
reduced in size accordingly. Mreover) even when the arrangenent of the

met eri ng rf@Fﬁe@Ethgdatmlﬁrﬁr@%ﬂ@n motor 90 is changed in such a manner
that the injection notor 90 is attached to the injection suggort 21,

rotational speed ICOFAEIEYY e¥BFRHTABELP™ FFREERT b WHEPRER APCBGT 1R O8f tiRar s,
o0 QU P S020Lce Sh) i Bk R B SR T b B
of the prde8ntalnskiE: BREFERY 1RSI BBREGTRHST, e bRE! sBbel Wpihhe
present | rh\ﬁe"ﬂg'gamsed to advance or retreat while rotating, since the threaded
portion 85 and the ball nut 82 are engaged with each other.
; ) The motion of the ball screw shaft 81 consists of a rectilinear
motion component for causing the ball screw shaft 81 to advance or retreat
and a rotary motion component for rotating the ball screw shaft 81. The
rectilinear motion component and the rotary motion component are
transmitted to the rotary slide member 68 via the bearings b7 and b8.
In the injection process or a like process, in which the rotary

Slide member 68 is caused to advance or retreat without rotation, the

metering motor 22 is brought into the second drive mode; i.e., the



31 WHAT VE CLAIM IS 1. An I nj ection apparatus, conprising: (a) an

i njection franme; (b) a cylinder nenber attached to the injection frame; (c)
an injection nmenber disposed within the cylinder nenber such that the sane
can rotate and can advance and retreat; (d) a rotary slide nenber attached
to the injection nenber; and (e) a stator attached to the injection frane,
and a rotor disposed radially inward ofl the stator to be rotatable relative
to the stator; (f) the rotor conprising a hollow, cylindrical nenber

di sposed radially outward of the rotary slide menber and novably relative
to the rotBPiaKPndReSTEAbRY modad andnhlmdniaetiaoheatqro 9Phts dyprehly iingp the
menber. 2. An injection apparatus as described in claim1, further

conpri si ngdBiVeaBPdey NRRTRRY TOtREIRmOFyEhG FRtarNesS]iflecBenss $§ dgerestrajped,

i nj ection apparatus as described in claim]a,r wherein the. stator and the
rotor constht uFRIS e SOTArPVE LLee PORP Y Godt PROSERBLLY OVeR AiFnauide
menber in a tering process. 4. An .njection apparatus as described in
Claim 1) WhEHHAR nASSE JESPLand PREIIIGH BERAT bar daaSeHdsAdCeN eeS TR i on
for axially,mying the gé‘r sl.i.de e[,.in an injection progess, 5. An
o ecti on Soparabsioarbe B g air ERedF TBnine Telfhan T6e wBnplt NS Fnerapy
direction- pfs WPLLPRL CRARGLANG SEGHLSke PhoveCWGIhAd1d ndr Ot Y Y

Next, the operation of the thus-configured injection apparatus
will be described.

( ) First, in the metering process, the metering processing means of
an unillustrated controller performs metering processing, whereby the
metering motor 22 is brought into the first drive mode and is caused to
operate in the mode. At this time, rotation generated on the rotor 26 is
transmitted to the screw 12 via the spline nut 27 and the rotary slide
member 68, to thereby rotate the screw 12 in the regular direction.

This rotation of the screw 12 causes unillustrated resin, which
drops from an unillustrated hopper disposed on the heating cylinder 11, to
advance along the aforementioned groove formed on the outer

’ ) circumferential surface of the screw 12, and causes the screw 12 to
retreat (move rightward in FIG. 2), whereby the resin is stored in a
space located ahead of the screw head. At this time, the force of retreat
induced on the screw 12 causes the rotary slide member 68 to retreat
relative to the spline nut 27. As the rotary slide member 68 retreats,
the ball screw shaft 81 is caused to retreat while rotating.

In the injection process, the injection processing means of the

controller performs injection processing, to thereby cause the injection



notion generated at the rotor to a rectilinear notion and for transmtting
the rectilinear notion to the rotary slide nenber. 6. An injection
apparatus as described in claiml1l, wherein (a) the direction-of-notion
changi ng section conprises a first conversion elenent and a second
conversion elenent; and (b) the first conversion elenent is supported
rotatably relative to the rotary slide2nmenber. An injection apparatus)
conprising: (a) an injection frane; (b) a cylinder nmenber attached to the
injection frame; (c) an injection nmenber disposed within the cylinder
menber suchotémt9d He saeratan rbt dthd sarkd neanthelveatss iamd gesereted Kw)the
rotary slide nmenber attached to the injection nenber; (e) a stator attached
to the injésiedsrionr apegr Hdia traNGmistepdra dder bell isoyernskalit & vhe et or
to be rotatable relative to the , stator; and (f) a rotational -speed

det ecting 5&e2Ye0R5t 8Rd ddteeEP HRE POrGEaR | $inal T8pCRA LSCFRB §D1HRVeTE) ke
rotational -speed detecting section conprising an elenent to be de&ected,
the el ement?© |Yn5°5{?‘hé’1’?eg FLaL Yol $ U, 1 186 RT ﬁ‘lf‘rtilear fEnBeF et he UPBt B
upon rotation of the_rofor, and _a detecti el e t_disposed _[n Qpposition
16 the el el chitle ehereruiy 18 ARigRoh Hiaf (ERRGing RPST £hd HBEH o
inclaim?7 in r pr.qi | r r . '

sur face of PRAGSEr UhaRERs 5 2hsefarech s ehe Uior 22 of; GR7a0E 47 PR F5keelbn
described 0siG13h M ofode &S @hBréby control the rotational speed of the rotor 26

to 0 (rpm) for generation of the force of restraint. The force of
{j) restraint is transmitted to the rotary slide member 68 via the spline nut
27, to thereby restrain rotation of the rotary slide member 68, which
rotation would otherwise be caused by a rotational force transmitted to
the rotary slide member 68 via the ball screw shaft 81. As a result, the
screw 12, which is integrally attached to the rotary slide member 68, is

caused to advance without rotation.
When the screw 12 is caused to advance as described above, the
resin, which is stored in the space located ahead of the screw head, is
injected from an injection nozzle into the cavity of an unillustrated

) mold apparatus so as to fill the cavity. In order to prevent backflow of

———

the resin stored in the space located ahead of the screw head, an
unillustrated anti-backflow device is disposed around the screw head.

As described above, the rotor 26 includes the cylindrical member
29 and the permanent magnet 28, and rotation generated through operation
of the metering motor 22 can be transmitted directly to the rotary slide
member 68, thereby eliminating the need for a transmission mechanism,

which is composed of an output gear, a counter drive gear, a counter



magheti zed detection surface is forned on the elenent to be detected. 10.
An injection apparatus as described in claim7, wherein the elenent to be
detected is disposed to face the detecting el enment in a non-contacting
state. 11. An injection apparatus as described in claim7, wherein the
cylindrical nenber is disposed radially outward of the rotary slide nenber
and novably relative to the rotary skille nenmber. 12. An injection apparatus
as described in claim?7, wherein the rotor includes the cylindrical menber)
and a magnet attached to the , cylindrical nenber. 13. An injection

appar at us dzsvetegear bedrotary| meme?7, ether dhast Hier pinbier orfalcospredtsietaache ng
section detects pole position of the rotor. 14. An injection apparatus,
conpri si ngedygeed, aarfd fhe;cost 3 thy injeatdpprapasratdisecen betredueedneFunshpe,

| ocated radially inward of the frane; %g) a rotor disposed radially inward
of the st &i8fe :FRaLR)fox ABIRASILEPE R mBRIRATERIBHIPEQTr ZA1icaR| he inpdured of
the rotor) the rotary slide nenber being reciprocated along an axi al

di r ect i on,tRANEYEFH Oe§PPAFa kIS Gﬁ%tqeoFPdtqu%slﬁ*i SO ACUELNSY f or med on a si de
face of the rotor, axjal novenment of th égtary slide nmenber_is perni%%ed)

I
and rotation of tW§§ Pot" p%TT?ﬂ?“ﬁeH@ﬁﬂel §5r 2313 ICOPRYISS O A&ﬁq|ﬂ°éefi
apparatuseﬂﬁmgggégét%ﬁ% h@eglé%rgfg%bs@hgrg%{ifiwhereby the diameter of the

cylindrical member 29 can be increased accordingly. Thus, since the
diameter of the ball screw shaft 81 can be increased, a ball screw 83

( ) having a large rated capacity can be used, and heavy load molding can be
performed. As a result, the injection motor 90 can be reduced in size,
and can be operated under heavy load molding conditions.

In the thus-configured injection apparatus, the hollow cylindrical
member 29 is disposed in the rotor 26, the cylindrical member 29 and the
rotary slide member 68 are connected to each other, and thus rotation
generated through operation of the metering motor 22 is transmitted
directly to the rotary slide member 68. However, in this case, since the
rotary slide member 68 and the ball screw shaft 81 are disposed in such a

P ) manner as to extend through the cylindrical member 29, an encoder for
detecting the rotational speed of the metering motor 22 cannot be attached
to the cylindrical member 29. Next will be described a second embodiment
of the present invention capable of detecting the rotational speed of the
metering motor 22 without use of an encoder. Structural features similar
to those of the first embodiment are denoted by common reference
numerals, and repeated description thereof is omitted.

FIG. 3 conceptually shows an injection apparatus according to the



| ubricant chanber is fornmed between the rotary slide nenber and a
cylindrical nenber which constitutes the rotor. 16. An injection apparatus
as described in claim14, wherein a seal nenber is disposed on an outer
circunference of the rotary slide nenber in such a manner that the seal
menber is in contact with an inner circunferential surface of a cylindrical
menber which constitutes the ,, rotoré2 47. An injection apparatus wherein
(a) an airtight first lubricant chanber is fornmed between a frane and a
rotor; and (b) the first lubricant chanber is connected to a second

| ubri cant &eaptbenpodinanti alitde presenst trvenhion;d&IGt ot soppéptualby st 4 0
t he 35 second | ubricant chanber. 18. An injection apparatus as described
in clai m17Ptaenal roragd dgtestor Jpr thausecenthspbodiment priEsd % trewapéctively

di sposition_of a seal nenber between the frame and a rotation transn ssion
section. SRR¥ASN gSSontdal pertigy of a gear seckiom iy the second embodiment;

A . , A H As! . A
A ALH ASHaﬁ ’Ffb. g*shows an output from a detecting element in the second

embodiment.
In this case, in order to detect the rotational speed of the
metering motor 22, which serves as the first drive section, in a
noncontacting manner, an annular gear 88, which serves as an element to be
(W) detected, is attached to the rear end (right-hand end in FIGS. 3 and )
of the cylindrical member 29 of the rotor 26 via the spline nut 27, and
an output sensor 100, which serves as a detecting element, is attached to
the rear annular member 24 at a predetermined circumferential position in
such a manner as to face the gear 88. The gear 88 and the output sensor
100 constitute a second rotational-speed detector.
The gear 88 is made of a metal. For example, as shown in FIG. 5,
a plurality of teeth 101; in the present embodiment, 256 teeth 101, are
formed on the detection surface of the gear 88 at predetermined pitches,
and a cutout 102 is formed on a predetermined tooth 101. That is, the
teeth 101 and the cutouts 102 form projections and recesses on the
detection surface of the gear 88. The output sensor 100 includes a
magnet. As the gear 88 is rotated through rotation of the rotor 26, the
distance between the surface of the gear 88 and the output sensor 100
varies according to recesses and projections of the gear 88, thereby
causing magnetic lines of force generated by the output sensor 100 to be

distorted through electromagnetic induction. The distortion of magnetic
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10g According to another alternative ‘method, a magnetized coating
layer, which serves as an element to be detected, is formed on the outer
circumferential surface of the spline nut 27. Magnetic lines of force,
which vary with rotation of the spline nut 27, are read by the output
sensor 100, which serves as a detecting element.
According to further alternative method, a laser beam emitter and
a laser beam receiver, which serve as a detecting element, are disposed on
( ) the rear annular member 24 at the respectively predetermined positions,
and a reflector and a slit, which serve as an element to be detected, are
disposed on the spline nut 27, thereby configuring a rotational-speed
detector. In this case, a laser beam emitted from the laser beam emitter
is reflected by the reflector, and the reflected beam generates a
diffractive interference pattern in the course of passing through the
slit. The laser beam receiver reads the diffractive interference pattern
to thereby generate a detection signal.
Next, the operation of the thus-configured injection apparatus
‘ ) will be described.

First, in the metering process, an unillustrated metering
processing means of the controller 98 performs metering processing,
whereby the metering motor 22 is brought into the first drive mode and is
caused to operate in the mode. At this time, rotation generated on the
rotor 26 is transmitted to the screw 12 via the spline nut 27 and the

rotary slide member 68, to thereby rotate the screw 12 in the regular

direction. In this case, a detection signal generated by the output
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81, which serves as the first conversion element, is caused to retreat
while rotating.

In the injection process, an unillustrated injection processing
means of the controller 98 performs injection processing, to thereby cause
the injection motor 90 to operate. At this time, the rotation generated
by the injection motor 90 is transmitted to the ball screw shaft 81 via

. ) the connection portion. The ball screw 83, which serves as the direction-
of-motion changing section, converts the rotary motion to a rotary,
rectilinear motion. As a result, the ball screw shaft 81 is caused to
advance (move leftward in FIGS. 3 and 4) while rotating. Also, the
injection processing means causes the metering motor 22 to operate in the
rotation restraint mode, to thereby control the rotational speed of the

rotor 26 to O (rpm) for generation of the force of restraint. The force

of restraint is transmitted to the rotary slide member 68 via the spline
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YGl W () -the detection signal, the controller controls the changeover between
filling and dwelling. As mentioned previously, on the basis of a
detection signal from the output sensor 100, the controller 98 performs
feedback control.

When the screw 12 is caused to advance as described above, the
resin, which is stored in the space located ahead of the screw head, is
injected from an injection nozzle into the cavity of an unillustrated
mold apparatus so as to fill the cavity. In order to prevent backflow of
the resin stored in the space located ahead of the screw head, an

{ ) unillustrated anti-backflow device is disposed around the screw head.

As described above, the gear 88 is attached to the rear end of the
cylindrical member 29 via the spline nut 27, and the output sensor 100 is
disposed in opposition to the gear 88. Thus, even though the metering
motor 22 employs the hollow rotor 26, the rotational speed of the metering
motor 22 can be detected. Therefore, metering can be performed smoothly.

Since the permanent magnet 28 can be used as a component of the

rotor 26, there is no need for disposing a coil. Therefore, the injection



10g 10g

10g, 510%g& () - bYbdLddddaB_@f 1 .: 109& ()-F, 109& ()-F*Z"109%& ()-'!L()10%& ()-F

Z"10%&' ()- ,t10%& ()-deeeeeOyggbhC! 3@ 10%& () -
S 109%&' () -3m' 109%&' ()-2zY3109%&' ()- 10 10

10FLOZ" 109 () -t gl hkh] i1] M aBbCl 39" 100 () - 3@¥Y" 10% () - ! 10% () - 3Y" 10%

'()-s!S&10%>& () -3

F'109%& ()-Mjj' knkkkaBbCl, 90" 109& () - 3Y. 109& ()- 3y, Y" 109& ()-3*Y"109& ()-!s
() LO9ME' () - nB&Y" 109%&’ () - k6l 111111 0bC F* 10%& () -1 GLO%& ()- 10 10
10 10 10!

1035Y" 10%&rp3ra33y" cEpRe (NedBoed' 100'2¢) - oogsssssszl *P1F10%g& () -
*" 1098 ()- *"10%& ()-!LT&LO%& ()-y! SS@LOY%E ()- Mstt

uRuuudB’\ P1F10| f Senpesthe pged 341 @Ltmj)&e(a} -Qogay 1@%&m{f)aqe§m'H@/@&ameter‘leﬁ/g&' (

Z"10%

-1"109%g&

9&'()-'()1

B"P1F1 1 W -|L 10%g& -1 Z"lO0 &
UXXXd)({)l i;ia 0‘3@ 0 cz-ea(s)ed accog-%ilngly () bai

Do o ToReEeT V8] B9 %%%&Teyg%ﬁa%%ﬁgﬁggﬁ@# %f)lftw?%f‘%sedss@m 1868YY) -

L109& ()
10F5F" 100/

B Rt it ¥O S eRBRgr ) M1 TooREY) D VIHEL T MU £59PY) - pg

tSOVTT 10l by & (312@ af@%%%@b;(e)ra'tec@u%&« (ea P2 doraing Ve {oiofs.

Since the detector of, for example, a magnetic type or a laser
slit type is a non-contacting type, stable rotation can be generated even
when the metering motor 22 is driven at high speed.

Further, the arrangement of the metering motor 22 and the
injection motor 90 can be changed in such a manner that the injection
motor 90 is attached to the injection support 21. In this case, a male
spline is formed on the outer periphery of the ball screw shaft 81,
serving as a first conversion element, or the ball screw nut 82, serving
as a second conversion element; and via the male spline and a female
spline of the spline nut 27, which is attached to the side face of the
rotor 26 and serves as a rotation transmission section, rotation of the
rotor 26 is transmitted to the ball screw shaft 81 to thereby reciprocate
the screw 12, In this case as well, the permanent magnet 28 is provided
on the outer circumferential surface of the cylindrical member 29, which
constitutes the rotor 26; and rotation generated upon drive of the
injection motor 90 can be transmitted directly to the ball screw 83,
which serves as a direction-of-motion changing means. Therefore, a
transmission mechanism which consists of as an output gear, a counter

drive gear, a counter driven gear, etc. and which transmits rotation of
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loss can be prevented, and cost of the injection apparatus can be
reduced. Further, since a space for disposition of the first drive
section can be reduced, the injection apparatus can be reduced in size

accordingly.

Moreover, even when the arrangement of the metering motor 22 and

Pl 8
. 3
p

the injection motor 90 is changed in such a manner that the injection
motor 90 is attached to the injection support 21, rotational speed of the
injection motor 90 can be detected by use of gears, an output sensor,
etc., as in the second embodiment.

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.
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WHAT WE CLAIM IS:
1. An injection apparatus, comprising:
(a) an injection frame;
(b) a cylinder member attached to the injection frame;
(e¢) an injection member disposed within the cylinder member such
that the same can rotate and can advance and retreat;
(d) a rotary slide member attached to the injection member; and
(e) a stator attached to the injection frame, and a rotor disposed
{f) radially inward of the stator to be rotatable relative to the stator;
(f) the rotor comprising a hollow, cylindrical member disposed

radially outward of the rotary slide member and movably relative to the

rotary slide member, and a magnet attached to the cylindrical member.

2. An injection apparatus as described in claim 1, further

comprising a casing formed integrally with the injection frame.

3. An injection apparatus as described in claim 1, wherein the
stator and the rotor constitute a first drive section for rotating the

rotary slide member in a metering process.
4, An injection apparatus as described in claim 1, wherein the
stator and the rotor constitute a second drive section for axially moving

the rotary slide member in an injection process.

5. An injection apparatus as described in claim 1, further
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10 10 10 1gotion generated at the rotor to a rectilinear motion and for transmitting

the rectilinear motion to the rotary slide member.

6. An injection apparatus as described in claim 1, wherein
(a) the direction-of-motion changing section comprises a first
conversion element and a second conversion element; and

(b) the first conversion element is supported rotatably relative

(j) to the rotary slide member.

7. An injection apparatus, comprising:
(a) an injection frame;
(b) a cylinder member attached to the injection frame;
(c) an injection member disposed within the cylinder member such
that the same can rotate and can advance and retreat;
(d) a rotary slide member attached to the injection member;
(e) a stator attached to the injection frame, and a rotor

supported radially inward of the stator to be rotatable relative to the

s,
i"b—»’

stator; and
(f) a rotational-speed detecting section for detecting a
rotational speed of the rotor;
(g) the rotational-speed detecting section comprising an element
to be detected, the element being attached to a hollow, cylindrical
member to be rotated upon rotation of the rotor, and a detecting element

disposed in opposition to the element to be detected.
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to be detected.

9. An injection apparatus as described in claim 7, wherein a

magnetized detection surface is formed on the element to be detected.

-
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10. An injection apparatus as described in claim 7, wherein the
element to be detected is disposed to face the detecting element in a

non-contacting state.

11. An injection apparatus as described in claim 7, wherein the
cylindrical member is disposed radially outward of the rotary slide

member and movably relative to the rotary slide member.

12. An injection apparatus as described in claim 7, wherein the
. ) rotor includes the cylindrical member, and a magnet attached to the

cylindrical member.

13. An injection apparatus as described in claim 7, wherein the

rotational-speed detecting section detects pole position of the rotor.

14. An injection apparatus, comprising:

(a) a frame;
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(e) at a rotation transmission section formed on a side face of
the rotor, axial movement of the rotary slide member is permitted, and

t ) rotation of the rotary slide member is restricted.

15. An injection apparatus as described in claim 14, wherein a
lubricant chamber is formed between the rotary slide member and a

cylindrical member which constitutes the rotor.

16. An injection apparatus as described in claim 14, wherein a
seal member is disposed on an outer circumference of the rotary slide
member in such a manner that the seal member is in contact with an inner

. ) circumferential surface of a cylindrical member which constitutes the

rotor.

17. An injection apparatus wherein

(a) an airtight first lubricant chamber is formed between a frame
and a rotor; and

(b) the first lubricant chamber is connected to a second lubricant

chamber formed inside the rotor in order to supply lubricant to the
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second lubricant chamber.

18. An injection apparatus as described in claim 17, wherein the
first lubricant chamber is formed through disposition of a seal member

between the frame and a rotation transmission section.



