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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
i nve iC Iarl¥ useful f or dr|V|no a
pl a . B < " : A e N : ; T [2 7 T 2! 2
Mor e speC|f|caIIy t he |nvent|on relates to drlve

apparatus for rotati W§CHNICARCFPEDDati ng a

pl asticizing screw of an 10 injection-nolding machi ne

wherein the screwis rotated by a hollow electric
Thigptigweand oreckploatasedt by driadr apbie apiust ofier  rotating and

t rarBAGKGRAIND 1nzsfhe Wﬂ%(gnJEHﬂfU%nPé°F§r€EQuE¥gﬁﬁuh%%ful for

istons to drive and rotate plasticati screws’ i s
S fiiSnt HOws\FeCa tidide DF L e OKnctth 1§9§Féﬁr§nsm@éééﬂ§ machine.

MorGXHﬁndﬂfmdeEyﬂde@tﬁgeén@ioﬂokamtgﬁt@bSd&QveYQK%hQatus for
rot %ggmﬁoasghcatln %9ﬁ§W§“h'|e u5|£g draullc p|ston ¢
% ve'f't I'engtth s&: 20 Uss. ?%H Not "%, 165 F47 o+ an
1n3aaiﬁ§nﬂﬂni¢km;rmbeblaescw@mrQXmradﬁr scotat etk byocatated by a
hol GRAT ;LdefdtVﬁJrn%Poa;” Gl POl
© enget hw se (fraul%itc &fs%t'%i)aggeﬁ%gl scrggjﬁwauhc piston.
spllned shaft end to permit sliding of the shaft
through the gear 25 driggrcRigndg S. Patent 4, 895, 505
to Fanuc Ltd. describesa T Tinear notor for noving an
injection screw linearly. The linear notor includes a
The seskesofof hpel omnentt amgnehs aticachad d optBeonst afo 30rive and
ac h,the al terpating _current
mtagf{m s:t &ag]tr{i s%?%%nﬁ? ngngygt oﬁoweﬁgfhggopg Chudde known
SYSﬂGHWEa$U@@@%h%nFO®©lPh@g driveat afleanhdothe ofcrlewl bhaf iotors to
rotéﬂé2¥Hgﬂbiéég{ﬁb@§ﬂ@tQ&PewT@ﬁll@ahgghgdgsﬁphg%%lE%eplston to
use of a hollow notor to nove a screw sha I'i near |
movess THe N \SiW i -ent 5, 540, 495 i ssued 7/30/96 to
Kr auss- Maf f ei descrlbes an extruder screw drive that
| udes a first no r. translating, novenent of
0.5 iR uana s 08eond ot Gt SOROTIGE ¢ ho S6EpEweRtruder
rotaﬁheidé@trabe@e@nboﬂtnnﬂtj&hmmsahmoehebtemc motor and moved
lengthwise by a hydreulic piston. The screw has a splined

shaft end to permit sliding of the shaft through the gear

drive.

The U.S. Patent 4,8%5,505 to Fanuc Ltd. describes a linear
motor for moving an injection screw linearly. The linear motor
includes a series of permanent magnets attached to 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 to the armature. The
patent describes the use of a hollow motor o move & screw

shaft linearly.

The U.S. Patent 5,540,495 issued 7/30/96 to Krauss-—-Maffeil
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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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

n r|v Lat us for_an
rot i LS TtaT e Trdess Ak Ged BPREE Rowterocerty At ge slide
mealtﬂha‘riorengafgee@rtmet@:rmma&ztt torrguight. thneestolrutetesanother.
One clutch provides rotation of the screw, a second
enabl es forward _nopvenent of the screw and a third .
U.Spr eVerftst t W&C screnPf P oftP8rof-at i RgimkiEké i deissrhdieng a drive
appdmmat faswasa. i NoebBydsaubherunhks l%@l@@@su%e®oﬂid§ electric
5,747 76 to Jarasc ek et al cribes an

Pat ent. No
mot%j@%?‘foﬁn%ﬁaﬁng faciiiee t sE@r%u%ngEFFc ehgs . One
cluttdh rassisleanretecion cofiotbe dcm@wngaas@wbmdamiammﬁsnforward

%ﬁéﬁa m a t he S t.ent
oV . %4 Fggueén%%%/ggﬁ%ogFé§%%§¥n(?g%?%§5% bgg apcrey  trom
rotadrimghgeheht vitfer &5 a bsaniy serewdi $oirmeagr alNy hwdﬁedlan units
are tthegrotor shaft. A notor positioned coaxially with it
rotates the 20 ball screw. The U S. Patent 5,891, 485
i ssued 4/6/99 to Sumitonop describes an injection
U. s apparatus tbat 5n@ﬂwﬁ@$6tmh®d@&c§1@<fte@| e@lri@escmbes an

i 0o 18 P S 50 SIS0 10 LOLAE RSN 1o s

assirgt o¥rs @ﬁe¢¢m&¢mm0h®¢od51vamg aompbedahd theishaftechanism to

advg%gg1g ~48;located in a separate chanber. U S
Pat ent hb 6 068, 810 to Kestle et al describes an 30
injection unit having a quill inside a piston to

The enabl epat it agf son, 2ngd extensi ongobgt he SEHEW DY L N@escribes
an aggllcatlon 0 hydr uljc pressure. A notor_ rotates

SRFTEE WHPERST & ect 8"t d 5t N BBt 1t hfotighdacn the
rotepl sihefto Bherelyr rptateidhed serewallbe wiBlOrit rotates the
balfﬂ§§§?'s to the end of the quill. 35 U S. Patent No.

587 to Shearer et al describes an injection
nol di ng systemthat includes a notor for driving

The 082ES (A rLkale dde £Of ewsapdqa dydoauli e BLSt PBnbOescribes
transl ating the scrlew
an injection apparatus that includes two hollow shaft electric

motors. One motor 1s intended to rotate the screw shaft while
the cother moves it lengthwise. The rotors of the two motors
are coupled to the shaft. Each rotor is located in a separate
chamber.

U.5. Patent MNo. 6,068,810 to Kestle et al describes an
injection wunit having a quill 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

screw. The motor attaches to the end of the quill.

U.S., Patent Ne. 6,108,587 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
translating the screw,
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40 2 U. S. Patent No. 6,478,572 to Schad descri bes an
injection unit that uses a single electric notor to
rotate an extruder SCYGMI and charge a hydraulic

ac t cumul.ator is
Sdl?gggég go str g& {ru%%?dsg? W50, &7 paéittton unit
thaiNous65499, QEQJh%s@kebeSle d@ﬂpaefﬁnrrmeﬁualag dirgksider screw
andfrem ayeol d. thﬁ:ESl%SCéb%qu@_%’%Q' ment s, h;&! Sa%‘gé”

electric  notor is used to rotate the take-ou
ACCHNA AP T meardieteetd i o ot ke straeeeaxwl%x/esewmaf t
linearly. The hollow 10 notor drives the shaft through

b th the speed of the shaft to be
0.5 PRBERO b o BT R, (BE R RE S Eiro gt & THating disks
fromneum&ﬂmb orEMydﬁamldescyhbademmhmﬂdentam&dhoﬂaomDWQfmtrlc
mot%?e §§aﬂkscﬁn§§{|%ota% ghout9g5 ?h% dgﬁg%tbegﬁdthe linear

| near actuator 1s ocat e ero
clegle yat BPEOThiEs Y5 epr di desvantassehbfy Ehaparayh ar gére hollow

mot@&Ndit £68s CORE ehleet kMeougl) 8 RBatenk N%at6é%%%f§g3€ﬁe speed
noto et al and. Eur opean %atent No. 0967064 Al to

of oSQREEl d2 BF i hfEttfon nbfdidy SYdEEMatiadi-ngthe patent

sugdrat t owcBhectsr i pnemtor: ¢ hat m@ztdataﬁefle s@yméméhaft:oama be used
t . the tlne causes aft .to.adv

o %QVQ B S%%ggnnecq%ﬁ1to ai%aFﬁ ©s EFER shigty Fsﬁ%%%?led the

llneerfﬂaftacun&torAleepJa:v@ifeed metesidg rtﬁnteorrqrmm escthetor. This

prosiew 1,0 4 oadthe %@Wé’“f%é&i d l%gag effective.

novenment is provided throu t an
arrangenent that can rotate the screM/lndependentIy of

u. S%hﬁfzéntoﬁﬁf op, the, b@ilgw m%éﬂolgbefmnéﬁdoﬁukgﬁﬁﬁn Patent
r ttac a splined portion o e
oDveitelanl ot Bgedtte Lo8are (1ol SpHi fogmolding systen
havxmgtaohol%bwcmledtnnﬂrmot@ratestaﬂﬂﬂdte§0§6$@t@w shaft and
\Y a ut by, he s aft
at ?é%gt%@mﬂ{ek % Pat gh? nSasf\(/)t 7%2 to‘f‘:a’lmncte by means of a
connrslerdheso an |brfﬂléctacmemo$fdaﬁg/sxslyzsmeemsusfhguamt A separate

met&hagd & Pt oLt apdsgeat tain, 1o, rotatecfhe  screw.and oqin.
a hollow shaft electric notor to nove the screw
Rotatlonal movement 1s provided through a belt and pulley
arrangement that can rotate the screw independently of the
roter 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 bhall
screw to drive a ball nut and thereby move the shaft

lengthwise.

U.5. 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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| engt hwi se by driving a ball screw shaft through a
splined 35 shaft connection. U S. Patent Application
No. 2002/0168445 Al to Enoto et al describes an
injection systemthat also includes a netering notor
and a holl ow shaft notor to rotate the screw and nove
Thet ferog@ascrigrdmngehpilseatiespdctda 3y . pBoTheh&dr d@edr /01 to

KraE@éeﬁ£f§@Pl'dégde}m%JG%osnguQhé§@§d 2l 0L hkQo ondne motor

Krauss- Maf fei descri bes a not or system where
Provptief CREOVI-88S Ir GtoREansAE] %véﬁéntscdﬁ‘e“t h@%ﬁ?eﬁﬂéihatfﬁe other

mot(aﬁd b hevoider 15rém§pa§tpc5@a/1 dego+&Rast atwna&hémvm shaft.
Clu the screw shaft. h arrang ge are used to
ErabreeRa st ocs %eosé? © sepaPafely or"Poget hépr, operate
sepdhetdhpamesecRatient . 61266218 publ i shed 11/25/86 to
Sumtono 1.0 describes a two notor injection system
usi ng hollow notors, a ball drive nechani sm and
The sp?aiPr@éIﬁS%aEﬁ§@ﬂGer FhAG Bat &nto DE 101485 1443 Sdissc| bsesSumitomo

Ces M o6yt A1 o5 s cpiont pn ki) MMM mocore,

i ne, featuring a p
balfa(%é P2 dFE Ve e A el st iped n%ﬁ‘%@t%\n th a stationary

conmponent nounted on a frame and an output conponent

t [ t f ti
cerPRe PEFaEE S € T it otk o a C I Sencilh 1] BGt g tide for a
plagiies (ﬁnﬁdﬂHJONklmdid&hg o puineonmderentr iofy t he plasticizing
scr@&e%fﬁﬁ Mpt oL d S O0Cat &6k i N, 29 1 p@f‘@ét}%g%otor with a

bet ween the drive conponent and the screw
stall@RAFY coHBROReRanpenEe i ARAR Sirager Gingr B It ypE WHoseomponent

pro¥0iady i anrcsconvertiedsikpte tﬂ@thbﬂeafoﬂntiﬁqkéﬁlng the
. conponent.. I n hoth cases, the force

t he out put
pla%%h%@@%ﬁ%@ EhiUgh t he oukPRY" cdRgGRénen sonits of this
kindjnthedou?ﬁu@CEoR@b&@htAmmIﬁ%ﬁl@he&!&ﬂé/ﬁé68881él1ocated in

' 1), h h
ohe Shachesess on, aSLUBker . G 100 DO p BN R (1) L o
elegithc anphpoughrbdre €7)Lingsimchor haougitaﬂz,orEy}ser Waesas rotary
motﬂﬁéaQ&yakﬁgnﬁMﬁkﬂge i) 8k l?ﬁﬁ&agne?8£§59n §P (Ae output

pi ston shaft (5) extending axia
comgqﬁqﬁkﬁ] In both ‘cases, the  force that can be applied

through the output component is limited.

PCT Patent Application WO 03/046388 Al discloses an actuator
(1) having a housing (la) in which a driving shaft (2) is
accomnodated provided with a through bore (7)), which through
bore series as an actuated cylinder (3), at least one piston
(4) mid a piston shaft (5) extending axially in said through
bore, said at least one piston and said piston shaft being
rotatable together with said driving shaft. Based on the known
pricor art, it is the aim of the invention to provide an
improved actuator according to the above preamble, which
obviates the described drawbacks, and which allows aa accurate
and stable positioning of the piston shaft in axial direction.
As a technical solution for this object the actuator according
te the invention 1is characterised in that said at least one
piston and saild piston shaft is movable back and forth in both

directions within said through horn hy actuating said cylinder.
4
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bore, said at |east one piston and said piston shaft
being rotatable together with said driving shaft.
Based on the known prior art, it is the aimof the
. dnv ' to. pr t uat.or co
oid MPKLED {0 DI OULGE,PO, LIRS 0YEH, 301U LRRCOLOLNY  shas
relédrrlaWbabq&s Lhendliii gty aphehs &paddducatidhe aﬁdcst:abEe Operatlon
of tmés'atd‘&fétr&gr Qfnddie RiStan shafils dih dRlaidirgad.i on.
a technical solution for this object the actuator
accordlng to the invention is characterised in that
whiisal thatel eaFie reneespi St onraps sang pietomshafis | §f electric
and_ng grle back and forth in bot 8040 directions.within . ..  _
saVd throtugh hof i By AT nd®said &ifiSidePt @ Thing ection
moldchlipwsaaniaecukheg posilt i oni dgsofibhe opistoreshabinbining the
unidifd alivent ogdhieodrigding. shald . & @9%@9@{@% LU AEg of the
peration he actuator er various erating
scregoridiith ohshobl i feethese Peferentdstiesbdibe l@éﬁyﬁtlon power

proﬁ%ﬂﬂﬁnﬁylQn%uﬁhéﬂfiérhﬁj@@ﬂ@@ﬂY@h@@"Eﬁglﬁk@gent invention
tens for a screw of .an injection- nDIdln

Sy
PEOY fai FOTB2desdfi6Et4°8y detibt M ng” ?hg‘“lgﬁﬁq@@"’antages
of mathtantlages:iof et trerdcoritiroldrdfvithe pasidrisani ng of the

screw with a hollow electric notor and the high

i njection power 10 provided by a hydraulic injection

unit. The present inventi 8EMMARYvi des a conpact

injection unit having the unique advantages of both

electric and hydraulic driving systenms. SUMVARY 15
The THE pisent 11 Vet on PFOVIdesS a?dr f¥éVEni théper &pEgakble  to
traftdd atd amsd aterand otaier@, shabt drtike drivme WRktuding: (i)

i ncl lectric notor (4 ha
no L il of LTa7s - (FOC& TIATH FESFIfdet Ta8)T (fy7y mehps = fluid
cylfmmamonﬁé¢t|nglihb Shﬁﬁtstdothec@@nQCMDmg(41%3oﬁhhhe to the
2ot Bave Fienar Rt eotbr b o R TRE Tk e means
perm:lwﬁlﬁubrtl(%?haﬁﬁdteu Ve virear idrniet | aguphed fviukd the fluid

cyll%érnd3@8 48§n<§° tlhﬁ SH@BBS V@lﬁﬁ?@ﬁ‘tfﬂf %h@ftfﬂ%\/db%yllnder

rotate ol l ow el ectric notor (45) and noved
(484 ehft M%esﬁﬁ‘the Wfﬁﬁ%ﬁ.@st@ﬁ | ey (A8, ahd Whétsich by the
hollde tlucdreyl mder (483) hasidam®d®r lengthwise by the fluid

cylinder {48), and wherein the fluid cylinder (48} has an outer
wall coupled with the rotor (47) of the hollow electric motor
{45) .

According to one general aspect of the present invention, the
drive unit 1is & part of an injection unit for an injection-
molding machine with a hellow electric motor to rotate the
injection screw and a hydraulic piston to reciprocate the

SCrew.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cress—-sectional sketch of a basic drive unit in

accordance with the invention;
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wal | coupled with the rotor (47) of the hollow
electric notor (45). According to one general aspect
of the present invention, the 30 drive unit is a part

of ,an injection unit for an jnjection- noldi machi ne
FIGLi hid Rof FW erEEErPEaoEarct o Fit dte 3 HE = et | GRpodiment
of steewlmnd: auhydr dulri capi shdrctdonecicprdbicaf eméhieine where the
L Serew . 3 Q§%§? THE DRAWNGS FIG 1 is
drl§§c§%%%-§%§§?§%5I ske {%&g$£%f%%§5% drive unit in
accordance with the invention; 40 5 FIG 2 is a
FIGCr08S-:5£Chi eRaksSikdervibaw10fyapr et enned enbodi "BRLy for the
.of the drive unit_for an injection nolding nmachi ne
driviherett o i¥e Uit 45 in an extended position: 5
FIG 2A is a cross-sectional view of the piston head
for, .t he rive uniit shown in.FILG 2;.FIG, 2B is a .
Gba??ia%ss%cﬁFHﬁﬁfﬂvi%%FEF Gstr at'itig %f%@%?%%?%%g a hydraulic
supgupptiyachanned tlee tihies piston oie tdwetdr i wel undltowhown FIG. 2;
in FIG 2; 10 FIG 2C is a cross-sectional view of a
portion of the piston and spline insert; FIG 2Dis a
FIGcr ks isecti 6AEESVEBRESP BRe gl ngf bel tbaffdionisef the piston
and efepOes ; idd&sxc 3 IS a cross-sectional side view of the
preferred enbodinment of the drive unit for an
i njection nolding nmachine where the drive unit is in
FIGa rdiract ed posids omec20drlaG 4iks aoperspectiivenvi eMe it and
-ihe piston and spline insert of the preferred
rive unit; FIG 5 is a cross-sectional sketch of
anot her enbodi nent of the 25 invention; FIG 6A and
F1G 6B ?reigroﬁs'%%%Ebogéktﬁb§@§ of; ;@Rot her.,embadi neny &eferred

the invention having the driving cylinder surroundi '
embggygnent of the drive unit for "an”injection molding machine

encc9

where the drive unit is in a retracted position;

FIG. 4 is a perspective view of the piston and spline insert of

the preferred drive unit;

FIG. 5 is a cross-sectional sketch of another embodiment of the

invention;
FIG., %A and 6B are cross-secticnal views of another embodiment
of the invention having the driving cylinder surrounding the

holleow motor;

FIG., 7 is a cross-secticnal side view of a further embodiment

of the invention;

FIG, 7TA is a sectional view of the embodiment shown in FIG. 7

taken along the section line 7A-T7A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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
6
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hollow notor; 30 FIG 7 is a cross-sectional side view
of a further enbodinment of the invention; FIG 7A is
a secti onal ViGMIOf the enbodi nent shown in FIG 7 35

ta 0 the n.Line 7A-7A TAl LED .
and £ BT ON G T PHEFERREL, ERBEDIRERTSUF: g, "L ©f housing

iTh@st@é@és4ﬁhaalﬁmﬁ&donntﬂ ayémnﬁbe M@rmcy$nmﬂmwm48 has a
spll'nré B0-F18n ko afcp&llelcp hahafis nPrE@é rhgﬁﬁgagguy N8y insert

, a stator 46 a rotor i's sh
flttr%ﬂun@%%ﬁh& m%ﬂflrlwe%oé& rf@oum r¢ﬁéaﬁ@t &hwspéme portion

49, fixesd Qp%gnfybb86§6n48? @H%§§§§ ﬂﬁgéf%Ziﬁ&h@eshown) on a
ortion 0 on its i rior surface i nse

o1 U G e By Pr e vhh ChParRLprAEE Phookhprhed to the

plstportbonis 493t§hﬁﬂspMInmumﬂtﬂéntﬁﬁxﬂﬁﬁﬁgéﬁeSﬁhﬂ@ﬂﬁdﬁ&ectlon

petyNe SO AN & PISLA P SHLL (not shown)

integral w or at ached pi ston 50 is rotated
by nmotor 45 through the interconnection between the

The rQBQEt4Zﬂ§ﬂgﬂkﬂ§ @bSt@We59n1§Qth§OSn§itm@%E@Chf$n§%PW1se by

pi ston 50 i s noved | engt hwi se by | yi ng

applgwégguﬁéuﬂé FPEIHEFIST dé Df ClhECHeatl 3¢ ﬁﬁb Chest ppago of the
pistdi obghtapenghgoh iand 521 | ant;iheszfvaih aneCeralnﬂebf cylinder

V% th d t b
18 Pl ehe MG e nee o 445 G Bht. g ect fon-molding
machhydr,aukhe ofluiot au\g@tterbbasfe;ddﬂﬁzlﬁcapmltle sol Wi emter-based
graﬂ%fﬁéﬂkéﬁhéﬁéﬁes @as%eklnﬁapgiiagga %&%ldénégff 0 49 andg

beari ngs provid wear rings
rotagsys Irheb%chﬂws a@@@ﬁb@?dofﬁw e MHQQ/I5Me@nd8féndd seals
53b.pi stea e%sz%'ég stippetbed 4 and§?&fﬂdé&|@@agﬁg piston
I n bearin and 6 20 Wiile FIG illustrates a

20 tuditrshts ysk%lf%%t‘fe%énrﬂmﬁémwnv 1pRgsecskin | Bgarings 63
and wWi4d.l be able to make any m nor nodifications

necessary to the construction of an acceptable drive

unit in accordance with the invention. For exanple,
Whilgedss othetl tharat 25 sprigdenshadtycobbtdcbeopr oviededvention,

thoskO PREMEqSl)yding,of the.shaft .y any minor modifications

necessary to the construction of an acceptable drive unit in
accordance with the invention. For example, means other than a
spline shaft could be provided to permit sliding of the shaft
while keeping the shaft rotatable. A single key sliding along

a keyway could be used.

The drive unit will now be described with reference to a
plasticating screw for an injection-molding machine. The
invention 1s particularly suited to use in such a system where
it is necessary to rotate the screw to melt the injection
material and move the screw lengthwise with significant driving

force to inject the material into a mold.

Referring to FIGs., 2 and 3, a screw 1 resides in a barrel 2 and
can rotate and move axially therein. Injection material, such
as plastic pellets, is fed to screw 1 through opening 4. Barrel
2 is mounted in injection housing 3 and kept in place by means

of a barrel retaining plate 5. The slot 6 1is designed to
7
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whi | e keeping the shaft rotatable. A single key
sliding along a keyway could be used. The drive unit
wi Il now be described with reference to a 30 _
recdlAstd cali ng: screval onoaukal et ianymldi g MRCRNE 1ot on 23
~The invention Is partlcuﬁar y sUi t&d 1o Use in such a
is ggspeAtluier eInFETEY AECessayon 02Potiatad t heeseiceww ol at the
thrdBddc t BenhBLeebhomo Mabestah andgmoye jtheySef@ed to prevent
I engrthgvm se Wth il gni fi cgnt drivi n% force to inject
rotioheter PP FRPo 4"RBI 8PC3BIREPEY Fitng St & FINES. PSS T ed from
the 3scaescrewrld rést desihas athar rell 12/ antk e rpvateiandof the
. _move.,axi al therein..Injection material, su as
P18l nasgl%c peIT%/% s,géf%l letdyt6Ss<§)rlé?/\‘/”1&?(§1rgﬁghenoagogn? nggoval and
rep Bargretnt 20§ stimpuntierl i h vlnjrecid¢orshousi ng 3 and kept
in place by neans 40 of a barrel retaining plate 5.
The slot 6 is designed to receive a tool to hold the
The skpehr 19| ROpFacE Whi IR Y& pi 5t opn23Ct§ sthet sédnfsr wall 18
thmh@@r%y%ﬁ&e @iﬁ@@néi?ggf rrg_m bhecser @\@7hoaﬂe§t heially along the
t aded, connecti o . Piston stop i.s si gned. t.o
wal b Laht =Ror BEFOH Of SEneaor nent fie Breta o3 Jibiine slots
17 beéidg ret ractied: f ioaebtt ié sor eundbaad ttet gridmes £Reto move
y..extended position of the piston 23. This
len%%%ﬁ/s?ey is provided to enabl e renpval and
repl acenent of the screw 1 when necessary. The forward
The POLIIGR OfoPbst Ofb 23,690LACHS: 41, Cylsi ndes Waldrel® 10rew 1,
. through piston rings 45. The piston 23 npves axially
Whl%ﬁ‘oh@ theachaf| t28Pagt PRe%scr eWwOl e M adv &vded atipvides power
to teéracted. 38pldme sjrotsi re 7cisdmitkel | 9. spkkneri ngerits Inergized
to_enabl e the pistaon to nmove ..l engthw se. 15 The
to 4 Tn et of C50Er opar EEopTSEan 29 and CHerasy T div Bezmanent
magwii chotsrat hawhedrt o apiysthon. 128¢ €boamect ormboxr 8could be used
i.de - 9 the 0 t hy ou Wi appel. .
to B a2 8" Ber 0 7o P Fotare TS FoLSE 1o the Sheink

Fittad of 0 3006r efvdriabley heslla pér nadéwt ramyhet 6r 6eor pe attached

in hayevemher@nys fokbowrel egi1i c1ADtOY conkdabe waedr@9-£016 and
oi te the piston,23 and screw 1. The rotor 16 is
wa J_;,h nROVE| tt%ed® t B FRES cyi-hder SWAt1ROL8INTRE" r oPort S1Eonnected

to cahibdeat adhedisi byanyepihebfwayo it t he. wal $pllBnsoinsert 15
engéégg g@oEQGI5OQ8£s%GSQQQn in FIG. 4) on the exterior wall of
piston 23. Thus, when rotor 16 rotates, cylinder wall 18 and
piston 23 also rotate so there is no relative rotational motion

between the cylinder wall 18 and the piston 23.

Cooling channels 10 are provided in motor housing 11 to enable
cooling of the motor 30.

Piston head 24 is attached to the rearward end of piston 23 by
bolts 31 and includes a plurality of channel openings 37 (see
FIGs. 2A and 4} between regions 372 and 33. This enables the
piston 23 to be of minimal thickness. Piston head 24 rotates
and slides on cylinder wall 22 by mesans of piston rings 45a.

Hydraulic fluid such as hydraulic oil is supplied to regions 32
and 33 through hydraulic fluid channel 25 in rear housing 26 to

8
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wal | 18 nove as a single unit. Spline insert 15 is
connected to cylinder wall 18 by neans of bolts 44.
Spline insert 15 25 engages slots 17 (best shown in
4 e t r, wal 0 T
proé%éiﬁl%%ggo%gtggé %!]?%dgﬁ %O{§ g%dgngégFoﬁgifngﬁ into a
mol¢otate so there is no relative rotatlonal not i on
between the cylinder wall 18 and the piston 23. 30
oling channels 10 are provided in notor housing 11
Thet81éﬁﬁglg 3 Ui RGLBFPEAe SO B02TRI StO afdad! 23Yi geans of
the alfmhabdﬂembl g@ftm@tfeaa?z\aad e?é ﬁfeaﬂl lSathﬁih%3 sy ewbal tis: 3l manner
n ncl udes, a plurality of channe ni n
vl GoRepll 3R e 3] het vikkn oG One S5 . 93, M oLt @ Low
presmabt esst heppiistiot 23ugh behof reghbnmalB2t Hicknessbore side of
thepb§E95nh%@ﬁ 24 Lol akgs gggi@iédegcgné%@ ﬁggélﬁ@éllazspllne
neans of piston rin raulic fTuid such
mserﬁ/fdr &bl e GHIsYre sippl e@orerwme@amn 3pet@pgn3gegions 34 and
35, through hydraulic fluid channel 25 in rear housing 26
to propel piston 23 and screw 1 forward to inject
material into a nold. The piston 23 and attached
Thescyémmﬁearmakﬂraateé mwpﬁﬂﬁﬁbdﬁlnS1Kh€dﬁﬂ$ébt¢h@fraces 13
ter i al Screw
amdgﬁg“nkgh f%ng%%y@ even Vofdg%l ﬁsem%qy }1 mlnlmal
fri%ﬁ%@éuﬁ@sﬁgsapplR@bl¢hr@aghlnhezﬂﬁgroh33ZHJﬁWWEﬁtMﬁ@ in end
iedd dgy ofpqt ' t (8% r
d pr ovi Joledd |gr:delsiglkl%rlag(}nlrlgg.:’sre(—jr%tep1124 telgs ensurdc:ﬂtcéd %Dc(i;) iy 89.
comruni cati on between regions 34 and 10 35. The
Doweeyé | pderwalnld 18rés supper mglmg ol 1 ernbeardxg ;Eﬂ@@é 41 and
and. 14 g fan|It ? ion of the assenbl
t

Cylln%ﬁ%ﬁfl ¥rirction W%sggg? IeﬁﬁﬁﬂﬁqﬁmFQ%cEeﬁég?gy Tor the
endspppoeted1|anén¢ylﬂiqammeiﬂg 8mdihalhobaaeimykauxyd4to the

motdS SMLI edlé)y Jé ng, « 8 (f(él n:}%éa{ olnc; pressures

ousing 11 into end plece 41 an ring
creafe donel s 2P prievento faniha err\:crém:yléf amnd rrewteml %ﬁ ece
41 and cylinder ring 36 to rotate relative to the 20

tog stator 12 as a consequence of rotationa
DOW#‘es Yr 8gteRfledtel By arnd P Gtiad orf of "t heCr ot Bfle16WaRd 22 to

preyurst 0@@3 t@ﬁﬁéhSyZSOEXttel@d Eyomeear OUSi @ 260l NESGtate in

resé:Aéé] g%%atlon 5 piston head 24.

Cylinder wall 22 is in sealing engagement with cylinder ring 36
and rear housing 26. As thesec secals are only subject to radial
stress, they are less likely to leak or rupture than seals that

are subjected to both radial and axial stresses,

Tie rods 19 extend from the rear housing 26 to the barrel
retaining plate 5 and housing 3 to c¢lamp the entire drive
assembly together.

Temposonic rod 20 is attached to rear housing 26 and extends
through an opening in piston head 24. A magnet assembly 21 on
piston head 24 responds to movement of piston head 24 to send a

signal through rod 20 that indicates the position of piston
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prevent any tendency of the cylinder wall 22 to rotate

in 25 response to rotation of piston head 24.

Cylinder wall 22 is in sealing engagenment wth

yhin Lnousin 6.. As these se
heagr%&o% 3 Eb gge?gﬁg g gt?és% %Fﬁg§”bﬁ§§ﬁe§§mﬁrst00d Dy
thoge kil %ﬁlkﬁﬂ@mﬂe¢ﬁﬁnmnmpl¢%ﬂgseals that 30 are

subjected to both radial and axial stresses. Tie rods

extend fromthe rear housing 26 to the barre
Therﬁ?%ﬁﬁ%ﬂaabl sP&es aéﬁaihe%%@oe P6 AERY theléniet@rmined by
meamglméh ﬁssemﬁkm;tﬁgethena éﬁdTﬁﬂﬂﬂﬁﬂﬂ%C4@0ﬂ1£0513manner well
t.ac to.rear housin ext ends. through an

“ndé%StO%g |nqb|ston hég&s imqéﬁﬁﬁuﬁﬁ d<¥enbly 21 on

pi ston head 24 responds to novenent of piston head 24

In B%e%%QQOﬁ QU%QaEebqr u9§2rg%32§regéﬁr£9gac }ﬁ§>gﬂ}mpirt 25,

posi ti on Of piston d consequently s
Thig nfarRAfndtt el @ﬁde?rﬁoéaebyattﬂfés@skhﬂﬁeﬁlpﬁ screw 1 to

movd Nf&ehd - - Mol dinge IhefE@h@tb@n@hesﬁ%%@waﬁdJRP%kaQQed into
fdecreM/l S dgtenﬂlned P means, of a timng belt ,
3 ™8g%ant ehichder 40 ANt T wePe  thdRFstood infdime 32 is

retaitedfaseavanoter peestsuale. ﬂdrcnmmﬁ@ronduthelbﬁglon%%Zreglon

p ur h rt, 2 Th| orces i sto
R e e e e
pistor wak drePrasts cai ahprontietanhe. scﬂ@w boﬂéomnmeﬁmedBO turns

on tBthﬁzHRJdtﬁévi%toﬁt:??eaﬁadtQEetQ@té@hgﬁt%%Qew 1 to melt
region 32 is retained at a | ower pressure for short

pla%%watpeﬁle?ﬁe ?%@Pehed32x?st@ﬁensﬂé%WeekuFPf@GgﬁndOPenlﬂg 1.
DurﬂﬁgI©M1§51ﬂt@SS§[LZ@d @yt had né&é%éﬁk@3téeké@§t% Felatively

ort distance, ow notor 30 turns 15 on
Lo S DR st 0 crsRT5a ot FRe RiasiHeu ot igw g obRebtes Erom
formlragstic p@éleé$tsupmmaﬂmdumnr&9sn$emt&pp®dowghn the screw 1

ret 'ng 4 55@9 EHE (%sfﬁr | t nq%nggmpecgs gtlon of
F o 32 ?

to eep a re ative ressure in regi on
the p‘%%wm1v@ﬁmsO&ﬁarblmbllesllfeﬁmntff@rmh*g prnesherael t After the

screkhe 1moterls 3@uhs yst epped -ywhen tbﬁescﬁéykl-fgqéé%f@§t%ycle is
to a red tern1ned osition. Further retraction of

initdas 1Myl oetur 100 PEPTEYE tFelRBPELBHedsuPEOVide mell
to ﬂHdemﬂkh@av1ty

FIG. 5 illustrates schematically a further embodiment of the
invention. In this embodiment the rotor 54 is firmly attached
to a piston 55 and has a width at least as wide as the combined
length of the stroke of the piston 55 and the width of the

stator 56. Piston head 57 reciprocates in cylinder 58.

Cylinder 58 is shown with a single fluid inlet 159. A second
inlet could be provided, however, in some applications a second
inlet may not be required. For example, in the case of a
plasticating screw for an injection-molding machine the build-
up of plastic injection material at the end of the screw may
provide sufficient pressure on the screw to move the piston

back to its injection position.
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screw 1 has fully retracted, the next injection cycle
is initiated and the injection process is repeated to
provide nmelt to the nold cavity. 25 FIG 5

ThlélEHﬁBB@ﬁSﬁtS%Q%”@HéxﬁééhﬁkJ&g%hgf EQQSgQHEQEFO%tJ¥%e motor

I nventi on enbodi nent” t
out g f akhed hYeg ag Lgics tior BB rarmit hage adwi dehaat |reaa§>tve@s the need

for“@dQﬁﬂ%jkhesﬁéﬂpl&%@neb%ﬂ@hhsgﬁukhetﬁérgk%t%ﬁ the 1o free to
55 and. the wd the 30 stator 56. Pi ston

vt LS EY Teth pHUca ws TP CYTT s 58 < 1 nder 58 i s

shown with a single fluid inlet 159. A second inl et

C r.ov ed hovve kn s ations a
The %%5%89%38_ éﬁ%wn F GgﬁgeqUIr qﬁ%oggex $ﬁﬁ%gr ngﬁéled ro
mak%a‘sbeoﬁtatogs 5;§I d@tﬂlg@a’t iy strewcdorrahd shorter. The drive

unlﬁnhgﬁiho%p%QQQ%nglﬁa€ﬁén%a&gengﬁ!eq UROT £ RLASEHEced size of

i njection materi al he end SCrew may
the prré\EOd-’e Sf f1H Eht YFFESSuUr BNdn weHE I er 8l t‘bh%%sttﬁ%l 55 and

redptstome back 40 tis hajeetion position. 10 This
enbodi nent has the advantages of keeping the entire

notor out of the hydraulic portion of the drive and
In rtepowesdcheergedof f ohea igpldme ghadhowoniectiions Si ﬁxseand 6B,
t t ks f ot.at e ransl te ont
the LIERLS1 8013355 1568 gpat ool LLLANSLELE o0 [Bhcionacy
cyligpigd beodsktrher’ hodidpedrts amkenheotstator 6lston 71 on

beat ONGer 7andntihe 3roter 54 shordLrio TQﬁdd‘?BVSerhﬁE!'tt p‘&%%'o% 71 to
operate in the same mapner but the reduced size
move hée%%vl%ﬂ WoRIF B FRdlEe 2R Re PREIFGRL “dn for& G slftloﬁwt% chambex

74. andA 1eof@ﬁ¢u@e thhies ieast fefcet he5rmé>@tf@ndm tthem piston 71 to

o né) of . t he |nv ntion sho r‘ﬁ s. 6A and 6tB £ n

PEOY edrlve By hder® léur Bund<"t he e?ﬂ)q t grovement - ot the

aSSSnkalyonaH’:yst@ylfami@r7£’v10L5|mgr3:7c®Jmmdm $ismton rings 88.
non-rotating piston 71 on 15 bearings 72 and 73. The
bearings 72 and 73 Ei)ermt piston 71 to nove

The | ehyt v §@. oHoashAgl?e BARECE $EoRtERCheEMt® pirstigmer surface

of @h@ﬂﬁﬁr'WF41WA6§HEH6EHgpk%@@ﬂlﬁﬁ%ﬁl§5v@%ﬁ?ng§t5%°m7 of the
t5¥8to£otor %5 is attached to the shaft 78.

With this arrangement, rotor 77 of the hollow electric motor is
rotated to thereby roctate the shaft 78, The shaft 78 is

supported by and retates in bearings 79.

Providing fluid pressure on either side of piston face 75 moves
the entire assembly of the piston 71, stator 76, roter 77 and
shaft 78 lengthwise.

FIG. 6A shows the shaft 78 in a retracted position. FIG. &B

shows the shaft 78 in its extended position.

The arrangement shown in Figs. 6A and 6B has the advantage of
being of short length but does require a larger part of the
assempbly to move lengthwise. This embodiment also removes the

requirement for a spline shaft or equivalent means.
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provide a driving surface for |engthw se novenent of
the assenbly. Piston face 75 is surrounded by piston
rings 88. 20 The stator 76 of a hollow notor is

Flg@ttﬁcﬁ%@tﬂhfﬁhé@ngrnéﬁr%ﬁ%%tlgkFﬁétt 7%mbgdiment shown in
operating relationship with rotor 77 o to

FigRot P 79¢ s 6dt t HBRER: toll"t&hfee%chaptf 78V IDEg Wet hsEApge toroidal

pls@Uﬂﬁn@ﬁﬁﬁﬁbpaEQE@rpZEt@E§IB%&“&E@W!&%&CtrEﬁ LA difoodiment
78. The shaft 78

rotated to thereby ro e th t
the [ AT Pre AR itk 69t ot Bt 1% 75 SProvi di ng
fluid pressure on either side of piston face 75 noves

As QRO&H tFI ZEFQ%%E f bh%jP'§&8§$ %e%skﬁt9£ngtﬁgtates on

ot or and engt hw se
beafsm& 8 aﬂda82etr§¢tae@rposm<iﬂom ¥} Gls6BixsHows tiweising 84.

Houssﬂaj t8a78a1§ol éec%se@dggsegis: Bgngggg gtﬁgggagfﬁ%géﬁ%t 187 and

n Fig
168 of r%ﬁBFFtFéﬁth But’ idbesorett tena |@rgerspart oRrER@rovided
to assenblyntiersove’l angt hwissec T&Mﬁv@“ﬂ@@'ﬁ?@toﬁbSBS and 86 in

U|renent for. .a s ne 5 0
gﬁb ﬁgm/%ptor 87 of the

ve
a H@qﬁ?&alé%?fnggg Tsheoth Hgdhe
hol jmpdi & i @t i ion ntag dthel senfbiodidrent ﬁhaomaﬁt &l .gs. 6A and
6B where, instead of having a single toroidal piston,
two separate pistons are provided. In this enbodi ment
In qrr i stonseared fixelomndl t heecykphder S8r angisaseshes rotor 87

to AStShewnahd Rirkreby shakt«80 {8esupport edoby ﬁBQVldlng fluid
rotates o bearin s g%band 82 St at or wi ndi ng

83
PreFiyied 19 %s?h@t 287 nf§°84°4r8E8 §H€I5§é§lﬁgs@&n§o move
lengﬁhWﬂH$L86Th@ myhgnHeESel&Zta@@ cl88; hd especthyeky. forces the

conn s (n hown ar.e prOV|ded 10.to0t .
Stato %%ers ?%% gﬁd % grlég Re pist ohs’ 85 4nd fngthwise
dlra&tlQﬁnnnner wel |l understood in the art. The rotor 87

of the hollow electric notor is fixed to the shaft

.. In operation, energization of the stator 83 causes
ThetemeQﬁ@ﬁn@7shown in Fig. 7 1s compact and does not require

a single large toroidal cylinder or a spindle drive. Hewever,
it does reqguire the entire housing assembly including the

hollow motor and the cylinders to move lengthwise.

The selection of an appropriate embodiment of the invention
would be determined by the requirements of the application
being addressed. For example, if limited length was available,
the embodiment shown in Figs. 6A and 6B or Fig. 7 might be
selected whereas 1f welght on the shaft were a concern other

embodiments may be better suited.

It is to be understood by persons skilled in the art that the
invention is nct limited to the illustrations described herein,
which are deemed to illustrate the best modes of carrying out
the invention, and which are susceptible to modification of
form, size, arrangement of parts and details of operation. The
invention 1is intended to encompass all such modifications,

which are within its spirit and scope as defined by the claims.
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15 to rotate and thereby rotate the shaft 80.
Providing fluid pressure to the pistons 85 and 86
forces the housing 84 to nove |engthw se. The
| engt hwi se notion of the pqusi Eg 84 forces the stator
83, rotor 87 and shaft 80 to also nove in a | engthw se
direction. 20 The enbodi nent shown in Fig. 7 is
1. Q@n@ﬁfﬁeaﬁglgogﬁeﬁgbléeg6|E%an@lé%@g%%dl%QQQKEQQ9L§EQEt said
i nder or a spin drive. However, it does require
drlv?h%“%%t??%?%%%%ﬁ%g assenbly including the hollow
notor and the cylinders to nove | engthw se. 25 The
sel ectd omo bfoware &pprobr i mteoenbbdi nemtiof 4 heotor {(47);
i nvention would be determ ned by the requirenents of
t he appl foatd oyl beisg addy essed. For exanple, if
limted Iength was avail able, the enbodi nent shown in

Fi gs. ﬁ f@ﬁ ol 'eg:tl?qu aht b§h§9ts%' ecér?éj VRELEas 47) of

i f m5| on t concern ot
%Wn%l;ﬁcb*efjo’ét“ﬁ@?o%ui%?edf It is to be

understood by persons skilled in the art that the

i nventmeams spaohitiimgedato sheftl ktustuats drsigthwise coupled

ﬂﬁ%@ bed, fw e 1350&@4% L8 t%e(;msd toillustrate

est nodes of € arry e |nvent|on and
whi ch are susceptible to nndlflcatlon of ze, ,
ar r angerent SRS Hhd Sdecai FdUdf oﬁ%ﬂé?ﬁ%ﬁ Tﬁ%) to said
igtveniti on is intended to enconpass all such
nodi fications, which are within its spirit and scope

as defjmedpy the £l aigs:: 12,0 elemsﬁo at&d%ye U hollow

operable to translate and rotate a s said drive
Ui &< dorpr S 44 é4ﬁél|%mﬂelr@b‘f%dc1@émﬁlwe@§) Rivi i@ fluid

rofoindey) (48%; fluid cylinder (48); nmeans for
connecting said shaft to the rotor (47) of said

hollovwéle&wgawom‘*é), petting. sald oueer wa1l

}per
shaft to nove engt W se co&ﬁﬁ"g Sai | ui d

d?@WWkﬁﬁ %yﬁn rotor

2. The drive unit according to claim 1, wherein said means for

connecting said shaft to the rotor (47) includes:

the means permitting said shaft to move lengthwise.

3. The drive unit acceording to claim 2, wherein said fluid

cylinder {48) encircles said hollow electric motor (45).

4. The drive unit according to any one of claims 2 and 3,
wherein said means permitting said shaft to move lengthwise is

formed on said interior surface of said fluid cylinder {(48).

5. The drive unit according to claim 1, wherein said means

permitting said shaft to move lengthwise includes:
13




means connecting said fluid cylinder (48) to said
shaft; whereby said shaft nay be rotated by said
holl ow electric notor (45) and noved | engt hwi se by
said f] uid . | ] ( ; erein id-fLul vli.nder ..
(4882p halaséfglnlrg%t '}Lequg%a\:l ﬁ%’%u\é!}?leda V\W?ifsglfdsrg%goﬁﬁﬁi% Cylinder
2(48Phe &9 ve unit according to claim 1, wherein said
means for connecting said shaft to the rotor (47)
I ncl udgstirde (MFansrper=md tdtngrtsai d shaft to nove
| engt hwi se. 3. The drive unit according to claim 2,
wherein said fluid cylinder (48) encircles said
holl ow el ectric notor (45). } 4. The drive unit
cording_to any one of .claiyms 2 _and 3 erejn, sa
6. N eEda T SRaPiERT T A6e Tenglhw STl @ and 4,
wherdigy negidnmsand ifmrerdometir fragesoafdsahd ffol tiad cydi mdepr (47)
inc1d48).. 5. The drive unit according to claim1, wherein
said means permtting said shaft to nove | engthw se

includes: 13 a spline i rt (15) on a wall qof sai ,
f1uid acy?‘?%ld“e‘? l‘?i%ﬁ? éﬂg?sﬁlni r?eswetj%)oﬁﬁsgégd fZHégt cylinder
6(48Thve adrd ve unit according to any one of clainms 2 and
4, wherein said neans for connecting said shaft to
the rodorided) (17)neudes g arsidd ne insert (15) on a
wall of said fluid cylinder (48); and splines (17) on
said shaft. 7. The drive unit according to any one of
claims 5 and 6, wherein said fluid cylinder (48)
es: a piston (50) attached to an end of said

inclu
7 gﬂ%ﬁtgréVeT Idr i 9E°ARPENEccdt dPRY tany foneldtns 5 and &,
wheredlmigmidl,f12id,c 8 imrd 6,4whdaneilmiceai:d rotor (47) of

said hollow electric notor (45) is firmy attached to

an outer,waldn ofssaid Jfdiad o iNd&ng of said shart.

8. The drive unit according to any one of claims 1, 2, 4, 5
and 6, wherein said rotor (47) of said hollow electric motor
(45} is firmly attached to an outer wall of said fluid cylinder
(483},

9. The drive unit according to any one of claims 5 and 6,
wherein said spline insert ({15} on said wall of said fluid

cylinder (48) is intermediate ends of said fluid cylinder (48).

16. The drive unit according to any one of claims 1 and 2,

wherein said hollow electric motor (45) includes:

a stater (46), and said rotor (47, 77) has a width

substantially greater than said stator.

14




(48). 9. The drive unit according to any one of clains
5 and 6, wherein said spline insert (15 on said wall
of said fluid { cylinder (48) is internediate ends of

11. sahd Huid C%ﬁi?d%%c(ﬁ%ﬁnglaco Tv\;flaq}[n' V& un%ﬂﬁ?%?rqr A% otor

to an?{‘ one al ns erein aid
(47, el dét PRE Rot'oFALH 48305 el st v acgbat ok o( 46)comrideshiwdidth of

saidf @H:@fto(t47 4d\7) ahas 2 wkdbhe Subsiaptiabhy @ieaten tham rfiuig
14 % mz%gtor 14 11. The drive unit according to claim
CYL49tr Bin said rotor (47, 77) has a width
substantially equal to a conbined wdth of said
stator (46) and a stroke of a piston (50) in said
fluid cylinder (48). 12. The drive unit according to
12. CTE@HdﬂivembeﬁeiBcsakdlhqtﬁbidiaﬁﬂﬁMLYWﬂdﬁ&MﬁdxﬁQirotor is

! [ [ ( s le wise wth said : .
fl%mgfsgg%a%%%%.1? %ﬁe rlﬁé un??bgcé%¥%|%%v?% gﬁﬁggﬁglse with
saldopigtains®d) and 2, wherein said hollow electric notor

(45) includes: a stator (12), and said stator (12) has

a wdth substantially greater than said rotor (16).
14. The drive unit according to claim 13, wherein said

13. Sf’ﬁéordrl(v%z) 9@ %c‘@oglcﬂ gt;Ub%E)arg ya ﬁa%? &81%}5 1 and 2,

conbi ned w sal

Wher%}%t%‘ﬁl?Z@‘?ll%""s‘%\l%{C‘ﬂFwdﬂ%VPlFnﬂ ) J(mcsyudq%. The
drive unit according to claim 14, wherein said rotor
(16) i=s fsrador at tldohed atol saiad dpi stano¢50) 1and mP¥esa width
I i I, t p 50) The drive unit
e T i e e Rt
and 9, wherein said fluid cyllnder (48) rotates on
bearings on a fixed notor housing. 17. The drive unit
according to claim 16, wherein: said fluid cylinder

14, (¥sy ﬁﬁ@V@d@ﬁlQﬁ@ﬁ@@zﬁnQQByo ad@im5l3, wherein said stator

(12} has a width substantially equal to a combined width of said
rotor (16) and a stroke of a piston (23) in said fluid cylinder
(48) .

15. The drive unit according to claim 14, wherein said rotor
(l6) is firmly attached to said piston (50) and moves lengthwise
with said piston (50).

16. The drive unit according to any of one of claims 1, 2, 4,
5, 6, 8 and 9, wherein said fluid cylinder (48) rotates on

bearings on a fixed motor housing.

17. The drive unit according to claim 16, wherein:
said fluid cylinder (48} includes:

a piston (23), and

15




18.
12,

19,

rotates on bearings (13, 14) on a motor housing.

20.

21,

wherein said rotor is firmly attached to said shaft and moves

said fluid cylinder (48), said piston (23) and said
rotor (16, 47, 77) rotate as a single unit, and said
pi ston (23) noves lengthwi se within said fluid

cyl i nder (%&Qld 1%1uIBe %}ifﬁ‘dé@' t 4%‘%‘3”95;&9 tp%%%\h onNes3y and
of clains 1 4, "wherein: said

drive i Ji‘i’ﬁﬂ%d@sé # frot ok mﬂrsc::}frfg Y26) S s t, and
fluid cylinder (48) is attached to an outer wall of
sai d notiot bassbng (36) . mb9esTheedgivel smi twiddcor deagd fluid
to cl ergin said shaft rotates on bearings
(13, ?%g@f%d%gnngg%r housi ng. 20. The drive unit
according to claim9, wherein: said drive unit
i ncludes: a notor housing (36); and said fluid
cylinder (48) is located along a periphery wall of
sdid Abivr houdi nr¢ae)in@ltoThevdréve @A tclacdsr dingll, 11,
19 Ay one Wedalms 19 and 20, wherein said rotor is
firmy attached to said shaft and noves | engt hwi se
with s L, s 22.. The dri e unit of any one of
cl ai rrssaal 2‘91&35‘};e 1§70 £ HaBdes ™y T %50 and 21,
wherein said fluid cylinder 48) is at | east
partial |y sttRRit¥d WithiTe cortine®df said hol | ow
electric notor (45). 16 is
sald fluild cylinder {48} is attached tc an cuter

wall of said motor housing (36).

The drive unit according to c¢laim 9, wherein said shaft

The drive unit according to claim 9, wherein:
sald drive unit includes:
a motor housing (36}; and

said fluid cylinder (48) 1is located along a

periphery wall of said motor housing (36).

The drive unit according to any one of c¢laims 19 and 20,

lengthwise with said shaft.

22.
13,

The drive unit of any one of c¢laims 1, 2, 5, 10, 11, 12,
14 15, 20 and 21, wherein said fluid cylinder (48) 1is at

least partially situated within confines of said hollow electric

motor (45).
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