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systbhat é@ﬁés%tBohhgn@hgermﬁla@vgﬂﬁagag PP ETb? Omotors to
t he surround IJH%‘ stator. w ndi ngf%to cause

a
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hol | ow notor to nove a screw shaft linearly. 5 The
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drive.

The U.S. 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 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 to move a screw

shaft linearly.

The U.S. Patent 5,540,495 dissued 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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nmeans for translating the screw and the slide neans
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are aﬁﬁdngenent where a ball screwis integrally formed on
the rotor shaft A notor positioned coaxially Wth it
rotates the 91, 485
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advanoEOtheoScmhw'tmo notors are coupled to the shaft.
Each rotor is | ocated in a separate chanber. U. S.

Pat ent No. 068,810 to Kestle et al describe
The ﬁhﬁaﬂﬁ%ﬁ?qhnﬁ H4i mft aleRined PASTHER EOpP?PHﬁ§ Fd. Gescribes

a&%fatgeemérﬁt r@]gétenganﬁs]tletxt@@ﬁe@nl@f idtee@ea ¥ bfothed on the
pp tion o raulic ssure. not or, .rota
IOtOFheS}tﬁf , BwHieHR S spo%btftjn%lg?(gdc?gxfﬁil gi SFdi th rou%ﬁates the
ballsplcireer.t o thereby rotate the screw The not or

attaches to the end of the quill. 5 U S Patent No.

6, 108,587 to Shearer et al describes an ection
The bl ¥ nBatgsterh (a0, 43ic| gesed AdEdPO S otcOd upyiggmo describes

an GRS i robpLEathe seheW idRd dy diddll he1Rbet @haff®S electric
motors. One motor 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 quill inside a piston to enable
retraction and extension of the screw by the application of
hydraulic pressure. A motor rotates the quill, which is
connected to the piston through a spline to thereby rotate the
screw. The motor attaches to the end of the quill.

U.S. Patent No. 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.



translating the screw. 0 2 WO 2005/018907
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of an asserlljghy th |s Iar r an | ess cggt effective
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metering notor fotates the screwto | oad the screw
Wth resin. Rotational novenent is provided through a
U.s.bepdrand nul.l 6y, 517 r3B@erentEridial  ean alotat@ tE:Irmo@elaeLWPatent

i I f _th
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Rotatlon%leiar mtorvaelmnentto rl%t atp?fotvrjl.ded 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.S. Patent 6,530,774 to Emoto describes an injection molding
system ﬁsing 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.
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screw and a holl ow shaft electric notor to nove the
screw lengthwi se by driving a ball screw shaft
wo boosogon  splined ,5 shaft connection. U. S PEHCaR103/001260

Application No. 2002/0168445 Al to Enoto et al

describes an injection systemthat also includes a
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unit. The present” invention provides a conpact
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connectlng neans i ncludes neans that permt the shaft
to nove | engt hw ggmmaRiCol phE HiERGSbN S cOnnected
to the shaft whereby the shaft can be rotated by the
notor and noved | engthwi se by the fluid cylinder.
The invention provides a novel drive unit for translating and

ﬂtoperate

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 zrotate the
injection screw and a hydraulic piston to reciprocate the

sScrew.

More particularly, the invention provides an injection unit for

an injection-molding machine, the injection unit including a
4
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According to one general aspect of the present
invention, the drive unit is a part of an injection
wainios/0fs9n7 an i nj ection- nol ding machi ne with ap¢DCA2M83/001260
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of d?ﬂét&fbﬂénséh&@&é§ eheneéc%eﬂarlﬁﬁéla%élgf tB@ating means

first and second-cylinder wal rst end portion
is afftaghed piter o engages e FPF§ttecy¢]ilﬁdé’rls\Wﬂr aR@eq rotating

meange%%bﬂnﬁﬁ@ Q@l@lpﬂst@rﬁ tfae Qlih@n £ngageshbhecsecondr walls,

der rotatin fach t he
eirsf bREEhel o e PP ORI L £ iR drive the
plstparﬂmta1ﬂurwaﬁﬁ(ﬁnﬂenﬁmonkammoegcbhé chbhnder meainss provides

hydr%Hi§E %HQHQF“: &£§¥ Q%édﬁisQ%ﬂf%Hl' ré%ég Cﬁarlg%lon and

iston in Fection and Second
an lﬁééﬁ§19ﬂ0‘$péé‘y igyataarheds kgi gneo egdi W& tthe pisttom.in
a reverse direction and an injection screwis

attached to one end of the iston. 5 1n a preferred
In 2nggcrirnte ¢ e Pydgpulégst Unphr 1@l (3 least

partsatlgt ed t\miaﬁzléidn mmelllmoldmv el Dbw ot BET £BY thE@¥bYe pRovide a
naller and nore conpact %Eienbly BRI EF DESCRI PTI ON

smal it T READRRHPNGSRRG TSFS dross-sectional sketch of

a basic drive unit- accordance with the invention;

5 FIG 2is féﬁoﬁ P dﬁ{ﬁlﬁﬂkﬁm_@spreferred
enbodi ment n nol di ng
machi ne where the drive unit is in an extended

FIG.POSI {50 ELGss28eb6idnsl 0kt | 9Raly VibgW: of éﬂ%e unit in

iiston head for the drive unit shown in FIG
accogdance witg the gnventlon,

FIG. 2 1s 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 view illustrating a hydraulic

supply channel to the piston of the drive unit shown in FIG. 2;

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

and spline insert;

FIG. 2D 1is a cross sectional view of the timing belt and

encoder ;
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FIG 2B is a partial sectional viewillustrating a
hydraulic supply channel to the piston of the drive
wapios/osfrorwn in FIG 2; 5 FIG 2C is a cross-seCcr/canmb/001260

FIG. Vll éw f a aporéf@é‘s Ogec!%rpé.?t O@ldéndv§%ﬂ' n%fi N %bt | lpreferred

D is a cross section vi ew of e t|n1ng
embogppengnfdekle 5 dnbveoosricisboy peT/ioneusiopl1peddingGmachine

wherd tHeadehQesusest 1@nah asikderuicewaobholhe iRref erred
enbodi nent of the drive unit for an injection nolding
machine where the drive unit is in a retracted
FIG.pasiitsi can,peﬁcslijé&tlé’vé SvicewesSpeied | pesvbawanltl theipestioert of
the angfggk insert of the preferred drive unit; FIG 5
P$~a

crossdgéc i 3R4IC'sket ch of another enbodi ment of
the invention; 0 FIG 6A and 6B are cross-sectiona
FIG. VEG\% f ﬁ%&%e@d%l“%ﬁet&i 5f‘eah8¥ﬁ?% %Hlbgél\ﬂngﬂg of the
riving cylinder surrounding the ow not or
invepfEEeny js a cross-sectional side view of a further
enbodi nent of the invention; FIG 7A is a sectiona
vi ew of _the enbodi mrent shown in FIG 7 aken al on .
FIG.{ e a0 PIRe CFRSPAS S "BDETAILED DESCR PTFON"EE odiment
of PREFERRERtEMBODLMENIG SEhei glrilvind ustfdneert heurrounding the -
' gn in a sinple form As shown in Fig. 1, a
hOllha ﬁg&lghaft notor 45 has a housing 61, a stator 46 5
and a rotor 47. Stator 46 is shown nounted on a wal |l
F1c.0F hoyshng Bk The didh@h Afids {ixgd ANt e¥ktRder edBodiment
Cylinder 48 has a spline portion 49 fornmed on its
of thﬁtéPVSPtéepface An insert fitted onto the cylinder
48 coul d replace the spline portion 49. The spline

p rtlon 49 en es spllnes 2. {one_shawn n I ston
rre. B L A e RSB R R om ™ bgFar GTDRoOreRh SRl 68 FIC. 7
takenhalopgstba Secicsonoflaned 7By 7&pt or 45 t hrough the

i nterconnection between the rotor 47 and the piston

50.
DETATILED 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 rotor 47 and the piston 50.

The sghaft attached to the piston 50 is 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 is 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 49 and

rotates in bearings provided by wear rings 53a and fluid seals
6
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The shaft attached to the piston 50 is noved
| engthwi se by 5 applying fluid pressure to either
wWe e/ 0090t he head of the piston 50 through opeei/0g2003201260
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.and gnaphite solution. Piston 50 slides on spline portion

49 and rotates in bearings provided by wear rings 53a
and fluid seals 6 WD 2005/018907 PCT/ CA2003/ 001260
Whil&3BIGTha mﬁﬂuse:mwm yriodimetioard 7skeythndér 48 alﬁl@lfention,
is r.ot at ab su rted and axially |ocat.
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ermt slidjng of the shaft 3 while keeping the shaft

a ke?H?XtSBP h eshfi§fe- key sliding along a keyway coul d
be used. The drive unit will now be described with

The r&éf&gn%lt@ 3\711& a§1t 'wcaial ”%ﬂé&ég%éﬁr 1th reference to a
i nj'ecti on-"nol di'ng mach PRvent

plaspaeeténgar Byrsui t drt oauselnnegugﬁnams&tﬁu@m vvh@ncénme The

inveh®iBRCESS %fa)fﬂl%dlcgﬂf dhe-Ser ey h%emfilrf §ka9’1' A §9t:>i:@ﬂ where
material and npve the screw | engthwi se with

i1t I gMSSSESHREYr 6 nﬁOt?B‘?cé‘—}f% iShEet  £Re Hatkritdte i dpgection

-mateifhl 8nd3 mdefeertHan s dew| (Eng 2hwahéle 3w1ﬂh5%|i9W1$1cant driving

resides.in a _barre d an_r ot at.e and nove axially
forc?hg?eﬁﬂjeFﬁjgg Eﬁﬁ%@? éP% Sstch® gs plastic pellets,
is fed to screM/l t hr ough openlng 4. Barrel 2 is

RefeﬁPHHée@o' Brk ect gy housi ng..3 i wargpl %8@51%239 ]ﬂ’lagebg¥rel 2 and

barrel” retdining
can &@éqag‘-r@edam@ BoVEC e lal obherglﬁol drgee tseomewnatenial, such

as pRkhaeecwhiche ke Risstim 33 é&év@t@t\?ﬂréﬁg}inéﬁéﬁ%{:}h@ Barrel
piston 23 fromthe screw 1 at the threaded connecti on

2 1ShgOUBSCor Lt Hb) 9 FLORIGAPYRLATL & FPEUSHPT 1ok aPFoRC Py means
of d hkateell vﬁemiﬂn;eﬂ@l Hlene2351 s berlheg sbbtad edsf raBigned to

rece%?gt %C ll to %oq.%l rhrg nsecsretvp uI 'Q!laec’:‘ée{}ﬁ:??epgﬁét Jplston 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 tool 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 when necessary.

The forward portion of piston 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
. ,



piston 23. This facility is provided to enable renoval
and replacenent of the screw 1 when necessary. The
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The piston 23 and attached screw 1 are retracted by means of
the build-up of material at the head of the screw 1 in a manner
well known in the art. To prevent voids in the melt, a low
pressure is applied through the region 32 to the bore side of
the piston 23. Slots 38 (See FIG. 2C) are provided in spline
insert 15 to ensure fluid communication between 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
friction losses. Roller bearing race 13 i1is supported in end

piece 41 and ball bearing race 14 is supported by ring 89.
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those skilled in injection-molding.

The rotational speed and position of sgscrew 1 is determined by
means of a timing belt 39 and encoder 40 in a manner well

understood in the art of servomotor control.

In operation, the region 32 is 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 is
retained at a lower pressure for a short duration. The region

32 is then depressurized and region 35 pressurized so that
piston 23 retracts a short distance. The hollow motor 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
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rotate and translate on the bearings 59 and 60.

The embodiment shown in FIG. 5 could be further 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 to
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rotate and translate on the bearings 59 and 60. The
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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 cylinder 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
to 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 rotoxr 87
to rotate and thereby rotate the shaft 80. Providing f£luid
pressure to the pistons 85 and 86 forces the housing 84 to move

lengthwise. The lengthwise motion of the housing 84 forces the
. 11
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1. An injection unit for an injection nolding machi ne,
said injection unit including a hollow el ectric notor

wapasaisobydraul i c cylinder, a first cylinder wedT/Ca2003/001260

WHATES'FFCEH&?BI f:Q cylinder joined to a rotor of said

1.

OW o a second cylinder wall of said
hydraul i c cyI i nder connected to a stationary portion
af daijedidldrowunttorfol phstion et idabl eoldiong machine, said

nﬁ%&%?énsu&é es; cglé.m%%flrskoaggwse§gggt%¥|'qgg{or and a

afirs on engagi
baddaulwst:%yndﬁerer a/\mursﬁnd:zalmdwaehb pértsa@ri dfydraulic

?lﬁn@én?t 9%1:1%%’93[96”9 3R rsesonds eyl dalowhdeoR, a second
urality of splines along a central portion of said

ﬁY%%’éﬁeénd“’aa“spqunesﬁﬁger}tydr%’éﬁjoc| feerfdexegpynected to a
§@aﬂ§§ﬁ§ﬂyt Posalidy dorsand aagagwngnotfoa_z_r d §ppbiBedn slidable

t h I f di i fluid._t
BLPOE G0N oo FACF P ari 0L r B4 Fon i SBEBRA Svlinder
vhahael amedhgstorepd opoditignhydf aldaicd f puksttoho egaging said
%?{cgt Bkﬂﬂae!\rnv%lrle\éﬁfdsea dééce?‘i&d Oéh%‘ %. g’?f’i‘gﬁ Ler saE).d piston

i njéction screw to sai
glag@lgpngt caisl |moncl erigl Foflee wWRdAg %uml@mlwév of splines

Jaﬁ]éﬁ{;t avben chydr ad4c@dd %t dgay@rb@@@oﬁsaﬁet at ed1B¥e insert,
sai d spline cannéction when sajd notoy_is activat ed

folfotiaierdai dixetlory. Pngerhed ekOi oFRtMhi FOrOF appd engaging
gsajiiect(?pariﬂmihdl fgrsaciihenesal teans) gf@tﬁ opgr%rﬁidlir_lg hydraulic
cl ng.a.no ow.el ectrlc,notor._an raul 1 C
eyt akr Biv3, sBYelpRRbER ol 1 6pRAER AliReeE and second
chhindeér njegirsedf o priogtidingf Iselxhibld oWlmitlorto adrive said
sesond gyl L nder, wald Qiréétgoﬁyg&ﬁPLh&aﬁ¥lHﬂggrattachlng an

connect e to a statl onary port| on of sald
P efrtianpesEe s19 dadie PapsRy. i mhenedy s%@%%c@éSBPn slides

sahgrhii st aa@oﬁgcoadlayl sﬁd%e Wa.;hls%a:ta st @R@raulically

ortion of said plsto n first | i nde
afaweanamg setont éﬁ&"gp %"i’%‘gf S8 FHepu%‘%fB"ngfe]r@th]F@n said
matdrseeoadtstylatadetovvabtatéotsaﬁdngoﬁeans attached to

said rotor for rotating said piston, said rotating

means permtting said piston to slide along said
&yl iimdectiadt suniti r&ir channiel] ex@ien f orlgioe diaghine, said
Bydeaplbs Tl d todiidihg S3l dnBisbaN bileBebobWaidkor and a

ITecti on and secon annel neans_ for providing )
hydravlie Fréiades. da \férﬁa Fphistdpr iweal of said hydraulic

cylinder joined to a rotor of said hollow motor, a second
cylinder wall of said hydraulic cylinder connected to a
stationary portion of said hollow motor, a piston slidable
along interior surfaces of said first and second cylinder
walls, a first end portion of said piston engaging said
first cylinder wall and a second end portion of said piston
engaging said second cylinder wall, rotating means attached
to said rotor for rotating said piston, said rotating means
permitting said piston to slide along said cylinder walls,
first channel means for providing hydraulic fluid to drive
said piston in a forward direction and second channel means
for providing hydraulic £fluid to drive said piston in a
reverse direction and means for attaching an injection screw

to said piston, whereby said piston slides lengthwise along
’ 13



reverse direction and neans for attaching an injection
screw to said piston, whereby said piston slides

wo erwgvisse al ong 13 WO 2005/ 018907 PCT/ CA200B¢D0A296/001260
saig eyhipder wahls Wheh hehauhlically dINAG Atk 1% rotated

rot at ed ysal rotatlng notor IS
ket i vated 1-atigtat emesmsd vbesr . s@id Angtgjrectisonaghivated to

asrdeki Badda rogbai.m 2 wherein said rotating neans
includes said first cylinder. 4. An injection unit as

defined in claiml1l, claim?2 or claim3 wherein said
aecomdjeythnderummtl 88 oflefhngér thaneia&imt h@an wissddsin said

Eg&lﬁﬁl?ggg%awgk udds églbngﬁ%%urt Ynityas defined

R ¢l a or “clai er |nclud|ng
nmeans for sensing rotational position and speed of

ﬁﬂt%hb%@tqgns%thmég(Hbffhedvhﬂr%fgiﬁof uEih1ﬁ$2 or claim 3

definéd in claim1, claim?2 or claim3

Wﬁerﬁapnﬁaﬁr@a%‘:\o@fi §éfﬁé|'ﬂ|§@rr W&% éﬁapfpéﬁrtqeéﬁ Hypneter than

speadrob-seotatiiafeef wgaind pi ston wherein said neans
for sensing includes a timng belt and an encodi ng

nmeans. 7. An injection unit as defined in claiml,
ahaiimj2card otl ainht3 asf utdhiered niok udlagnal | eppasoni2c okodlaim 3

d .Q .
S SE0R 1 B0 L TSRO 20 ana
speadcFi naéptign AR isaidcpietouni t as deflned in

claim1, claim2 or claim3 further including dowel

neans ,betvween sai d second cyllnder wal | and a rear
- ABuLPAGCEE OBal gy A A RS i HieFlakBi 4 db@dM AegFs claim 3

ﬁﬁevﬁﬁtlﬁ@cﬂuﬁawgmmﬁaﬂﬁnﬁﬁﬁﬁﬁeﬁé1ﬁ@lQoﬁ&@@ﬁﬂal pOSltlon and
%égig erfmgjk %el%tlvg ta.s q% ﬁ? £
PRESEL iOn GRIE A dePT nddt BFglﬁ?l T 2° I%fﬁ?s or
SenSMnghencﬂndbadangldawelbeéananﬁeaweencadhmmsmwgns

menber of said notor and a cylinder ring supporting

said housing nenber to prevent relative rotation of _

48j dn3egtépPnnE t Bes inesl st cck3dmnder clamg. 210r claim 3
Bﬁrtﬁéﬁcih@muaﬂhb bOk B okbheet Hea: &Qltglc%dmms%ada%lrst or
defined in c au¥1 claim2 or clainB wherein sa

ﬁ@}grsegon portion to sense the 1ong1tud1nal position

of said piston within said cylinder.

An injection unit as defined in claim 1, claim 2 or claim 3
further including dowel means between said second cylinder
wall and a rear - housing of said hydraulic cylinder, said
dowel means preventing rotational movement of said second

cylinder wall relative to said rear housing.

An injection unit as defined in claim 1, claim 2 or claim 3
further including dowel means between a housing member of
said motor and a cylinder ring supporting said housing
member to prevent relative rotation of said stator with

respect to said cylinder ring.

. An injection wunit for an injection-molding machine as
defined in claim 1, claim 2 or claim 3 wherein said rotor is

fitted to said first cylinder wall.
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11.

12.

13.

14.

fitted to said first cylinder wall. 14 WO 2005/ 018907
PCT/ CA2003/ 001260 11. An injection unit for an

w0 poso1890n- nol di ng machi ne as defined in clai nPAT/Cak@B1260

2 or claim3 wherein said first cylinder wall rotates
on ball bearing races. 12. An injection unit for an
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An injection wunit for an injection-molding machine as
defined in claim 12 wherein said rotating means includes a

spline insert engaging splines on said piston.

An injection unit for an injection molding machine, said
injection wunit including a hollow electric motor and a

hydraulic cylinder, a first cylinder wall of said hydraulic

cylinder joined to a rotor of said hollow motor, a second

cylinder wall of said hydraulic cylinder connected to a
stationary portion of said hollow motor, a piston movable
along interior surfaces of said first and second cyiinder
walls, a first end portion of said piston engaging said
interior surface of said first cylinder wall and a second
end portion of said piston engaging said interior surface of
said second cylinder wall, rotating means attached to said

rotor for rotating said piston, said rotating means
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interior surface of said first cylinder wall and a
second end portion of said piston engaging said
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An injection unit as defined in claim 12, claim 13,‘claim 14
or claim 15 further including means for sensing rotational
position and speed of rotation of said piston wherein said
means for sensing includes a timing belt and an encoding

means.

An injection unit as defined in claim 12, claim 13, claim 14
or claim 15 further including a temposonic rod attached to
said first or said second end portion to sense the

longitudinal position of said piston within said cylinder.

An injection unit as defined in claim 12, claim 13, claim 14
or claim 15 further including dowel means between said
second cylinder wall and a rear housing of said hydraulic
cylinder, said dowel means preventing rotational movement of

said second cylinder wall relative to said rear housing.
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or claim 15 further including dowel neans between said
second cylinder wall and a rear housing of said
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shaft to a rotor of said motor, said connecting means
including means permitting said shaft to move lengthwise and
means connecting said fluid cylinder to said shaft whereby
sald shaft may be rotated by said motor and moved lengthwise

by said fluid cylinder.

A drive unit for translating and rotating a shaft, said unit
comprising a hollow electric motor and at least one fluid
cylinder encircling said hollow motor, means for comnecting
at least a portion of said shaft to a rotor of said motor,
said connecting means including means permitting said shaft
to move lengthwise and means connecting said fluid cylinder
to said shaft whereby said shaft may be rotated by said

motor and moved lengthwise by said fluid cyllnder
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has wi dt h substantially equal to the conbined w dth
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8yl bpdBIl. wherein said rotor of said motor is firmly attached

to an outer wall of said cylinder.

33. A drive unit as defined in claim 29 or claim 30 wherein said

spline insert is on an interior wall of said cylinder.

34. A drive unit as defined in claim 25 or claim 26 wherein said
motor includes a stator and said rotor has a width

substantially greater than said stator.

35. A drive unit as defined in claim 34 wherein said rotor has a
width substantially equal to the combined width of said

stator and a stroke of a piston in said cylinder.

36. A drive unit as defined.in claim 34 or claim 35 wherein said
rotor is firmly attached to said piston and moves lengthwise

with said piston.
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36. Adrive unit as defined.in claim34 or claim35
wherein said rotor is firmy attached to said piston

w@pwsosees | engthwi se with said piston. 18 WIPCT/CA2003/001260
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A drive unit as defined in claim 25 wherein said unit
includes a motor housing and said cylinder is attached to an

outer wall of said housing.

A drive wunit as defined in claim 42 wherein said motor
includes a stator and said rotor has a width substantially

greater than said stator.

A drive unit as defined in claim 43 wherein said rotor has a
width substantially equal to the combined width of said
stator and a stroke of a piston in said cylinder.

A drive unit as defined in claim 44 wherein said rotor is

firmly attached to said piston and moves lengthwise with
saild piston.
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A drive unit as defined in claim 48 or claim 49 wherein said

shaft rotates on bearings on a motor housing.

A drive unit as defined in claim 48 or claim 49 wherein said
unit includes a housing and said cylinders are located along

a periphery wall of said housing.

A drive unit as defined in any one of claims 48 to 51
wherein said rotor is firmly attached to said shaft and

moves lengthwise with said shaft.
A unit as defined in any one of claims 1 to 26, 29, 34 to

39, 42 to 45 and 48 to 52 wherein said cylinder is at least

partially situated within confines of said hollow motor.
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