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DRI VE ASSEMBLY FOR ROTATI NG AND TRANSLATI NG A SHAFT
TECHNI CAL FIELD 5 This invention relates to drive
apparatus for rotating and translating a shaft. The
invention is particularly useful for driving a
pl asticati ng. scr e¥v of an in ect L on- ol di ng.m machi ne

A Q

Mor e SEATING A GHAFT

appar at us for rotatlng and reC|procat|ng a

pl astici zi ng screw of EBCHNICAR| EEEL®N- nol di ng machi ne

wherein the screwis rotated by a hollow electric

not or and reC| cat ed by draulic |st
TBACK O PRSPV o 1 TREraSabhT | Rgi opptating and
tmsdmlagdahwﬂém' CTBESBOMSHtDOrdriS/epfalﬁdlcwl@tréweUseful for

dﬂ&ﬁ%%b'Qﬁtbfﬁbéﬂaé%M%gl%u%ﬁ&wwa H%%EY§§@c€EHHim%ﬁd&h§ machine.
conbi n ng?the advant ages 0

I PR RSEPa T o ot L T Dl BSPFEat g B g RIREREHS for
rofgitigda hydr autecipicstadnnto arovielattildmgnbw sere®0 of  an

ere%tlBﬂtﬁaidJE\!Q% ﬂlaéf;)ﬁmé4zmtege§hub;bl% descdy b§§ afo%grc@w by a
rota ed e ri ve roma
e TS R TR S A I S oS Sy

screw has a splined shaft end to permt sliding of

the shaft throughather@8dy oRoudr teenTitar U. S. Pat ent
4,895,505 to Fanuc Ltd. déscripbés a linear notor for

noving an injection screw linearly. The |inear notor
Thenchselesfa hedriipes moftoper radent ydregnetrs ratdtacked:-¢ odthree and

r SRS p@gs@'ﬁ_@gf:%@ gé‘ka.lwsr gactWihh hhg @t errﬁ?ﬁe‘ RF the known
%!rent S%P ﬁ%@ the surro ndln%%stat Mﬁ?d ngs. .
4% Cused eﬁéﬁr SHeRY 6t REVAQFR%E Ur 8T afig-tHE Motors to
reortew tdlabt aat t achied to:tehe variiat uséng Thehypatgntc piston to
mARSGhi hesqthei 4se of a hollow notor to nobve a screw
shaft Ilnearly 35 The U. S. Patent 5,540,495 issued

7/ 30/ 96 to Krauss-Maffei describes an extruder screw
U dii viatelmat Noncliudes, &d¥i £st Shoblor ddorriteans atdrmey extruder

rcm-évc%@ent)y‘)fa t B@a§crc§wv%ndf§o§e%queﬂ@&9fié Ohotor and moved

lengthwise by a hydraulic piston. The screw has a splined

shatt end to permit =sliding of the shaft through the gear

drive.

The U.3. Patent 4,895,505 to Fanuc Ltd. describes a linear
motor for moving an injection screw linearly. The linear motor
includes a series of permanent magnets attached toc the motor
armature that react with the alternating current supplied to
the surrounding stator windings to cause linear movement of the
armature and the screw shaft attached te the armature. The
patent describes the use o¢f a hollow motor to move a screw

shaft linearly.

The U.S. Patent 5,540,495 issued 7/30/96 to Krauss-Maffei
describes an extruder screw drive that includes a first motor
for translating movement of the screw and a second motor for

rotating the screw. The described embodiment shows two hollow
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rotating the screw. The descri bed enbodi nent shows two

hol | ow notors. The drive neans for translating the

screw and the slide neans for rotating the screw fit

partially within one another. U S. Patent No.

5,645,868 to Reinhart describes a drive 5 apparatus
moft S SanThAj SE+T HAGHIT ﬁ%‘attrﬁ‘ﬁéllﬂaé%g a“ ol T0vi e 3@t Fhe siide
medis0f ot hat t engagesist berser 8w shaftti athyoughnihree another.

clutches. One clutch provides rotation of the screw,

a second enables forward novenent of the screw and a ,
U-thi r §2preient’e- t her ScréWsf r 6m Fetabiny WiIeibesisa drive
agdpeiraguaoyed f0r nat<ktciNo hydradhbe WAtisded ® ared lusedlectric

mJ%o% t@%&egh QBeslag sQZthQh @%Oé%ﬁﬁhﬁﬁﬁfﬁkgd%ﬁ%Ebﬁgé One

i nject i'g nmachi ne at uses a raul.ic
clmt§floﬁr%ld%\%s?%&a’fawneloécttbiec SABEGr Yr FYFRY £PRdeSangrvara
mddiehie@n mMeChanesmdew lbnd@dwancel tdhepseren:s TheaeU. Srew from

rof%%%gg §m§9é %%4 iésgggnilﬁéggdt?ogggyg th h99§%ﬁinsunlts

an ar angerrent where a screw I's integrall
ar&w“tsﬁ rotor shaft. A notor positioned coaxi aI ly with
rotates the 20 ball screw. The U. S. Patent

EJ§;89§a€£Q%| ued 4%@/%%6tot§ug%%Qg%hg§S %%b%§.ré§%cribes an

I njection appar atus’ t'hat” i ncl ,
LrgleEEE PRTEMO Wt s Maohé Aot BRat s YSftSendedNYBr ot et e Rif§éon  to
affs(irseWaﬁhaﬂ,tac\i\hid: en2oit hrietihgr aneses bhd | engidiwing€hanism to
aale %OEE& ot he two notors are coupled to the

shaft. Fotor is located in a separate chanber.

U. S. Patent No. 6,068,810 to Kestle et al describes an
Th%Ou' 13j. eChic @At UR] t0haddng saugdi bl/8ip8i de Papistioni.t @escribes

ar a%]bJ e&%REagh' %Q %”%a‘i’it ensLon ;of kh%g%ﬁ%%r&@& on the

gtion o draul’ic pressure. t at
rCttWé (:Fllﬂif’ilflt \ﬁhl“&cﬁqrs Pdieseed crexthelpi Yibh thr saghtas the
baspl iseeet;0 thereby rotate the screw. The notor
attaches to the end of the quill. 35 U. S. Patent No.

6, 108,587 to Shearer et al describes an injection
Thepl Hithg BYstem 1 Hatl 4861 udesed HotbdP?of 6o diimiitage describes

an injection apparatus that includes two hollow shaft electric
motors. One moteor is intended to rotate the screw shaft while
the other moves it lengthwise. The rotors of the two motors
are coupled to the shaft. Each rotor is located in a separate

chamber.

U.S. Patent No. 6,068,810 to Kestle et al describes an
injection wunit having a guill inside a piston to enable
retraction and extension of the screw by the application of
hydraulic pressure. A motor rotates the quill, which 1is
connected to the piston through a spline to thereby rotate the
scraw. The motor attaches o the end of the quill.

U.5. Patent No. $,108,587 to Shearer et al describes an
injection molding system that includes a motor for driving
gears to rotate the screw and a  hydraulic piston for

tLranslating the screw.
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gears to rotate the screw and a hydraulic piston for
translating the screw. 40 2 U S. Patent No. 6,478,572
to Schad describes an injection unit that uses a
single electric notor to rotate an extruder screw and
charge a hydraulic accunul ator. The charge in the

%CCW&E@EONd seiiirecied ¢O sdnpkeyde igxtruder \SEEEWen unit
989 descri bes a device for

U. S. Patent 4
thn‘aé:nﬁ\?leﬁg d.sslﬁlsglefrgr%cg hbl #OTPh FReTE8EFi pRgS*Eruder screw
angnbotipmeat sd a holtaowiel eecrioulaptior i s Thsed cherpet aie the

adcheut aker otd shaftcand, astlicﬂ&artheeleggrﬁ&&r Q¥ 1 s
used to nove the shaft linearly. The hollow 10 notor

drives the shaft through a gearbox that enables the
U.Speé&dtent the shif%, X6 bWesvaibed. a Adeaiceal ficer natbvéng disks

rdohe Ppahery. S@HQ%%ESd%@@kl@e@n%Hggéiﬁeﬁgsthﬁayhbﬁ electric
moccﬁllnder coul d_be used he shaft |.i near|

I'n
& eh%od1ﬁ%%tgodeﬁ%?*ﬁ%dth?heta$?ﬁ%ﬁﬁ éé?ﬁﬁté?“is linear
ellegtat edroutsi de ¢$ﬁﬁrtnzmqw%uﬂhﬁuahaftThuseaslprovﬁdeshollow

mo%6r3§§@0@éytﬁéughéﬁ%|ﬁ%&g§5haﬂdgé§§§o§oﬁﬂﬁﬁf @ehLYCt e speed
Pa% E 517,336 to Enote et  al and European
Odeﬁgﬁt RE 6§Bfﬁ%4vﬂFl? Enot® &Psdrﬁgﬁ“ﬁﬁivﬁfeéﬁF%npatent

suggkdiagtsyst empnkavengc achobhlyduael ect cytimibtorcddiat be used

tor q{o%e%ha serew shall, and 29, atpd heSaB bk 0B qeaHSSed, the
e shaft to advance b f connection to a _
LIBAEE SCHSAl Shat b/ SOr7 b SHATT: Ui £he A Qepaf At@iater.  Tais
prget.de s ngn notsmmolet ahes thelagrewand Leoad ¢dre sCrrewtive.
Wth resin. Rotational novenent is provided through a
eIt and pﬁ%ley rr%ggenent that can rotate the screw
n

| ndepﬁéﬁaé % o % 6t GG tHe Hbl ot ABEoPeaThBatent
Nor.otidr6 7615 4t He. hiot | Bwenpt Ok s¢bdosat bachedetoien spbidiedy system

haQ@EE'Qnh%ﬁlbnee§@5§$ﬁ§hﬁgéoﬁnghé§ y§@§ké§)ar§#fgﬁagﬁg%t and
s I|ned ortion, in turn, rotates a b SCrew

Bt e bt e o and SPRer sy e $REGialpY mSans of

coheﬁgthmmseo 80ball screw shaft/spline shaft unit. A separate
metering motor rotates the screw to load the screw with resin.
Rotational movement 1is provided through a belt and pulley
arrangement that can rotate the screw independently of the
rotor on the hollow motor. The rotor on the hollow motor is
attached to a splined portion of the screw shaft and is used to
rotate the splined portion, which, in turn, rotates a ball
screw to drive a ball nut and thereby move the shaft
lengthwise.

U.3. Patent 6,530,774 to Emoto describes an injection molding
system using an electric motor and gear train to rotate the
screw and a hollow shaft =electric motor to move the screw
lengthwise by driving a ball screw shaft through a splined

shaft connection.

U.S. Patent Application No. 2002/0168445 Al to Emoto et al
describes an injection system that also includes a metering
motor and a hollow shaft motor to rotate the screw and move the

screw lengthwise, respectively.
3
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U S. Patent 6,530,774 to Enpto describes an injection
nmol ding systemusing an electric notor and gear train
to rotate the screw and a hollow shaft el ectric notor
to nove the screw |engthw se by driving a ball screw
shaft through a splined 35 shaft connection. U S
ThdPat @pARP! # £atrion . 1 2002h0168445 3Ap 0 i EAB# O 1@t 12/ 01 to

desc s;an inj tion s sten1that n S
Krarlrbstsefgqf‘ggelnoq r&r?i’gsa EhoI)éI Sw Shatt %?g?&lt?h%%t% t(fgl[“?h]motOr
prq%ﬂd@w amﬁaﬁavea@h@OVﬂ@e@%r@ﬁ/Féﬁgﬁﬁ%ﬁge?hﬁé§pé6@|@éPyPther

121«/T2 ;:g%&tg@ﬁar&tfaﬁ{sﬁ%ttwéf@fﬁﬁhi gr@éxii'é}t[bbrﬂt162>@53tﬁélb|éc3ﬂ’tﬁd shaft.

0 [ auss e escri
CLubrdt et VHEEE 8RE P6tort® 6%OVIdeS r%?aglona gﬁ%%eﬁg pperate
sepmratied yserewghidfer .and t he other notor provides
transl ati onal npvenent of the screw shaft. 5 Clutch

arrangenent nabl the no oper .
Th%eﬁﬁ?%’?%?? %F%Béet(ﬁlgzré&%ﬁe ST alnséls?g E?y%}%lzggz?éﬂltomo
de pubilbeshed Uiy 28¢ 186 tmmﬁmmys@@wms@ég AW WNBEPrS, &
balNBGLLORSYSE £M UsidnGphohkevsmdtrs, a 10 ball drive
nmechani sm and splined shafts. While these references
descri be many conbi nations of electric and hydraulic
Whidrd vilnepesyst Bemserfaors adestrmweofray | erainagaonfolodi iy ectric

ancﬁmgg}ﬁgguliche)ﬂrlﬂhhgt Qdeseki beya §yS§cQ:r@wCO<5@| AhNgid fe-tion-

uni advant ages,. af, hetter cantrol of
e R g e T T o il Gmbigiae the
una:nde tmant@@eusnjoéctb@tegowemtrpﬁ-o\ﬂfdetduebw%lwy@rlaogu @t the

scf@JQ&HﬁP%.%ﬁﬂ@owTQ§e9E§§§ﬁhﬂkﬁy%&HlQ%e Bﬁ@Mlﬂﬁ§eétlon power
aV|n advant

c tion e

PTG Pl BOPHEEEBhIE hyt AT Ao el G of Mer Sotavent ion
pr SUMVARY: GRorHE tl NVENTEONN The ik nVémn@ntb@ ovir gese aadvantages
of NOY&| eq.réb\f?l'én!ntldfrg{dﬂafu@ﬂ%l abi fgn@ngl sde@fsat i ng a

shaft. The unit includes a hollow electric notor and

25 at least one fluid cylinder and neans for

connecting at | eaSYMMARY0OF] BHEOINYENTINMRft to a rotor

of the notor. The connecti ng

The invention provides a novel drive unit for translating and
rotating a shaft. The unit includes a hollow electric motor and
at least one fluid cylinder and means for connecting at least a
portion of the shaft to a rotor of the motor. The connecting
means includes means that permit the shaft to move lengthwise.
The fluid cylinder is connected to the shaft whereby the shaft
can be rotated by the motor and moved lengthwise by the fluid
cylinder.

According to one general aspect of the present invention, the
drive unit is a part of an injection unit for an injection-
molding machine with a hollow electric motor to rotate the
injection screw and a hydraulic piston to reciprocate the

SCrew.

More particularly, the invention provides an injection unit for
an injection~molding machine, the injection unit including a

hollow electric motor and an hydraulic cylinder, a £first
4
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nmeans i ncludes neans that permt the shaft to nove

| engthwi se. The fluid cylinder is connected to the

shaft whereby the shaft can be rotated by the notor

and noved | engthw se by the fluid 30 cylinder.

According to one general aspect of the present
cyll IN@AE | 9m 1 tdve trdr inve it ci sy B Rant 16f s@8RnkRl B61E O tor of
thunug fgﬁvan %n}eczlon- nq%dlng.ngchlnejwﬁth a hol | ow 1:

8l 6cHi% nBPoP 1 0 % of BTR T hE VI FRT ectildn Er diCanBydranlic
cyhydéaul iie pigternted rteci pretateondey soreiwn Mofe the hollow
moP8Ff 1 GUl Bridon the iNventhan Proy descan dNj eGLEQRUNLE e
figog Lanin %%tlon-nnldln chine, _the |nLect|on,un|§

FRcl G4ng E°"80 Hol'Pow el "€t Pr ¢ Fof bF>and™an PRydranl i the
pieybinelerages flihestfirdteyll hoder wad Il @fnct ke skydnduking portion
ofCYheNgdeEtbs bRENRL tha S ofy1ihRe-Nohh oW MBEOF s n@ neans
. se%%nd Célknd%! wal | of the hydraulic H%yllnder}{s ,
tscsmécted 6 & af Pomar {OpdPErsh dPet i o owie rotating
megps oS ralpe stthr imlsgidndabd esdlidegailnher ittre suyfiaces ofalls,

rithe Sfddnet andasecondgykinderamahlis, arfigsteendrive the
.ggrﬁlgn of tQ; pi ston engagq; therg{r t cylinder wall

PLAhE" at 8 et offtf "Efd SorEronCT of Mt et 3ERGAgBEFRePrOVides
hydegohi cfliinddre walilve rideatiisgoneansa irsvattacteded¢oion and

ant h§3401 010 0Lt Ak exthe-RistOnsEhend ot atig piHEBAS
permts the piston to slide along the cylindéer walls,
10 first channel neans provides hydraulic fluid to
Indra verefier rpi steowrodamant or wared dydeotliion andcseicondt least

pathainel Bans-provides chydiauld,c fJewid Lo dEibyg, the vide a
g‘gft on Icﬂ a reverse direction and an 1 nj ection screw
SRS At tHE

&8 "o “BHRA End* Bt HE *pi ston. 1s In a

preferred enbodi nent, the hydraulic unit is at |east

partially sitpmaied pestRrBrihe dioldu@WpRRirekes 0 t her eby
provi de a sralTer and Tore conpact assenbty. BRI EF

DESCRI PTION OF THE DRAWNGS 20 FIG 1 is a
FIGrods-isecti onatsskatichrefl aHlzasihc «f i ¥ebunit dmive unit in

ac@@§@5§%ﬂ“%%ﬂﬁ Ehetbﬁhéﬁﬁ%ﬁHﬂ on;

FIG. 2 is a cross-sectional side view of a preferred embodiment
of the drive unit for an injection molding machine where the

drive unit is in an extended position;

FIG. 2A is a cross-sectional view of the piston head for the

drive unit shown in FIG. 2;

FIG. 2B is a partial sectional wview illustrating a hydraulic
supply channel to the piston of the drive unit shown in FIG, 2;

FIG. 2C 1is a cross-secticnal view of a portion of the piston

and spline insert;

FIG. 2D is a c¢ross sectional view of the timing belt and

encoder;

on
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FIG 2 is a cross-sectional side view of a preferred
enbodi nent 25 of the drive unit for an injection
nol di ng machi ne where the drive unit is in an
extended position; FIG 2A is a cross-sectional view
of the piston head for the drive unit shown in FIG
r1@, 30 RlG aZBcir%sé Qéétiicﬂ'lalse@liid@nakfl\éhe%fl |tl:,&$é ra,;liﬂengarred

a draul j chan to the of ;
o ol B o TG Toe 10 2T o e eine
wheyicewhef daiperwioh iof ihe §?§F®ﬁte‘353%l§ﬁ|'l ne | nsert;

FIG. 2D is a cross sectional view of the timng belt

.encoder ross +S ctignal de vie
P10 i G CREePR Choot e O B taTi Rt uR t eyl Gt of
the njredeirgadngk dvadgirmdchi ne mhere the drive unit is |n

a retracted position; 5 FIG 4 is a perspective view

of the piston an line insert efer
FI%Ti%e”hﬁtf”xflcfeg%go fcr%séﬁEégiﬁgﬁg e?b l?ent of the
ingndtiver; enbodi nent of the invention; 10 FIG 6A and

6B are cross-sectional views of another enbodi nent  of

he_j nventjon having the driving | i nder _surroundi.ng,.
PTG etk T obf bt otk TG M P e K tr bes ooty | banl e apgument
of vickw dfnvanmpnhélravenbomhﬁerﬁrl‘@ﬁlgt heyhlmﬁem o roppging the
holPydt Sndosectional view of the enbodi ment shown in FIG

7 taken along the section line 7A-7A. 20 DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) Fig. 1 _
FIG| | Usteakesrohe-saventiaon $irla siaml ef far frridteshoprdinent
of 1 he Riffrenkiod; hol l ow shaft nmotor 45 has a housing 61,

a stator 46 25 and a rotor 47. Stator 46 is shown

nmounted on a wall of housing
FIG. 7A is a sectional view of the embodiment shown in FIG. 7

taken along the section line 7A-TA.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Fig. 1 illustrates the invention in a simple form. As shown in
Fig. 1, a hollow shaft motor 45 has a housing 61, a stator 46
and a rotor 47. Stator 46 is shown mounted on a wall of housing
61. The rotor 47 is fixed onto cylinder 48. Cylinder 48 has a
spline portion 49 formed on its interior surface. An insert
fitted onto the cylinder 48 could replace the spline portion
49. The spline portion 49 engages splines 62 (one shown) on a
piston 50. A shaft (not shown) integral with or attached to the
piston 50 is rotated by motor 45 through the interconnection
between the rotcor 47 and the pisten 50.

The shaft attached to the piston 50 1s moved lengthwise by
applying fluid pressure to either side of the head of the
piston 50 through openings 51 and 52 in the wall of cylinder
48. When the drive unit 1is being used in an injection-molding
machine, the fluid might be hydraulic oil or a water—-based
graphite solution. Piston 50 slides on spline portion 4% and

rotates in bearings provided by wear rings 53a and fluid seals
6
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61. The rotor 47 is fixed onto cylinder 48. Cylinder
48 has a spline portion 49 fornmed on its interior
surface. An insert fitted onto the cylinder 48 could
repl ace the spline portion 49. The spline portion 49
engages splines 62 (one shown) on a 30 piston 50. A

53§haI @h@n@htﬁhgmk?@ﬂwgr @tt %&ﬂ%om at&@ﬁﬂ%ﬂ ud heg piston
1.S at e not.or u
Pﬁferc&ﬁ%@%ﬁ?oﬁupBSFﬁﬁénapﬁeEV%?& y4$‘%ﬁaeghé‘kn@ﬁ%ﬁ+ngs 63

ang0%4 The shaft attached to the piston 50 is noved
| engthwi se by 35 applying fluid pressure to either

si de t.he head of the i,ston 50 through gpenings 51
i ShEBE | o T R RGP By FEAESTE Y e e Brvavention,
thaptt sikd Lbefngriddeded nakdei njecthiaba- rolydi mgnomachithéjcations

ne&@@séﬁﬁ'gonkggtc@%shYgéﬁy$éC @'lno%c%eﬂﬁggﬁeb@§§ge unit in
ution.. Pi ston spline portion

gr hite SQC ge
2CY9" AHY 407 1St dts WeﬁééPPnggoﬁrSG?‘H% by SEE Fifigs than a
spbBae anda fif uidulseabs PBoBEBRd The entriirte wisisgmygl ywiofthe shaft

whi Od OkeélﬂmgCYdHéﬁdﬁ{aﬂS r%‘%@t@b§&on A591h§l£ok@§agiydln along
EupportedléygiaX|ally | ocated in bearinhgs 63 and f

YT & FFfUstrates a rudimentary sketch of the
invention, those skilled will be able to nake any

Thg1nﬂﬁﬂﬂpdh£i@akh9@s n@@CQ§§a5¥Séﬁuﬁﬂp %99§trﬂ£%h%%c@f to a
Lan accept abl e dr|Vﬁ%$n|t in ,accordance with th

PLERGETY O, EGFCBxa MypdRd ot he?t Thah "4 @BFPh%e The
inghaftorcold dhdog iprdeirdedstotper ne tusd i di ngudf 4 hey staf twhere

t1Q:Mhhé§e§§%¥¥ ngothﬁnﬁﬂﬁgttﬁ@téE§letxA‘ﬁéﬂgl%hﬁeyln ection
e used. The drive unl%

ng u
maa?ﬁalnow% s SFFoBh Hi' KE PSR G g & oni Featt driving
foptaste catieng Soeewiforizn innpeetiohd mol di ng machi ne.

The 15 invention is particularly suited to use in
Reguch,a S sten1mhgre it_1s necessary to rotate the

Tl S mél'tSthe Fhffedt i dnSChfdt or it4°P 14RE Abve kiere! 2 and
cagcrewatengtiwnseewitthasignichecam . dinyéagiof orceetial, such

asl Bl§§t§ é I'i:?el@tt%“ @E E@&oté é@}éjw 12Qh8%t.1§5r ngnEIQg Ff! G%arrei

screw 1 reS| des in a_barrel
2 %at 8%“%%@@ v IBatdery "OHE BY n? Fﬁ?eﬁ%nlrha&]&qeawy means

cfsgchbarrel retaining plate 5. The slet & is designed to
receive a tocl to hold the screw 1 in place while the piston 23
is rotated to unscrew the piston 23 from the screw 1 at the
threaded connection 29. Piston stop 7 is designed to prevent
rotation of the toel when the piston 23 is being retracted from
the screw 1 and determines the fully extended position of the
piston 23. This facility is provided to enable removal and

replacement of the screw 1 whan necessary.

The forward portion of pisteon 23 contacts the cylinder wall 18
through piston rings 45. The piston 23 moves axially along the
wall 18 as the screw 1 is advanced and retracted. Spline slots
17 slide in spline insert 15 to enable the piston 23 to move

lengthwise.

The hollow motor 30 rotates piston 23 and thereby screw 1,

which is attached to piston 23. Connector box 8 provides power
7
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as plastic pellets, is fed to screw 1 through opening
4. Barrel 2 is nmounted in injection housing 3 and
kept in place by neans of a barrel retaining plate 5.
The slot 6 is designed to 25 receive a tool to hold
the screw 1l in place while the piston 23 is rotated
to tendIngafaw 3he Hcstan w23ef caambde screwtlomtld hies energized

to tp t%%%e%h%()@%%gp op 2’8?1 B#osilc]%n 3SOt %Qt% !rgbijf eég ﬁeormanent

vent ~rofation of

ma%@tngfqt@trna@toe@vwonﬁnfhéoéé@‘emﬁ&eeﬁn@%&% ﬁ?é%lltdh@e used
to fubty:extpadedsposi bbornal ddew30L pi Bi@ONrdBor TheS is shrink

facility |s r.ovi ed t bl e .r.enmoval
flttep atcoen%net O"Fi nhe ?%men’lrhﬁaecreogsar rﬁ% ﬁ be attcftched
in pdiYi 6RNOF pPR¥t A Z@ecdmléct@ tHe eyrg n@iertﬂm Iroi{sr 16 and
wail:']rm«lgﬁb\ﬂi S ONa I kNGl ASunilthe pistone 2Ghdmves axial dyhnected

al.o | .18 as the 1 advan

© Lo %a '8 Elordiy 5T R AT ne SBIEE, Hgere 10
enqeeﬂeeﬂnaﬂﬂOéStH ;ﬁb@f‘@nswrt omfm‘VéS I%n@ﬂhW‘%eex%@or wall of

nidtdd oyg ot els 30whet atesopi $60ro23can therebyrseeew 18 and

is attached t |ston 23. nnect or
PO o ey T o T hEM S o 40 (1 BUOR e F B ERg e ot

belgieet ather cy2indeerierldi i-édanﬂot}i*%tmféiqméwr otor 16. The
not or 30 preferably has a pernmanent nmagnet rotor,

wever,, an ||OMIe|eCt[IC not or could be us to
Coéiﬁ%ﬂef @eéﬁsgonaf§ BRGVEEF ST, PThet 1 brsE 6eﬁ% o enable
coshirionlke £5 thiet redot 03%-he cylinder wal | 18. The rotor 16

can be attached in any other way to the wall 18 so

on as e r.otor d 18 ane as
Pliﬁﬁ% C{?ﬁejfh§§FFCT ngogghnec 3EYD A | dé%‘ g 23 by
bollgs byl nesa%sl@f:ltbtﬁ& s2 4a1uSplitie @ﬁws@mmr@e @rgages 37 (see

Fi@é otsp 14nd b@§5t pelQuen i Rekl&ns 432 Oanﬁhel%e)(t eﬂHl@sr Mdles the
n 23. Thus en rotor

L 8Y1 ntbr Gt £F dhd et O 3 BPso WoLALe 4 e dotetes
ang ss lnglerseloat Wélm@@atwadﬁalﬂnbm vRanpetiveds tohe repd s nifer -

Hydvedd1 118 rand 4t Iatecal 8% ORy @31 1Geolding lehew%eeéot@r@egmns 32
I N NDLOor ous cO
ond 21100018 ToL0L Tovel 10 11, St L2 pal L0 2 o

prcpgeea]rvmaj:cenc?%fanph stcogw23 kfywrward fo inject materlal into a
mold.

The piston 23 and attached screw 1 are retracted by means cf
the build-up of material at the head of the screw 1 in & manner
well known in the art. To prevent wvolds in the melt, a low
pressure is applied through the region 32 to the bore side of
the piston 23. Slots 38 (See FIG. 2¢) are provided in spline
insert 15 to ensure fluid communication betwsen regions 34 and
35.

The cylinder wall 18 is supported in roller bearing races 13
and 14 to facilitate rotation of the assembly with minimal
fricticn losses. Roller bearing race 13 is suppoerted in end

piece 41 and ball bearing race 14 is supported by ring 89.
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bolts 31 and includes a plurality of channel openings
37 (see FIGs. 2A and 4) between regions 32 and 33.
Thi s enabl es the 20 piston 23 to be of m ni nal

t hi ckness. Piston head 24 rotates and slides on
cylinder wall 22 by neans of piston rings 45a.

Doty df aph i @xﬁmdf%ﬁhma@oby%ayiw 04 | lhéosgeel I @LQCEO 41 and
g ions 32 [uid channd

?Q 33 th roug ggraullc
Y¥ar Husi g 260t 09° pP &% 6 22 3 i d- LEteEw Y1 For the
enflopward t4 iamjdectynatcem atiront 96 ato25onmpkd. rEhetprst on the

mogg?ransdtaactot acl’ﬂgd SErew Jco%rs%qﬁ@a&@ct@@ %@%@B%@f pfég%ures
material at the the screw

cr s ik TRRSOE o) ﬁé‘eaFPto*Tol(ibraé\Per&lS\%Pd% in the

melt, a low 30 pressure is applied through the region

Do@glé 02§ h@xtb&lrcp ﬁ'o%e r%far thlags@hét R gg’to Sclzgj{.?nc%af (w%qq 22 to

% are provid spline insert to ensure ,
Pf?Y%‘?*ﬂ EBMmMUTRi & N cbfet \}'u?@n TGRS 3P End 243550 350 ke in
regybnyrderc walthti18ni st suppoent édaiin2¢ol | er bearing races
13 and 14 to facilitate rotation of the assembly wth
ni mal frlctlon Iosses Rol | er bearing race 13 is

CYStppor a1 feend 1pi 88 %ﬂgaﬁ&ﬁ%ﬁ%ﬂenﬁeaﬁFHgCYéh%Q%M.ﬁ%?g 36
anguppor tted: sbygr kg 88s Bhbowwet< 17 sext endyf som @t oro radial

stbgy§l NGhell &4t 0.60d:piece Al and ocfylr'ug%kerm 38215 that
he dowel’s 27 revent any tendency or the pl ece

afﬁ1§%ﬁ&?9&&ﬁ.ﬁae rﬁfQ%§lt6“ﬁoF§%% rEHERIE - to the

nmotor stator 12 as a consequence of rotationa

10T 8SSUr e éx‘ééﬁ@t %qo!ﬁay éﬁée reiathonsefythe rof Orthlﬁ barrel
pi ston extend from.rear housin

and
reFﬁ%%“B&lPﬁﬂ%? ﬁbIFH%ZkPSSlBEeQ%nFO i endeiey ©6 1Fﬁedrlve
aseyhiv nderogwahkr22 to rotate in response to rotation of
pi ston head 24. 10 Cylinder mall 22 is in sealing

engagerment with cylinder rlng and rear housi ng 26.
TepROTHese S¥al s aré Gh-§-Btbj eBt EE Y RGUARNIgPresgl extends
thtdeyh asre bessitdd kel yoiodredlesar rduptiureadrian seah®ly 21 on

pi i PR nALL SURIEELALs 0o DRt LA Ale 308X AL ST LIS Y end
signal through rod 20 that indicates the position of piston
head 24 and consequently screw 1 in a manner well understood by

those skilled in injection-molding.

The rotational speed and position of screw 1 is determined by
means of a timing belt 3% and encoeder 40 in a manner well

understood in the art of servomotor control.

In operation, the region 32 1is pressurized through port 25.

This forces piston 23 and the attached injection screw 1 to

move forward. Plastic in front of the screw 1 is injected into
a mold cavity. At the end of the injection, region 32 1is
retained at a lower pressure for a short duration. The region

32 1is then depressurized and region 35 pressurized so that
piston 23 retracts a short distance. The hollow metor 30 turns
on to rotate the piston 23 and the attached screw 1 to melt
plastic pellets supplied to the screw 1 through opening 4.

During this interval, it may be necessary to keep a relatively
9
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15 Tie rods 19 extend fromthe rear housing 26 to the
barrel retaining plate 5 and housing 3 to clanp the
entire drive assenbly together. 20 Tenposonic rod 20
is attached to rear housing 26 and extends through an
opening in piston head 24. A magnet assenbly 21 on

10‘?1 §EQQsd@§@d ig4 ﬂel%itegndﬁ th@o ngy@ﬁ&mo m eslmasgg? hﬁ?ﬂ)lgé from
0, sen Si ro at in es
Fopbsi4 H&hq8¥ 5ﬁg$' W@a%oﬁﬁraﬁg &8n§éa 3“§%ﬁgﬁ peren 1

refrpct sraphen v;eieldeaﬁdernse@o@oaytl% th&s@tﬁwl | agtion of
thé nds@&évb on- rﬁ@ dng.r the rreqtl@%oreale speedpahgk pasi tidher the

scre et er m _ned ns_ of a timmn

oo P T ol oL ST Ieg By e ol 2 Kiming bel 36
1notfla5t@rd/@mit athecont potioB0p T eragperiat ironeathé teghorvBE melt
tol ShP®ISUIZ2ed,t hrough port 25. This forces piston 23

and the attached injection screw 1l to nove forward.

Plastic in front of the screwl1l is injected into a
Flgol @ caviasyrapest kehemdtofalhe fnjfecthen, emeghoneg2 g the
m%‘n{ﬁi@' ngd @l‘il@ ér@ﬂ@iln@n%ssdﬂee JcQ:roza ﬂgoﬁi gﬂfr@i Oﬁttacbed

er ressur an reglon

o ot GRLRTS P 26t aP SprETah 55 I4Atiacts "4ISRBRL £hE combined

ledy gt ane.ththestwikdeow hotbe B0stannsS omd othrot atdthhef the

st PESE Oy 23jaRdt e @tiached ssergved 10 diplitacpl 88tic
pelTets supplied to the screw 1 through opening 4. 40

During this interval, it may be necessary to keep a
Cyltﬁ@ﬁﬁv@$yi598hownpwéssuaeahquegﬁﬁmiEZimdepré@@ntA.second

1nYé’1’: dseand hubhles skrom,fiosam ngi d nsddae %%h&catﬂ]@nsﬁm& Ofecond
30 i s stopped when the gcrewl retracts

10 [P edB08r MiHedb PoSrAoRS Fur T FOEPALTs offiofthe rgase of =
plastiaw thrmymys cesourtaro arel irevee ttibe -mel 4ipr essurigie Aftteerbuild-

upt B@ %1%%%%’ lnﬁéét£y$lma£@££aa§t§9 thbepexXb sl HreCtd ARy may
cl e initirated and he in ectlon“processm

pr?%ﬁ%%téaffbcb$%w. éeﬁ%$ﬁe o the nofd d&?t?ovﬁléhesﬁnﬁton
batklustirat ésjschématpealtipra further enbodi nent of the

This embodiment has the advantages of keeping the entire motor
out of the hydraulic portion of the drive and removes the need
for a spline shaft connection since the piston 55 is free to

rotate and translate on the bearings 59 and 60.

The embodiment shown in FIG. 5 could be Zfurther modified to
make the stator 56 longer and the rotor 54 shorter. The drive
unit would operate in the same manner but the reduced size of
the rotor 54 would reduce the weight on the piston 55 and

reduce the cost of the motor.

In the embodiment of the invention shown in Figs. 6A and 6B,
the drive cylinder surrounds the hollow motor. Stationary
cylinder housing 70 supports a non-rotating piston 71 on
bearings 72 and 73. The bearings 72 and 73 permit piston 71 to
move lengthwise., Housing 70 and piston 71 form a piston chamber

74, A toroidal piston face 75 extends from piston 71 o

10
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to invention. In this enbodinent the rotor 54 is
firmy attached to a piston 55 and has a width at

| east as wide as the conbined |ength of the stroke of
the piston 55 and the width of the stator 56. Piston
head 57 reciprocates in cylinder 58. 15 Cylinder 58 is

prshoMa gﬂthhﬁvihag|§u£féﬁéj|ﬂyretl;§8th#&§$gg?ﬁgﬁgﬂgetof the
e r ver
as SR R g Cnt L PRl R SRpR Bhe

case of a pl asticating screw for an injection-nolding

Th€a§9é9§rtﬁ@<ﬂy||QKHHBWOEogbésiécaﬂﬂﬁéﬁgﬁ QR ngt ephal lrface
screM/nq% %£FOVI e sufficient

Ofprpelfgﬁpeo{;h i%eogﬁf%‘fz\f? iPst oD ekt 077t §F the
mofafpectiowipdsi troattdtiesl evbsdieneht fhass t he advantages
of keeping the entire notor out of the hydraulic

. on of the drive and r ves the need 25 for a )
0B FhET St e et FONCSi BEeSh i Kok 56 TFS T Hedn T is
rofated e tandtitearisl atetabe t hbebeslna figs 789 andh60.stiEfE 78 is
suﬁﬁ@@@ém ShowachPe £l G p2aceukd be further nodified

make the stator 56 | onger and the rotor 54
shorter The drive 30 unit would operate in the sane
Proghtery bltu ithereeducedosi getigdfr tshieler otfopisS4omobbce 75 moves

thbedyeert hgsvehght on the pistan b5 and . J.educe the . 77 ang

f the notor. In the enbodi nent of the i'nvention
ShggBWH?Hﬁqﬁtﬁgls%A and 6B, 35 the drive cylinder

surrounds the hollow notor. Stationary cylinder

FIEOU%thhZQsS%HQOEﬁh@f@ R@n- rotaatf@fgra@t%tdor?b o6} t9Bn.  rFic. 6B
The bearlngs 72 and perm t

b 7
Shﬁggi a%& qgo%% tehdgttwrse ™ PBRSF 1 70 and pi st on

71 forma piston chanber 74. A toroidal piston face
ThZSa%aﬁ@&Mg ognoomthn Hikyd O 5al0s Rf O G, & Ald Vécﬂgantage of

b Surfa%e for %§ wi se novenment of the assenbly.
°pi4t 6 f%lé?ét?é FOUrTHunRSE by B stoon r -REEC BEPATRe Of the
asstabor 76 ofve holdtdwimet or Ths sattrohédet 0 ahsd nnefoves the

reSHL et Fo0f 2PESt O Thdd eeegg&wgléﬁd Az 3gshl p with

rotor 77 of the notor. Rotor 77 Is attached to the
shaft 78. Wth this arrangenment, rotor 77 of the
Fipol | dwastiedhr soonDhomoikds fication to the embodiment shown in

Figs. 6A and 6B where, instead of having a single toroidal
piston, two separate pistons are provided. In this embodiment

the pistons are fixed and the c¢ylinder translates.

As shown in Fig. 7, shaft 80 is supported by and rotates on
bearings 81 and 82. Stator winding 83 is fixed to housing 84.
Housing 84 also encloses pistons 85 and 86 in cylinders 187 and
188, respectively. Fluid connections (not shown) are provided
tc the cylinders 187 and 188 to drive the pistons 85 and 86 in
a manner well understood in the art. The rotor 87 of the

hollow electric motor is fixed to the shaft 80.

In operation, energization of the stator 83 causes the rotor 87
to rotate and thereby rotate the shaft 80. Providing fluid
pressure to the pistons 85 and 86 forces the housing 84 to move

lengthwise. The lengthwise motion of the housing 84 forces the
11




R et

10

20

rotated to thereby rotate the shaft 78. The shaft 78

is 10 supported by and rotates in bearings 79.

Providing fluid pressure on either side of piston face

75 noves the entire assenbly of the piston 71, stator

76, rotor 77 and shaft 78 |lengthw se. 15 FIG 6A
st:3RWs 1 he 3haf 15778 nan Aalret racted posl kel il G BBigthwise

"shows the shaft 78 inits extended position. The

dirggtifGenent shown in Figs. 6A and 6B has the advantage

of 20 being of short length but does require a |arger

Thepat{r&oniflmteh% S§§§§@LVF§@ m?)V§S| engbdw sehq Thiess rnot require
nt al so rﬁﬁ VeSs requirene

for .a sm
2 ST PR areat nEkhe T g8y SR S ever,
it nodieki catdoird o thhe embodi martisshowedgpmbdy Fﬁgsluéqu the
hod; @Bcwhergqy dnstead nak rhavi ngode Sidigld .t g&0i dal
pi ston, two separate pistons are provided. In this
enbodi nent the pistons are fixed and the cylinder
Thd r apdtatemn A$§ showapprofRiigte7, emthadimeB0 | 8f sgpporiregntion

wollh apd rpdales.en 130 Q%@“f@tﬁ)l&%n@%@isS%f St@LOrapplication
wnding 83 is fixedto o SIE %gbg (§g184 al so , Labl
Pe it Sﬁiegto@rs%xéﬁa 86 1 &iﬁ“% SNET i Agg tables
the especdinveglty. sidwi dicodresti dds bt 68hown)Fiar.e 7 might be
seﬁ&\@od%erte%st he: cydipders, 181 anda#88,t0-dhi V& dhen other

pi stons 85 and 86 in ~a nmanner well understood in the
em?ﬁqlmeﬁﬁé PaY ofe 8264 K81 t88 hol | ow el ectric notor is

fixed to the shaft 80. In operation, energization of

It E@ gt aLor 183, LAUSRS E)hepegloé&{s %ﬁ{lltl%dr qthatt%ea%@t that the
thereby rotate the shaft

Iy difst6is 1851 ARY § o b fﬁefaﬁga&?nae U ein:
whih | engt devrsel  tkhei 1 angthawies e hepthicornt ofodelse drfoumrngfi814 out

thé or 9@@n£b§n 1%n§t alpre b83aré OEQEcégtﬁDﬁe S'@@f tmo%q f£@ation of

also move in a I eng thMAse direction. . The enbodi nent
£odhvovii- 46 @fgan?eﬁn%n%o%aﬁr%&%égtﬁaﬁsr%au??%fatsl%? The
1n@eﬂmﬂdml asgeitiworoiedal toylémderpasrs aaspi mdich dmpeefications,
wh mth&nd% fequir e the gntife housingnasermbl i ins .

I ncl U|ng
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hol | ow notor and the cylinders to nove | engthw se. The
sel ection of an appropriate enbodi nent of the
invention 10 would be determ ned by the requirenents
of the application being addressed. For exanple, if
limted |l ength was avail able, the enbodi nent shown in
Figs. 6A and 6B or Fig. 7chaghé be selected whereas
if weight on the shaft were a concern other
enbodi nrents may be better suited. 15 It is to be
L. un8ler sngedtbyn pepsbngoskidn ednigcttive areldimat ndmhine,
injkpvest i @nd SRQLakhgtted to the illustrations
descri bed herein, which are deened to illustrate the
best nodes of carrying out the invention, and which
are sustéptlilisie cfochptl ficdatd dalof 20 form si ze,
arrangenent of parts and details of operation. The
i nvention |§ |n£ ended o, enconp
modi fi cat '8R5 ik
assdedi rhlefdrbylme Ocyllanﬁer PAnEHAINVG al.rAwr njketi oA

unhbi f&x @Ibdrﬂ'ﬁl%Ctrd&%rmb@' nganachine, c§§lr§jdeﬂ np£ct i o)

w el ectric notor

said

R TR aireE syEfffenngaliopd?) of

said
of

t di
nyar sl EHe T Piaars i frs%O%“yﬁctﬁ&ert%vam | 2ApyFhgey portion

saP# ﬁ@@iduﬂﬂ@wcyﬁﬁﬂﬁaﬁumﬂmmm (B6)a rotor (16) of said
hol | ow el ectric notor (30), a second cylinder wall

22) of d_h d ted t
Stali orfary. HOPL 1o OF LSAF t o) Pl BIGetrc Rorare® of

(36}rsta pivdtoAet23)als] i dabl e aakiongs it eriondsunflaces
of 5.@1 d afﬁ@t GHd %@h@@l J;f(ée&)d 3;5‘1@;&3@1' Olz%@ceﬂgagmg
I in gr d; %ﬁf fé rst g Cg %wﬁ P
Ei“é% (‘é ré%e agl Hid % Tihder” “’l’rt(lf’é‘) ©
anmat@ec@rﬁd @map@mlmcbfsewmd cplsm@mf («23). dAgagi ng
sai d second cylinder wall (22), a plurality of splines

said
wall
said

sald

17) al on entral. portion said piston (2 and,
G Rt sy oL L Pl ne fteb s et et el i of
conpedt edstonsaibir ottt @16Iplaindk insert (15), sald spline

insert {15) fixedly <connected tco said rotor (16)
engaging saild plurality of splines (17},

and

first channel means (25) for providing hydraulic fluid

to drive said piston (23) in a forward direction, and

means for attaching an injection screw (29) to

piston (23},

wherekby said piston (23) slides lengthwise along

said

salid

spline insert (13) when hydraulically driven and 1s rotated

by said plurality of splines (17) when said hollow electric

motor {(30) is activated to rotate said rotor (16).

2. An injection unit for an injection molding machine,

injection unit including:

a hollow electric motor {30) and

13

said
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engagi ng said plurality of splines (17), first channe
means (25) for providing hydraulic fluid to drive

said piston (23) in a forward direction, and means

for attaching an injection screw (29) to said piston
(23), whereby said piston (23) slides |engthw se al ong
said t%ltolﬂ aiurl%rgc;(llli%he}ﬁ@tera hyﬂf@\f!&p@iﬂﬁ@%rw;@n ang) of
is rotate . sai ral i, 0 pl i nes n .
st ol G sos Pt o PT30) T2 s rohre L of said
r dtdtlevws gild ctot or mei6y. (20) Anai pgewnd owy Lmiderf gtelan (22) of
I nj8Ct hopmR1ding. yBeRiRe, copied el Nj8Ctd 0k Aidnary portion
i nc udL%gh hol | ow el .ectri.c HF%@{ (30) and 13 a

hyth &6 °c 83#?%0%%%0%% FEECEyfifder wall (18) of

said hydraulic cylinder joined to a rotor (16) of said

hol | ow el 8GEEHC (9B 081 {BD1e A19RGORdcEYLbAdREr Mdds of said
r cannect ed

2 of sajd hydraulic,cylind .
SR nar JTH off2 o S RORI SR8 oSt TiRS peRginder wall
(3M2) ,a spifstren £88) pstt tabl & aladig piinteni o6F 3sueficesEisng saild
Offli%g_d chiilrnl%terc)zﬁJéailrJlde(rlfSWalaltnd( 138)5@%?1_dsaain@f §RGANGn of said
cylinder ), a first end portion of sai
ST 495 eRut il S SPPRSE SoiiaRd SaATT ((4B)
and a second end portion of said piston (23) engagi ng

S;’iitd ﬁe:%%tla%ﬁ@f! gﬂg§1§sm5£‘c6§&f@d rof ?téte{hgi rrexa{t(sfr, (t16) for
attached to sajd rotor or. .rotating sai iston . .

(2520 PG ) T e pettict{ PG S5 o o o e ing
(28)id opsttiae atdngtsaisdifier stioeyl ismddr fadslt ¢vli8pdamd wall

Sagﬁﬂs%ﬁgﬁ§a9¥|&é%%%d\%yﬂinﬁ%%)waiiréﬁnqhahne| nmeans

(25) for providing hydraulic fluid to drive said

piston (23) in a forward direction and second channe

means fforspr ovedhnal hyaraulil fiai daooiddngveydaidlic fluid

Pi st o i(R3kahA g LYer 88, diskeat kon,and J1BARS 158 and

attaching an injection screw (29) to said piston (23),

wher eby said piston (23) slides | engthw se along said
second channel means for providing hydraulic fluid to

drive said piston {(23) in a reverse direction and means for

attaching an injection screw (29) to said piston (23),

whereby said piston (23) slides lengthwise along said
first cylinder wall (18) and said second cylinder wall (22)
when hydraulically driven and is rotated by said rotating
means when saild hollow electric motor (39} is activated to

rotate said rotor (16&).

3. An injection unit as defined in c¢laim 2 wherein said

rotating means includes said first cylinder wall (18}.

4. An injection unit as defined in claims 1, 2 or 3 wherein
sald second cylinder wall (22} is of larger diamster than said
first cylinder wall (18).

5. An injection unit as defined in c¢laims 1, 2 or 3 further
including means for sensing rotational position and speed of

rotation of said piston (23}.
14



first cylinder wall (18) and said second cylinder wall
(22) when hydraulically driven and is rotated by said
rotating means when said hollow electric notor (30)
is activated to rotate said rotor (16). 3. An
injection unit as defined in claim2 wherein said

6. Iopat i Agedeadts hiel ugdesasaigkdi rst ceythnder valldy (Gl8jurther
incf'df@ in ggglqﬂmynléfgs deflned.lnlclalns.l, 2 Qg 3 d of

wher'sf N84T d "Sécond Y% nbiRr® Wel 12+ 229518 A gapecd ©
rotebagret @f t$mid saidtod i rgB) cyttiantdn weddd (18%ns 5.£0An sensing

rothPj 841 ofb it loras ndefiunedai Rigk Ay MBely 230r A d WA "e&fcoding

meahncggglng nmeans for sensing rotational position and
Speed’'of rotation of said piston (23). 14 6. An

injection unit as defined in clains 1, 2 or 3 further

7. ingh 3@!5 gcmt tsgrﬁilf fgna@eflgnegcp: ahi em%m%ﬂttor&a@g further
. ed of _rotation of sajd piston erei n_sai ,
incFBEHE Por SBE T e SHal Tl o el e g or said
seceidn mgdbebert(i39) and sansencodilpgyimedisl( 409sit7iovAnct  said
pistBhectionuniit asidefjnediiin chainAg.4, 2 or 3 further

i ncluding a tenposonic rod (20) attached to said first

or said second end portion to sense a |ongitudinal
€. pokitioneofigaiwnipi st ode{23d withichasas dlhydr aul ic further
inc@M@i@%e?owgﬁ ﬁ@ah@]Fgﬁﬂonb%@Wé?@ssg§é|@%gohg ?ﬁ@ﬁﬁﬁe%1wall

or urther._ _inclu 0 ans . bet ween .

(228 3502 Go R oy TG ad s (525% hab R Fes Do ger . said
dowg26)eefis sdid) hypdraahtcneykpnaergnasdaimbvedewe! ofearssid second

cyl (883 r PFaventing £otatdonal smverept 0fusiald (seeond
cylinder wall (22) relative to said rear housing (26).
9. An injection unit as defined in clains 1, 2 or 3

9. fukt henjednighrudimg: dowetie htans {27rlbetsveén & leousi nfurther

incBdPey obwsai cheshal | o el getide, Mt %o&&i@u)rgrjbarﬂgwt&ﬁer of said
nenper 0

| inder ring supporting said housin ) ,
no1 e, BREE T AT TeE of BT GHor S ac iR tr s (1570 wiaprting said
houp gspeckmnbor sdiod esdvdemderraliaig.vel OrotAt iiomj ect | @n sgpitbr  (12)
witBSroefd nedd Baghabibidger? :Qhg3 Wherein

10. An injecticn unit as defined in c¢laims 1, 2 or 3 wherein

sald rotor (16) is fitted to said first cylinder wall (18).

11. An injection unit as defined in c¢laims 1, 2 or 3 wherein
said first cylinder wall (18} rotates on ball bearing races
(13,14 .

12. An injection unit for an injection molding machine, said

injection unit including:
a hollow electric motor (30) and

a hydraulic cylinder, a first cylinder wall (18) of
sald hydraulic cylinder Joined to a rotor (16} of said
hollow electric motor (30), a second cylinder wall {22) of
said hydraulic cylinder connected to a staticnary portion

of said hollow electric motor {30),
15
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said rotor (16) is fitted to said first cylinder wal

(18). 11. An injection unit as defined in clains 1, 2

or 3 wherein said first cylinder wall (18) rotates on

bal| bearing races (13,14). 12. An injection unit for

an injection nolding machine, said injection unit
|nC|Udkﬁgnﬁﬁoh0|b9W/€h§§£$1@ JﬂHd@'l&%@kl@BdSQrfaces of said
hygr |?ngI|n er |gde& wal 9 8) P 4
sal o hydr ab |?%%%f&- X vaiEhe b o 1tte) ot dapy en
homm@l e@irﬁ@l%peﬁtQBO)(23a segendngyldaiderf wadtl cylinder

(22310 (1sai dnhydy aH'eb@n@yleth%fOIQ:qwﬂecéﬁdsBQdaplston (23)
ort on ctric notor

tat
?B%éaogg%?y $eéi f%%?mgl(fygld‘@ldgrai”%ﬁg ﬁﬁeérl or surfaces
of said first (18) and second (22) cylinder walls, a

first endatpagti Qﬁaﬂé satdaphsd onc4 2335 £NgagiNg- Sa{'lds for
first .cylinder ?%aand a, econd end ﬁort|on of

sal%Fﬁ§%§pb S?%fS)pl%ﬁ§§ég sa?%ﬂ etBNE A | 5 WRFfm tting
(2Hid rptatémg (Aansoattiddhed lrogsaiad dr otiors t( 18)1ifngler wall

rot &t NGasakdapk st (A3)ingsdl daf ot pdding neans
permtting said piston (23) to slide along said first

cylinder wall (18) and said second cylinder wall
(22), means foer prowivdidngohyldyduduldcf | Gldid o tdr i deive said

sah kRl Sban £23)qg along Salidacy! Lhoder wall's and neans
for attaching an |nject|on screw (29) to said piston

(23), whereby said piston (23) slides |engthw se al ong
said fiepsts c‘@dri naerackelry (48) iandesaird second (2%) to said
cybiqnder wahl (22) when hydraulically driven and is
rotated by sald rotating means when said hol | ow
el ectric notor (30) is activated to rotate said rotor
(16). IBerApyi spédt pontoni (2as défdeedlémglvgism kong said
Wh@fx%tﬂ c%/’i'l@ldeﬁ:%én ng: ALansy 'Mdu%%%oﬁdsgbwﬁdéf‘%%ﬂ (22)
(1 é¥ spllnes g17) on said piston’ (23
ulically driven’ and 1s rotated by said rotating
means when said hollow electric motor {(30) is activated to

rotate said rotor {16).

13. An injection unit as defined in <c¢laim 12 wherein said
rotating means includes a spline insert (15} engaging splines
(17} on said piston {23).

14. An injection unit for an injection molding machine, said

injection unit including:
a hollow electric motor {(30) and

a hydraulic cylinder, a first cylinder wall (18) of
sald hydraulic cylinder joined to a rotor (16) of said
hollow electric motor (30), a second cylinder wall (22) of
said hydraulic cylinder connected to a stationary portion

of said hollow electric motor (30},

a piston {23} movable along interior surfaces of said

first cylinder wall (18) and said second cylinder wall
16



14. An injection unit for an injection nolding
machine, said injection unit including: a hollow

el ectric nmotor (30) and a hydraulic cylinder, a first
cylinder wall (18) of said hydraulic cylinder joined
to a rotor (16) of said hollow electric notor (30), a

second, cyl inder ol lpd23bn0for sAlid RYAEBH! i(E3CYLARLIRI NG the
coggq&hﬁ%ixhg%staté ngr¥ pgr}flonC E& gald h?Ll 9%) q

el BEEF ot o1 30) T 2 pi St bAF 23 YhbUEBT e¥d ng » and a
i ntererst sk agestobnsabll f4¥dt whdtiomder(2@al | e(d8ying the
angn sait ith S eCerRd ey ngery Vé@'c'ondléyiggder a;shiir sboend
portion of said piston (23) engaging the interior

surface of said first cylinder wall (18), and a

second erdtpost | onandé sardapisd ont¢ 23¥aehgagitng: t hels)  for
I nterdoimpusd acep ofrsai thsecongi eykbpgdernyehda22)e rmitt ing

[ otald g SEPA Est o 295 al Y orRifing MedngyLindes wall
pefhitiamd swid! pistoond( 23y ltodapveralbng(said figsts for
cybiader dpllyala8) cand wsai dosesond cydiindersal | (23, a1ong
(Zggidnﬁqps.for ngVldln dhydraullc fluid to drive
saf o piston P23y at Ay’ $Ai°d i nterior surfaces, and
means for attaching an injection screw (29) to said

pi st on ((23)s, wher gby, &aird PhSt 9R4£28)odTOVES ) engbhwicse 5414
al ong sai )flrst cyl i nder wall 818) and said second
cyPindét Val'l (22) “when hydraulically driven and is
rotated by said rotating neans when said holl ow

(ellect rilvgler%}]bgr 4=3Q) .ﬂisst%.tit("zafﬁt)egn&%s gpér?gtt%ﬁgledlazl%%r said
. . 1 N ec on ni S erlne 1IN Clal m

Creb e R a8t e L g B e 22)
( 1) erenyegi Nyl ispllilnesizrie?) aon sa drqgiagteon Hy23)aidlbrotating

Anpd £Ciian diid @2s1def inedikncchatdd 12 13 d4 Qfated to
1 rein said ro¥f%fng nmeans includes said first

5
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15, An injection unit as defined in claim 14 wherein said
rotating means includes a spline insert (15} engaging splines

{17) on said piston {(23).

16. An injection unit as defined in claims 12, 13, 14 or 15
wherein said rotating means includes said first c¢cylinder wall
(18).

17. An injection unit as defined in claims 12, 13, 14 or 15
wherein said second cylinder wall (22) is of larger diameter

than said first cylinder wall (18}.

18. An injection unit as defined in claims 12, 13, 14 or 15
further including means for sensing rotational position and

speed of retation of said piston (23).

19. An injection unit as defined in claims 12, 13, 14 or 15
further including means for sensing rotational position and

speed of rotation of said piston (23) wherein said means for
17




(18). 17. An injection unit as defined in clainms 12,

13, 14 or 15 wherein said second cylinder wall (22)

is of larger dianeter than said first cylinder wall

(18). 18. An injection unit as defined in clains 12,

13, 14 or 15 further including nmeans for sensing
sensDiqat tonali pesi tden rand ispeedeof ar Qti@tih?nb@ﬁtsai3@) and an
enc 'fﬁ‘”%e%%%)' a?. An injection unit as defined in

éﬁaﬁhs : ié, 14 or 15 further including neans for

sensing rotational position and speed of rotation of

EO.SaixrdtPhjSé(l@lﬁ({rzs%nMe&@i ergahgdnt&ﬁngzlfthslse;@@isngs, ]d4 or 15
ot ational ,.position includes ng_.he an n..
rur R0 RS 4 B SE M etdiom tihee Meriiiah Fizet
or ppié| apagnd2end3polinior 16 sewse her lpngludiingla position of
said eppaseni@snodi {R0) aiiachedatioisakgh fid.st. or said

second end portion to sense a | ongitudinal position of

said piston (23) within said hydraulic cylinder. 21.
21. Ariik nfetediorprunititasagefiefiéded niol ailegms2,1223,134 &¢ or 15
furﬂ-@erfiaﬂélhlﬁfiﬂ caou@ilpgeqawl(zwaagtﬁa&}l 9@%@@)@&@@& d(;)&linder

econd cylinder wa a_rear. housing (. . sai :

wa1 f BB W s s oD et Mo S o e 521
dowe bt mefonal 2hbverenenbinsaidt secord eamrdér akaldai@@2yecond
cyli®dat a1t Qosai do{ £aIvAaUSisAY4( 263 x g@%sﬂﬁg lipkect i on

unit as defined in clainms 12, 13, 14 or 1 further

i ncl udi ng dowel neans (27) between a housi ng nmenber of
22.sahd hoj¢ow @l eet ¥ capptief 1 (:80) iandlaicyl id¥derly,i ngéd or 15
Fur BAPPOL A NG: i rSAl (b RAUSING STBIBET B 8V enth di8lidlyl VRmber of

.r%@“@noiaﬁﬂmOr u.oth”eseg %ﬁsmd_ g
saldyPPhdet Firagtei23. "Rl nj €t i B uni EYas YRt | e j pupporting
saig¢| dopsin@, mkBpeid tor A5 vastier ednsiaiad rotaoriqnleyfi e stator

(12fidted tQpsakdefi £sfq eyliinder wahy . (18). 24. An
Injection unit as defined in clains 12, 13, 14 or 15
wherein said first cylinder wall (18) rotates on bal

23. befar i byjesaices (13; 143 . d25indd dinve laiis d<,definetdipr 15

whe WL 0881 Of r6L & M8 13, t 9524 cphgr eih said fydrauljCnder wall
(lgfyllnder is at least partially situated

24. An injection unit as defined in <laims 12, 13, 14 or 15
wherein said first cylinder wall (18) rotates on ball bearing
races (13,14).

25. A drive unit as defined in any c¢ne of c¢laims 1 to 24

* wherein said hydraulic cylinder is at least partially situated

within confines of sald hollow electric motor (45).

26. An injection unit as in claims 1, 2, 12, or 14 wherein said

piston (23) further includes a piston head (24).

27. An injection unit as in claim 26 wherein:

sald piston {23) is hollow, and

i8



wi thin confines of said hollow electric notor (45).
26. An injection unit as in clainms 1, 2, 12, or 14
wherein said piston (23) further includes a piston
head (24). 27. An injecti on unit as in claim 26
wherein:  said pist é is hollow and 18 said
pi ston A8} (E’ﬂ?oiingleﬁ estdt | Ot 96e Thahfett one channel
opemiengng 3737t 0 tor qwide d@ paspagesgyyr ofnan farstrst region
regihon £32) 40 second regjon (33). 28. An injection
unit as in claim 13, vvherel n said spline insert (15)
further includes at | east one slot (32) to provide a
28 .pagsagempyctfiam anthi rah regi onlyidd) 18p ahkaaihh segi oBpline

1n§é¥% )1%9 fé@th@fefﬁéfaaéénb% Q%agg 8$@|§ﬁy; :%9 %b %Tov1de a
7, 8, 9, 11, 16,

6,
pasf@geﬁéy BOM 3% t@sfdorre?&"“f éﬁ‘i hetrO |anéPHaF1i’ﬂgr@%l%]ar 8-
(2) mounted to said injection unit, and a screw (1)

29 corme%%@cwoﬁaugl@'§£09n(8§;u@/ §a'§i mpang for o 5 5 o
attachjng the injection screw (29)"
10, 1%, 1z,/7 13, 14, 1>, 1o, 17, 8, 19 20 2%, 22, 23 or 24

further including:
a barrel (2) mounted to said injection unit, and

a screw (1} connected to said piston (23) by said means for

attaching the injection screw (29}.
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