- 1 - Description Electric Machine 5 The invention relates to an electric machine having a one-piece
can winch is arranged between a stator and a rotor, and whose tubular casing, winch is loaded with
external pressure by means of a cooling fluid within a machine housing, is composed of composite
fiber 10 material. Electric machine is understood hereito-mean, in particular, an electric motor or
generator, preferably with an Integrated converter, as an output of an assembly or auxiliary assembly
of a utility vehicle winch operates as a motor apdinr geperaiar. 15 The electric machine is typically
operated by means of power electronics (converter, in particular frequency converter, DC/AC or
AC/DC converter or the like). The electronics suitably have a bridge =cult composed of 20
semiconductor switches whose number deféREETke tHéfa#Rr of bridge branches, on the phase
number of the electric machine, wherein three-phase or multi-phase motors and generators are

customary 25 Depending,qn the, operatin of the electric machine asa potgr or,s,a ggnerator, the

electric power is fed either to the machines for the desired rotational speed and the intended torque, or
the electric powB R Extficted Fdm ‘the electit AACHAE Shd extr4eRi f6r $0-a5S8mBiied ddwnstream,
for example a utility wehiclenth the operatmgunede as:a generator] tire multi-phase @lternating current

which is produced in the.generator mode s conpverted y means, of the electronics; (cgayerter) into a
direct current which is then fed, 35 for example, to the resgu(gctlve assemlgla/ or,load wg%n intermediate
C

circuit. - 2 - ocdliAERG Gwing 0 el iSower foss cSG8EE B Operdfion. TREEBIAG fluid i€ §8lected as a
function of the fieitkefisel andEdEthepowenaf thaeledtpic wiathiree; aviseréinnsualy oikisused. The

cooling fluid is 5;preferabhyt cenveyed by means ota primp Which isractuated bydhe eleciric machine
Itself or by means. 81:5% se ixrateWQrti\fle. In org%rtteo avaqé% Hwe Crg%o‘;eog tt%er elegtgic gnnac%in 1uOtbeing
braked by the cgollng flii ot\fving t0 the fncreased friction and there%ore’the eﬁimencyuleEel of the
electric machin®beimfredutégMPeYatter hade whhi isrefertéd t6'as @ cat. THis cahlis idcated at least
partially in the gaptbetweemnthe-statgreancthe Hxrofomand sepavaresthesnfFomcone another.
Conventional cans are composed, for example, of metal or glassfiber-reinforced plastic. DE 10 2009
052 932 Al discloses an electric machine 20 having a stator inside a stator housing. The stator

comprises a coill PEckags WHict hd& ah Hxfally exteRairieftectio® aréd: Sthehil Pagkage’is configured
therein in order tirteract letedtroedyamidallyrwithr tteerrotor nTheawindinglreads otthescailypackage

are 25 arranged-Qufsidedbe effegtiverarea hare, Hhe statorhausing)s separategihermetieally from the
rotor of the electr'icem%chine b% means %f a can. The can extends axially.only at the eﬁ:fctive area of

the coil package® and'is therefors Comparativel shoft. 36 THESnvehtioh is hasad o e GHject of
specifyingtén infproveteldeticomachiie.ches whose number depends, like the
number of bridge branches, on the phase number of the

electric machine, wherein three-phase or multi-phase

motors and generators are customary.

25 Depending on the operation of the electric machine as a
motor or as a generator, the electric power 1is fed
either to the machines for the desired rotational speed
and the intended torque, or the electric power 1is
extracted from the electric machine and extracted for

30 assemblies downstream, for example a utility wvehicle.
In the operating mode as a generator, the multi-phase
alternating current which is produced in the generator
mode is converted by means of the electronics
(converter) into a direct current which is then fed,

35 for example, to the respective assembly or load via an

intermediate circuit.

The stator of the electric machine is cooled by means

of a cooling fluid in order to dissipate the heat



This object is achieved according to the invention by 35 the features of claim 1. Advantageous
refinements, developments and variants are the subject matter of the dependent claims. - 3 - The
electric machine is, for example, an electric generator or, particularly preferably, an electric motor. The
electric machine has a stator composed, in particutarpof-a ferromagnetic material. For example, 5 the
stator comprises a number of laminations mil-led together to form a laminated core, said laminations

bell-1g arranged, essentiglly p%li&ef‘i‘&'i%'@%\{@”}{@v?f_@?(?@% ag axigl dirgetion of the glectic machine.

In particular, the laminations are rectangular or 10 circular, In addition, the Stator has a coil package

with electric conttictor3QFintA Fun’in tHé axidl diFsction &Hd wirich %re%ﬁﬁé& Arofihd th8Faminations
and/or guided throedk! theflamisations irpgrodves faucts) prévidée for tkatipurposes Ariargged outside

the 15 laminate¢hgere-are winding heads winch sonpeetthe axially extending conductors tg one
another elegtricallly. ]'EI' tor has a cutokﬁt rugning centrally 8?d in the 20 axial glig%cgionia rotor

he st
bell-1g arrangeé) m%m%rsa}l Cutout in aYotor spzce.m]ehaenf’otor IS freaély movable'here in a rétational

direction. In othécwsrisSft iPFossilsle td Fotatelthe TeOR abButid Fstatioral akis WikcH éxteAds in the
axial direction witheebsaid tetofi 25teuching the stator. The rotor is constructed, for example, from a
laminated core on winch or in winch, in particular, a number of permanent magnets or

electromagnets are mounted. It would also be conceivable for the rotor not to have a magnet, in the 30
manner of an indfictiBh $dtor= Thetrbtaidis Made fPlotate By erét§iziid Theé farfin&tad2bhe of the

stator, or fdiationeofrike rdterbrings about alflow afedédtrig curféntiidsidethertaminated 35<core. In this

context, the elegtromagnelic field; winch forms-betyesn the totor gad therstatqryinpaiticylar in the
region of the lamipated cor«i of the rotor and/or th%stator, IS essengally onsé%gt and, in particular, -4

- at a maximum but &t feast E5mparatiVefylarle. ThePegibi 3F He coniparatively fHrgd @ Ve
electromagneticifield isirefenefias asdhe effectiveareanin garticularathe termleffective asda refers to

that region betweendx thgJotor andthe statarwhese axiat peajectionds eovered:by:aprajgetion onto
the axial djiection,of at least one of the lamipated Gore of the Stator0r o eSO, ¢ onat
cans are composed, for example, of metal or glass-

fiber-reinforced plastic.

DE 10 2009 052 932 Al discloses an electric machine
20 having a stator inside a stator housing. The stator
comprises a coil package which has an axially extending
effective area. The coil package is configured therein
in order to interact electro-dynamically with the
rotor. The winding heads of the coil package are
25 arranged outside the effective area here. The stator
housing is separated hermetically from the rotor of the
electric machine by means of a can. The can extends
axially only at the effective area of the coil package,
and is therefore comparatively short.
30
The invention is based on the object of specifying an

improved electric machine.

This object 1is achieved according to the invention by
35 the features of c¢laim 1. Advantageous refinements,
developments and variants are the subject matter of the

dependent claims.



10 The flow of the electric current through the coil package heats up the stator. In order to avoid
damage to the stator, the latter is therefore cooled by means of a cooling fluid. The cooling fluid is, for
example, an oil winch has, in particular, the property of an 15 electrical Insulator. For example, the
comparatively cold cooling fluid is conducted into a stater space winch accommodates the stator. The
cooling fluid washes around the laminations 20 of the stator and/or within the laminations there are

cooling ducts thegugh winch;the cooling fluidds dirgctede in.-this way, the coqling fluid is heated and the
stator is cooled. The heated cooling fluid is pum ed out of the stator space or conveyed qut of it 25

and cooled outsitfE fehathing housig inFatiediay by Heahs ot Heat eXeharigé Indrder to
ensure that the wodling.fluithffovesl thedughr thestatonspaoes the cebhrigfiuid mnexpedientlyunder

pressure. 30 In ggi_ari@@ya@,th%@oogngf@ﬁ@l&w@%ﬂ% thgsetor space, Laoqané%!%@l@, between
the rotor anad th%ﬁtator. tTQis makee;,T1 it Pgssible to keeﬁgge rotoE spltace .freettof the coolinrgef(lijid, with the
n r

result that when the lafter ro?gtesct(:jorﬁparsa?i%elyalov{/1 T0538S occur. T35 rE)aa %c%ﬁlasr, what are referred to

as churning losse336tthe Fotdroarefavdided by Aiebns 6t the €aRc - 5 SThe cdrrisliRdnedpiece and a
hollow cylinder with adubulas 6asiag sdrehisimanyfagkired fromta copppsite fibermateriad. In other

words, the tubulay casing i§>?9§1p0%?1dr%fc0{keoﬁb?ro%r apHgnbeéloé libets which $ is/are embedded in a

so-called matrix. The thickness of the tubular casm%, that is to say the radial extent of the tubular

casing betweenRAg friterat tiametet and the"exterhaPdidmetértherediss befeees.5 mitand 0.5
mm. In thisOvay¢theccareis stable withigspest to Wfeexternalqressare and bucklingdaikureof the can

can be preventgg; Neverheless,the canisicempatatively; - withthe result that the glectric machine
has a comparatiyel t%%h efficiency level. 15 The can is suitably surrounded girectg/?%the stator and,

in particular, by tHe BRTinafed Tore THeEdt. RF&nW@?@paeSapaggt% nthE caf Bh Stiftor is
comparatively serall/ The statcrcherefdreysreférablyhas a stabilizing effect oirthe ¢anothescasing 20

thickness of wingh.candhereferebe-redsed.dndhe sase 66 eomparativelydargeloadivgwith external
pressure (tjhg ca a\{\llr?im% pgakleclg\évgrd%r%egiéq)gs gf ;tlhe c;n Wc?s”'d bg.lpcrﬁssed rcl)utev(\é%rd iQk}Qe course of
the Inward buckling. For example, in the case of a freély 25 Tocated can and foading with external
pressure in a prégsie directidtrivitie rifs throificthe cehfral axiof théB&n, theseTegdhs are
located in an extgnsianrdicadtion.winch also runs through the central axis of the can but
perpendicularly with respect to the 30 pressure direction. In other words, the =cult cross section of the
can would be deformed elliptically owing to this loading with external pressure. Since the stator winch

is applied to the&dn pr&vEmtE thidefGrmation towart the Betside M thefdueklifg of thé cdn'S5 toward
the insided$ reliablypreveéntedc ti®ngreaterthdaot mpeand, irnpardicykad, thencaisieg thiekness is
greater than 1.2.mm,and, in,pafticlarlesssthancl. 7 mm. Thecasingdhigkness,is partigulady
preferably betW%en 1.3.mm and 1.5 mm and, in, , . .
ere in a rotational direction. In other words, it 1is
possible to rotate the rotor about a rotational axis
which extends in the axial direction without said rotor
25 touching the stator. The rotor is constructed, for
example, from a laminated core on which or in which, in
particular, a number of permanent magnets or
electromagnets are mounted. It would also be
conceivable for the rotor not to have a magnet, in the

30 manner of an induction motor.

The rotor is made to rotate by energizing the laminated
core of the stator, or rotation of the rotor brings
about a flow of electric current inside the laminated
35 core. In this context, the electromagnetic field which
forms between the rotor and the stator, in particular
in the region of the laminated core of the rotor and/or

the stator, is essentially constant and, in particular,



5 particular, 1.4 mm. The can expediently extends over the effective area between the stator and the
rotor. In particular, at least the can is longer than the laminated core of the 10 stator and arranged

inside the stator in such a way that the entire laminated core is shielded from the rotational axis. This
makes it possible to keep the effective area essentially free of ferromagnetic materials winch have an
adverse effect on the 15 efficiency level of the electric machine. If, specifically, such a material were

located there, parasitic glectrig ghrrents could arisg fherein winch.gould yweaken the elegtromagnetic

20 Although the susceptibility of the can buckling owing to a high external?}?ressure Increases as a

function of the ifér8aSg fendth of FEELH, War'is 10 sdy & critical budbing Bredsurd tetrbases, this
Increase becomes smaflerasa furcticreof the inereasingileagth 250f thercanamtcontrast, the casing

thickness of thetaan is dependent inran,esseptially-quadraticdashion en the;exigrnskpressre.
Although thbe crigﬁ?l bt{ﬁcok{igg pres reti% etherecfo e sligrvlvth/ reducegiggrin the manufacture of the

. . e . S or O S a o]e on S
electric machine there are no 38?& rication pro% ems owmg% any conn CEIO;J'I 0) ﬁe canjto further

elements within ®R& SizR6r. iy partieuian e fiber sfithe coRpositel Alerdrarfialisiwctindadt a winding
angle with respeactie 85 the:=longitudinal directioatof dhecearetibe duringthe taanrufaciure of the can. A
winding angle of 9Q depotes an angle winch is perpendicular with respect to the longitudinal direction
of the can tube. A can having a - 7 - wzndzng angle of 90 would accordingly be constructed
essentially from a number of rings arranged in a row. In one expedient embodiment of the invention,
the angle B0s, hoinevef lless then 90rand greatarithan 0. Thenwindirgrangle is shitgablygiréater than

75 here. In this way,.a gemparatively highdegree of stability of the.cantis realized injthesadical
direction without hav%%%to tolerate the OS;Iblht of the can falling apart 10 into individual disks. The
t

fiber is preferably°coniosetbf fass ahd thé cofiposite fibermatdral 5% gfaSs el feittorced

of a cooling fluid. The cooling fluid is, for example,
an o0il which has, in particular, the property of an

15 electrical insulator.

For example, the comparatively cold cooling fluid is
conducted into a stator space which accommodates the
stator. The cooling fluid washes around the laminations
20 of the stator and/or within the laminations there are
cooling ducts through which the cooling fluid is
directed. In this way, the cooling fluid is heated and
the stator 1is cooled. The heated cooling fluid is
pumped out of the stator space or conveyed out of it
25 and cooled outside the machine housing, in particular
by means of a heat exchanger. In order to ensure that
the cooling fluid flows through the stator space, the

cooling fluid is expediently under pressure.

30 In order to avoid the cooling fluid penetrating the
rotor space, a can is located between the rotor and the
stator. This makes it possible to keep the rotor space
free of the cooling fluid, with the result that when
the latter rotates comparatively low losses occur. In

35 particular, what are referred to as churning losses of

the rotor are avoided by means of the can.



plastic (GFP). The plastic is, in particular, epoxy 15 resin. It would also be conceivable for the
composite fiber material to be a carbon-fiber-reinforced plastic (CFP). In one particularly suitable
embodiment of the 20 invention, the winding angle is greater than 80 and is at least 82. In particular,
the winding angle is 88 since it has been shown that a winding angle of 88 brings about a particularly
high level of stability of the can in the radial direction and at the same time 25 has a level of axial

stability which ispgyitaple for; the pse withinthe glectricymaching; Agoating layeris gxpediently applied
to the tubular casing of the can. The coating layer surrounds the can 30 on the outside and is therefore

located betweerr tHe'Stafor SRS tRE caf! Wiereir tHEIBHEATEAHE EhaihEPihe Tarr FREddting layer
prevents the codlifgefiuidhpéretiating the carthwinchviprtiis, wayheoutdibe seftenedsamdaniaged in

some other WaYeEHH@&@@H”Q&S layies is prgferably composedieba palymet i n8 r any,ather element of
the electricgnachin . However, &I%as.t the can is nci_ltqllg%ded n the fr;f %fag%,.v(\:/tgich leads_to

. 1S/ar emp 1 SO—-Ca . rix. A ness o
comparatively low nmiechanical foa Ing of the an i the axial direction. This makes fpossmle to5

optimize the cartparficttarhpwith *6spett td-therabifal stabfity tHeteof TRechngs preferably fitted
axially onto a sleewe. The sieeve bearsren the tisideragainst thetcanmand seifvwes1@ as apesitioning

element for the can. Owing 19 the fact that,the S'%%"e%g%lit‘r s qn thg Inside of the gap, thefrant faces

thereof can be free, that is to say without any contact. Likewise, the sleeve acts as a means of

stiffening the cafl i tHd'radtd) direéfort’ e st&ve R is tompodRd Sin'particuf&SBE 4 'stee? (stainless
steel) andldoes ewt projedt Intodhe effectivedaréarbé&tivieen tiie sfatorandfthé netor: dihe skeeve is fitted

onto a collar of gp end, plate,0£.20 themaching-hausing. The collar of the endplate runs.aceordingly in

the radial direction within the sleeve. The collar is connected, for example, in one piece to the end
plate. The can i& B%Pediéhtly ¥itte@onoth Fde%%?\fo & Sfeeve, SHihth fs N3ath'fitted 1R Bach 25case
onto a collar. Thecuseobthestdevewhichds fitted ©nty theessiiar of the end plate onto which the can is
fitted can be independent of the casing thickness or of the rest of

15 The can 1is suitably surrounded directly by the stator
and, 1in particular, by the laminated core thereof. At
any rate, a gap between the can and the stator is
comparatively small. The stator therefore preferably
has a stabilizing effect on the can, the casing

20 thickness of which can therefore be reduced. In the
case of comparatively large loading with external
pressure the can would buckle inwards. Regions of the
can would be pressed outward in the course of the
inward buckling. For example, in the case of a freely

25 located can and loading with external pressure in a
pressure direction which runs through the central axis
of the can, these regions are located in an extension
direction which also runs through the central axis of
the can Dbut perpendicularly with respect to the

30 pressure direction. In other words, the circuit cross
section of the can would be deformed elliptically owing
to this loading with external pressure. Since the
stator which is applied to the can prevents this
deformation toward the outside, the buckling of the can

35 toward the inside is reliably prevented.

In one preferred embodiment of the invention, the

casing thickness of the can is less than 2 mm and



30 the configuration of the can and is instead considered to be an independent invention. In one
advantageous form of the invention, the sleeve is divided in the axial direction into a first axial 35
section and a second axial section or has at least the latter. The first axial section is located at least
partially in the can and therefore is in direct or indirect centact with the can, for example viaa -9 -
gasket. In this case, the radial distance between the outermost surface of the first sec-Lyon and the

rotational axis is,essentially the.same opgnly_comparatively, sightly, smaller than. theradia| distance 5

of the Innermost surface of the can. The second axial sec-Lyon adjoins the first axial sec-Lyon and the

outermost surfat8 bf §Biist e akidl 3eELydi Als a radidistalite frofh tRE TotmbsnaHxis 10
winch corresponidssessehtiallylto thewradidlidistance. betweehthe ositer tasing facecoflthelcan and the

rotational axis. Ip.ether\werds, the,secandhaxiahser-kyon isalignedwith the can, 1, During the
manufacturg of thae can, &rluea fiber is foHr1 H(?xample, applied directly to the sleeve and therefore produces
a fixed conRectibn between tHe sleeve and the can. However, in one stay-table embodiment the can is
manufactured separately from the sleeve. So that the 20 cooling fluid does not pass through between
the sleeve and thecarrwhen:theeel isea taisedfeessige, agasket islocated between tha-sleeve and

the can. The gagket 5. paticular, ap Qffing, 25 The sleeye s expediently sealed with respect to the

collar of the end plate by means of a further gasket. The electric machine therefore requires
comparatively fevi $8Alidd FoifE whith SeafRg pbinticdul§ corstittife L residtit risk of8Sks. 30 The
axial thermal expanasion ofthé machineskalsingds éxpediently essentialiynthes saime as that of the can.

For example, theypding,angls,and/er the materialof the fiber; of the,can and/orthg plastic thereof are
35 suitably selected for tins. It would also pbe concejvable to ad?ééq% machine housing tg)the can. In
€

this way, when the ‘@é&ctid Machieheats U dufiRg SperalLyd Fandthe makhiré Rousing

expand - 10 - effective area essentially free of ferromagnetic
materials which  have an adverse effect on the

15 efficiency level of the electric machine. If,
specifically, such a material were located there,

parasitic electric currents could arise therein, which

could weaken the electromagnetic field.

20 Although the susceptibility of the can buckling owing
to a high external pressure increases as a function of
the increasing length of the can, that is to say the
critical Dbuckling pressure decreases, this increase
becomes smaller as a function of the increasing length

25 of the can. In contrast, the casing thickness of the
can 1s dependent in an essentially quadratic fashion on
the external pressure. Although the critical buckling
pressure 1is therefore slightly reduced, during the
manufacture of the electric machine there are no

30 fabrication problems owing to any connection of the can

to further elements within the stator.

In particular, the fiber of the composite fiber
material 1s wound at a winding angle with respect to
35 the longitudinal direction of the can tube during the
manufacture of the can. A winding angle of 90° denotes
an angle which 1is perpendicular with respect to the

longitudinal direction of the can tube. A can having a



essentially uniformly so that no leaks, through whifh, for example, the cooling fluid could enter the rotor
space, occur between the can and the housing. Likewise, mechanical loading of the can and of the
machine 5 housing in the axial direction is avoided if the connection between them is comparatively
strong. The electrical machine expediently has a pewer level which is less than 1 MW and
advantageously between 50 10 kW and 0.5 MW. In patrticular, the electric motor has a power level

below 500 kW dyying normal.pperation, wherein, in garticllar, fusing any, overoad.operation the power
level is briefly higher than this Timit. With these power Mints it is usually necessary to cool the 15 stator

with the cooling FIGiE Hr 1S t8nteXt the coBiikG fiuidtis SUltaSly befatl a5tesSurd dfUpto 3 bar in

order to ensure the cooling fluid flows through the stator. With this pressure the can does not buckle

out in the directipn of the Egtgeand the 2&.reliable aperation ok therelegtricanachine issepsured. An
exemplary gmbodimerﬁtoof the inverﬂtei%nS wi]cllllz)e ex;%lggneg ig more ggga]ll bg ow wi%gefer;mge to a

. : . S . wever . n re an .
drawing, in WhICJﬁZ Figure fsﬁoﬁvs a sectlona?ﬁjlus ration o ar?electrlc machine havirnig a can, and

Figure 2 is a peFsheeive vithgofthé Tahl CorfekpoAding [Riftstareprovideetwith tHe 'samé Seference
symbols in all thesfigures. Hegtpeak dltustrales aniejactiie mashine 2 Withaani 35 exiadirectien 4 and a

radical direction &, aiéeCPQQ%'iiQ‘é%Fla{@_”tﬂée r%%cdkalﬁ)ra‘i’étgé}_g%ékor\giac%loéﬁtéor}?é%%& which is

parallel to the axial direction 4. The electric machine 2 1s, in particular, an electric motor winch is used
inside a utility véticld F6FERaRpl& RisideIFRats tefetre@ fo d's oW gréBet ¥or dRATY the same
or for driving anysecondaty assembliés skise power level of the electric 5 motor is, for example, 140
kW. The electric machine 2 has a machine housing 10 made of aluminum, of winch an A-side end

plate 12 and a B-side end plate 14 are illystrated here. Bearings 16, for 10 example ball bearings, are
ounted on the Gt pAGEETs, 14 1HE BERARGELT6 o8 BACATabatBl neld Wiide H tblial 18, Each

collar 18 is hollovwryliridrical ahdiprojects: e the intedor of tive Arehinddlssusing 20 oWithih the
bearing 16 thergissa eylindricatshaft (Mt plastic is, in particular, epoxy
15 resin. It would also be conceivable for the composite
fiber material to be a carbon-fiber-reinforced plastic
(CFP) .

In one particularly suitable embodiment of the
20 invention, the winding angle is greater than 80° and is
at least 82°. In particular, the winding angle is 88°
since it has been shown that a winding angle of 88°
brings about a particularly high level of stability of
the can in the radial direction and at the same time
25 has a level of axial stability which is suitable for

the use within the electric machine.

A coating layer is expediently applied to the tubular
casing of the can. The coating layer surrounds the can
30 on the outside and 1is therefore located between the
stator and the can, wherein the latter bears against
the can. The coating layer prevents the cooling fluid
penetrating the can, which in this way could be
softened or damaged 1in some other way. The coating

35 layer is preferably composed of a polymer.

The at least front face, but suitably both front faces

of the can, is/are advantageously not in contact with



15 illustrated). The shatft is arranged concentrically with respect to the rotational axis 8 and the
bearings 16. During operation of the electric machine 2, the shaft rotates about Itself and the rotational
axis 8. For example the secondary assemblies of the utility vehicle 20 are operatively connected to the
shaft. A schematically shown rotor 20 is concentrically mounted on the shaft. The rotor 20 has, for
example, a laminated core composed of individual laminations 25 within winch or on winch permanent

magnets are moynted, |n other wards,the elecric machine 2Js gpermanenity,gxcjied elegtric motor.

The rotor 20 is located inside a rotor space 22 winch is filled with an-. The rotor space 22 is divided off

from a stator spaté 24 by HeandB0of a28h 26 °FHE fongRudiial difé&tioh 285tthe ¥4 58 is parallel
to the rotational ‘exis’® aridbthe exiad diredtionl4. Thewwam@elis notkwadddadisfyont facé$:80, and 35

therefore no, or ggmparatively smallzaxialifercesiagt onthe frontfaces 34 owiwgdeothe meynting of the

can 26 within the machine housing 10. In ordgrrtcoiac\{l id ﬁ(ial |%<':_1deigg of the can 26 durintglce)peration of

the - 12 - electric| r%j%{gﬁi%% 2,tt E Ilat%éarnﬁas & same thermal expansiorneiﬁpiﬁgtaxiatlodirectlon 4 as the
rest of the machiié hadsifig Aol Thexah®e &Ad the machine housing 10 therefore have the same
temperature coefficient. 5 Therefore if the can 26 expands owing to heat being supplied in the axial

direction 4, the ‘ﬂff‘&hi@&r!‘%@i”gﬁ&é@gbeﬁa@%t‘%‘ the; result thatthere ig suffigient space

(volume) available to the can 26 inside the machine housing 10 for the thermal expansion 10 without

said machine héUsity 20 RRRG ST ca*S6 isTedonH Sites bhfo £8Re e 32 RTFIIESST steel.
Each sleeve 32 hasa firstaxiabsec:ly. 18)re4 mnd fanradjbmingesecondiaxial tsecdh#8)f36:. The

second 15 axial;gec:L. 18)n 36 is.aligned withthe,qutside ofithe can 26-wheyein affee region is
located between the second axial. sec-L.18)n 36 he front faces 30 of the can 26. The first axial

) nd
sec-L.18)n 34 proj8ds NGRS cal e 8Hd S8Nes Bs A MBuntiig: boiht for the 8n B636 1 other
words, the first axial seeLtE8)h -341bdars bAthe iksitle of tiRveana2e-at least partialpdireetfy or

indirectly via a fartherrelgment. dn thisway ithe €38 2648 stabilzedwith iaspeatte IrwargRuckling. In
15 is composed, 1in particular, of a steel (stainless
steel) and does not project into the effective area

between the stator and the rotor.

The sleeve is fitted onto a collar of an end plate of
20 the machine housing. The collar of the end plate runs
accordingly in the radial direction within the sleeve.
The collar is connected, for example, in one piece to
the end plate. The can 1is expediently fitted on both
sides onto a sleeve, which is in turn fitted in each

25 case onto a collar.

The use of the sleeve which is fitted onto the collar
of the end plate onto which the can is fitted can be
independent of the casing thickness or of the rest of
30 the configuration of the can and is instead considered

to be an independent invention.

In one advantageous form of the invention, the sleeve
is divided in the axial direction into a first axial
35 section and a second axial section or has at least the
latter. The first axial section 1is located at least
partially in the can and therefore 1s 1in direct or

indirect contact with the <can, for example via a



25 the illustrated electric motor, a gasket 38 in the form of a so-called 0-ring made of rubber is located
between the first axial sec-L.18)n 34 and the can. A depression, within winch the gasket 38 is located,
is formed in the first axial sec-L.18)n 34. 30 Each sleeve 32 is fitted onto one of the collars 18 and
sealed by means of a further gasket 40. The sleeve 32, the gaskets 38, 40 and the can 26 therefore
seal the rotor space 22 essentially hermetically with respect to 35 the stator space 26 winch is filled
with a cooling ﬂ%gs%?e £ 13 Whilg the elect= maghing 2yis.apesa-L L1:1g, the cqaling flyid 42 is at a
pressure winch 1s, for example, 3 bar. The can 26 is fabricated in such a way that such a pressure, or
else a peak preSStr& dliving an BYehHdSE 5 phhse &6f fh particliar, uf %6 815, dd&3hot prEss the can
26 Inward Into the tetok spade 22 vk sausesinwardly direetedsbuckles, dertsior berds inmthe can 26. So

that the cooling flyigk42 dees aot penetrate the can 26dtselfrthe latier is seated om its swiface by 10

means of aBCOS:(ID_fl %g Ialynerg 44. Thg cos:L.11-1g Igy%rh44 is. composed of a polymer. The cooling fluid

42 is an insulating oil and SEIVES 10 Cool a stator 46 winch iéjgrrlranged 11-1s1de the stator space 24.
15 The stator 46 has a laminated core 48 winch is composed of a number of laminations stacked one
on top of the otheteDuetsctaughawinch the cooling fluiddibears flowhare foimed in Heilaminations,

essentially in the, axial direction 4. Qpenings taraugh wipet a.cod 20 package. 20,0f the, stator 46 is
Inserted are also located 11-1s1de the laminations. The core package 50 is composed essentially of

an electric condBgfor 5Md hadSandaxidt $ée-t. 1) A B2Vwihirt fifchhe eféttAc EoRductérexiends
mainly patdllel telthe laxialdireetionddnd @5arinch is logated histie theddminatedicore 48e The axial

section 52 is adjaingd.intheayal dirgctipn 4.9n poth shies by sg-called windipg hgagls 54, he electric
conductor is turned over hishie the winding heads 54 so that&he electric conductor is guided again

30Into the axial 58&fidn 8231h adtitich, thé TamihatiGhs of tHe amindtdd oot 481 hvetin the center a
round cutout with@rewireh the cahiZBliscarrangedt Thediameter of this cutout 1s, for 35 example, 150
mm, and the external diameter of the can 26 1s, in particular, 0.3 mm less than tins. In other words,

the external diameter of the can is 149.7 mm, it al ll-1g passible for the latter to be larger. The - 14
- thermalnefépang%ﬁlor}(%hgegaen 26 fﬁ%ﬁ% ?5&5%@%&2%8 isc%lgl’ché%feo tf?ggfa]iorld%’ang?% particular,
to the laminate ¢8RS in &RRY VslcHiscomtparabie totthe tiferRfaY expardionlis #f axial direction

4, which 5 is matehethtosthe amachineiheusitgd@ion between the sleeve and the
can. However, 1in one suitable embodiment the can is
manufactured separately from the sleeve. So that the

20 cooling fluid does not pass through between the sleeve
and the can when there is a raised pressure, a gasket
is located between the sleeve and the can. The gasket

is, in particular, an O-ring.

25 The sleeve 1is expediently sealed with respect to the
collar of the end plate by means of a further gasket.
The electric machine therefore requires comparatively
few sealing points, which sealing points could

constitute a residual risk of leaks.

30
The axial thermal expansion of the machine housing is
expediently essentially the same as that of the can.
For example, the winding angle and/or the material of
the fiber of the can and/or the plastic thereof are
35 suitably selected for this. It would also Dbe

conceivable to adapt the machine housing to the can. In
this way, when the electric machine heats up during

operation the can and the machine housing expand



While the electric machine 2 is operating, the external diameter of the can 26 does not exceed the
diameter of the cutout hashie the laminated core 48. liars avoids 10 damage to the can 26, which can
lead to so-called buckling failure, that is to say the destruction of the can 26 and/or penetration of
cooling fluid 42 Into the rotor space 22. 15 The can 2&is-arranged inside the laminated core 48 in such
a way that the latter extends beyond an electromagnetic effective area 56 between the stator 46 and

the rotor 20. The effective.area 36,15 thatregion between the sialgr 46 apg the fefor,2( inside which

the 20 electromagnetic field %enerated by said stator 46 and rotor 20 Is comparatively large and

approximately cbRStafit*$HB érigth 88 of 1R etfedtive ated 56 Rbrespohts in theSiuStied electric
machine to the lepgtheef the daminatedvesre 4814n otheravotds,the 1I25ucaim26 piotislessa the axial

direction 4 on bgthghies etithe lamingted cors48:kReg. 2 showsaperspectiveviewfithe gan 26
which has tubHIgtr Scilsh-lgi58. 'I't eetubulalr Cfsh(-jllQKS%jcs. h%||OV\i-S30 C)(/Iiondrigﬁl1 an%is % ne1posed of a
composite fiber material 60 with afiber 62 Which iS embedded in'a matrix 64. e IS composed
of glass and theRBfxE4: Repud/Tesh, Withthé fesylfibaf tHe g6rhposite e -material 60 is a
glass-fiber-reinforced 35 plastic. The fiber 62 has a wriachng angle 66 with respect to the longitudinal

direction 28 of ttﬁ:1 ga”eti’QSt gpi%tgfr %%rgﬁiwgergglg?e%e%q '@an%ugacgur%gmfv%rre@@%elthe fiber 62
[ a

is wrapped around a blank or - 15 - rolled thereon at a specific’angle, specifically the winding angle

66, wherein the Wisris ¢§linbRES ahddhe extEPhaPdiametbrahéredt eoredpdnasEeeBntrlly to the
Internal diabneteriof thedcah. 26 Mihe 8 intgrmediatelspaces betweencthe hichnhduwal sketions of the

fiber 62 are filled i, By means.qf thgmafix 64 Theyyinding angle 66Js gssentially,.constant over the
length of the can 26, but It can vary in the rigion of the front faces 30 of the gan. The winding angle 66

is 10 88 at least’0Ver &' dbmparatiVery 1a/gé 1ehgth OF the'Gan™e  ©vertoad operation

the power level is briefly higher than this limit. With
these power limits it is usually necessary to cool the
15 stator with the cooling fluid. In this context, the
cooling fluid is suitably below a pressure of up to
3 bar 1in order to ensure the cooling fluid flows
through the stator. With this pressure the can does not
buckle out 1in the direction of the rotor and the

20 reliable operation of the electric machine is ensured.

An exemplary embodiment of the invention will Dbe
explained in more detail below with reference to a

drawing, in which:

25
Figure 1 shows a sectional illustration of an electric
machine having a can, and
Figure 2 1s a perspective view of the can.
30

Corresponding parts are provided with the same

reference symbols in all the figures.

Figure 1 illustrates an electric machine 2 with an
35 axial direction 4 and a radial direction 6 in a
sectional illustration. The section extends along a
rotational axis 8, which 1is parallel to the axial

direction 4. The electric machine 2 is, in particular,



The casing thickness 68 of the tubular casing 58 is 1.4 mm. The an- gap (annular space) between the
stator 15 46 and the rotor 20 can therefore be comparatively small, but, Inter alia owing to the
selection of the winding angle 66, the can 26 has a comparatively high level of stability and keeps the
cooling fluid 42 securely within the stator space 24. 20 The invention is not restricted to the exemplary
embodiment described above. Instead, other variants of the invention can also be derived therefrom

by a person skilled inthe artwithoyt departing, fram the subject 25 matter;af the invention, In particular,

in addition all the hichrhdual features described in relation to the exemplary embodiment can also be

combined with offe afdtfier ifi Ahothid PRy WithBGt G&paltity froh? theSUBfect thatt®r GFihetinvention. -
16 - List 2 4 6 8sofoReferengedyumbBers Efectnic ntachine AxdallirectiohdRadiad direetioreRtational

axis 10 Maching-hei#sing y 12 Aside endplatehe power level of the electric

5 motor is, for example, 140 kW.

The electric machine 2 has a machine housing 10 made of
aluminum, of which an A-side end plate 12 and a B-side
end plate 14 are illustrated here. Bearings 16, for
10 example ball bearings, are mounted on the end plates
12, 14. The bearings 16 are each located here inside a
collar 18. Each collar 18 is hollow-cylindrical and
projects into the interior of the machine housing 10.
Within the bearing 16 there is a cylindrical shaft (not
15 illustrated). The shaft is arranged concentrically with
respect to the rotational axis 8 and the bearings 16.
During operation of the electric machine 2, the shaft
rotates about itself and the rotational axis 8. For
example the secondary assemblies of the utility wvehicle

20 are operatively connected to the shaft.

A schematically shown rotor 20 1is concentrically
mounted on the shaft. The rotor 20 has, for example, a
laminated core composed of individual laminations
25 within which or on which permanent magnets are mounted.
In other words, the electric machine 2 is a permanently
excited electric motor. The rotor 20 is located inside
a rotor space 22 which is filled with air. The rotor
space 22 is divided off from a stator space 24 by means
30 of a can 26. The longitudinal direction 28 of the can
26 1s parallel to the rotational axis 8 and the axial

direction 4.

The can 26 1is not loaded at its front faces 30, and
35 therefore no, or comparatively small, axial forces act
on the front faces 30 owing to the mounting of the can
26 within the machine housing 10. In order to avoid

axial loading of the can 26 during operation of the



14 B-side end plate 16 Bearing 18 Collar 20 Rotor 22 Rotor space 24 Stator space
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electric machine 2, the latter has the same thermal
expansion in the axial direction 4 as the rest of the
machine housing 10. The can 26 and the machine housing
10 therefore have the same temperature coefficient.
Therefore if the can 26 expands owing to heat being
supplied in the axial direction 4, the machine housing
10 also expands, with the result that there 1is
sufficient space (volume) available to the can 26
inside the machine housing 10 for the thermal expansion

without said machine housing 10 tilting.

The can 26 1is fitted on both sides onto a sleeve 32
made of steel. Each sleeve 32 has a first axial section
34 and an adjoining second axial section 36. The second
axial section 36 is aligned with the outside of the can
26, wherein a free region is located between the second
axial section 36 and the front faces 30 of the can 26.
The first axial section 34 projects into the can 26 and

serves as a mounting point for the can 26.

In other words, the first axial section 34 bears on the
inside of the can 26 at 1least partially directly or
indirectly via a further element. In this way, the can
26 1s stabilized with respect to inward buckling. In
the illustrated electric motor, a gasket 38 in the form
of a so-called O-ring made of rubber is located between
the first axial section 34 and the can. A depression,
within which the gasket 38 is located, is formed in the

first axial section 34.

Fach sleeve 32 is fitted onto one of the collars 18 and
sealed by means of a further gasket 40. The sleeve 32,
the gaskets 38, 40 and the can 26 therefore seal the
rotor space 22 essentially hermetically with respect to
the stator space 26 which 1is filled with a cooling
fluid 42.



26 Can 28 Longitudinal direction of the can 30 Front face 32 Sleeve 34 First axial section 36
Second axial section
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While the electric machine 2 is operating, the cooling
fluid 42 is at a pressure which is, for example, 3 bar.
The can 26 1is fabricated in such a way that such a
pressure, or else a peak pressure during an overload
5 phase of, in particular, up to 9 bar, does not press
the can 26 inward into the rotor space 22 or cause
inwardly directed buckles, dents or bends in the can
26. So that the cooling fluid 42 does not penetrate the
can 26 itself, the latter is coated on its surface by
10 means of a coating layer 44. The coating layer 44 1is
composed of a polymer. The cooling fluid 42 1is an
insulating o0il and serves to cool a stator 46 which is

arranged inside the stator space 24.

15 The stator 46 has a laminated core 48 which is composed
of a number of laminations stacked one on top of the
other. Ducts, through which the cooling fluid 42 can
flow, are formed in the laminations, essentially in the
axial direction 4. Openings through which a coil

20 package 50 of the stator 46 1s 1inserted are also
located inside the laminations. The core package 50 is
composed essentially of an electric conductor and has
an axial section 52 within which the electric conductor
extends mainly parallel to the axial direction 4 and

25 which 1is located inside the laminated core 48. The
axial section 52 is adjoined in the axial direction 4
on both sides by so-called winding heads 54. The
electric conductor 1is turned over inside the winding
heads 54 so that the electric conductor is guided again

30 into the axial section 52.

In addition, the laminations of the laminated core 48
have in the center a round cutout within which the can
26 1is arranged. The diameter of this cutout is, for
35 example, 150 mm, and the external diameter of the can
26 is, 1in particular, 0.3 mm less than this. In other
words, the external diameter of the can is 149.7 mm, it

also being possible for the latter to be larger. The
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thermal expansion of the can 26 in the radial direction
6 is matched to the stator 46 and, in particular, to
the laminated core 48, in a way which is comparable to
the thermal expansion in the axial direction 4, which

is matched to the machine housing 10.

While the electric machine 2 is operating, the external
diameter of the can 26 does not exceed the diameter of
the cutout inside the laminated core 48. This avoids
damage to the can 26, which can 1lead to so-called
buckling failure, that is to say the destruction of the
can 26 and/or penetration of cooling fluid 42 into the

rotor space 22.

The can 26 is arranged inside the laminated core 48 in
such a way that the latter -extends Dbeyond an
electromagnetic effective area 56 between the stator 46
and the rotor 20. The effective area 56 is that region
between the stator 46 and the rotor 20 inside which the
electromagnetic field generated by said stator 46 and
rotor 20 1s comparatively large and approximately
constant. The 1length 58 of +the effective area 56
corresponds in the illustrated electric machine to the
length of the laminated core 48. In other words, the
can 26 protrudes in the axial direction 4 on both sides

of the laminated core 48.

Fig. 2 shows a perspective view of the can 26 which has
a tubular casing 58. The tubular casing 58 is hollow-
cylindrical and is composed of a composite fiber
material 60 with a fiber 62 which 1is embedded in a
matrix 64. The fiber 62 is composed of glass and the
matrix 64 1s epoxy resin, with the result that the
composite fiber material 60 is a glass-fiber-reinforced
plastic. The fiber 62 has a winding angle 66 with
respect to the longitudinal direction 28 of the can
tube. In other words, when the can 26 is manufactured,

for example the fiber 62 is wrapped around a blank or



Laminated core 50 Coil package 52 Axial section 54 Winding head 56 Effective area 58 Tubular
casing
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rolled thereon at a specific angle, specifically the
winding angle 66, wherein the blank is cylindrical and
the external diameter thereof corresponds essentially
to the internal diameter of the can 26. The
5 intermediate spaces between the individual sections of
the fiber 62 are filled in by means of the matrix 64.
The winding angle 66 1s essentially constant over the
length of the can 26, but it can vary in the region of
the front faces 30 of the can. The winding angle 66 1is
10 88° at least over a comparatively large length of the

can 26.

The casing thickness 68 of the tubular casing 58 1is
1.4 mm. The air gap (annular space) between the stator

15 46 and the rotor 20 can therefore be comparatively
small, but, inter alia owing to the selection of the
winding angle 66, the can 26 has a comparatively high
level of stability and keeps the cooling fluid 42
securely within the stator space 24.

20
The invention 1s not restricted to the exemplary
embodiment described above. Instead, other wvariants of
the invention can also be derived therefrom by a person
skilled in the art without departing from the subject

25 matter of the invention. In particular, in addition all
the individual features described in relation to the
exemplary embodiment can also be combined with one
another in another way without departing from the

subject matter of the invention.
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1. An electric machine (2), in particular an electric motor, having a one-piece can (26) which is
arranged 5 between a stator (46) and a rotor (20), and whose tubular casing (58), which is loaded with
external pressure by means of a cooling fluid (42) within a machine housing (10), is composed of
composite fiber material (60), 10characterized in that the-casing thickness (68) of the can (26) is less
than 2.5 mm and greater than 0.5 mm. 2. The electric machine (2) as claimed in claim 1,
15characterized in that the casing thickness (68) is-lgss,than 2 mm and greater than 1 mm and, in
particular, 1.4 mm. 3. The electric machine (2) as claimed in claim 1 or 202, characterized in that the
can (26) extends in the longitudinal direction(28)ofthecantubebeyondthe electromagnetic effective area
(56) between thé statoR25@63 ahdihe retoh (26). 42 The eleatde Machiner(2yas elamedin one of

cllaim_s 1lto BECh@ﬁ@gﬂiﬁ%%%Fm%t tht?]@mp@g%i]gelf@@ﬁ n:j@jmlr)zl (‘ﬁm&azgﬂgs?aﬁggh@@;orcecé )
pastc, a0t g e (9 ey gt drcn (£9) ot o g o anc e
tubular casing (58), which 1is 1loaded with external
pressure by means of a cooling fluid (42) within a
machine housing (10), 1is composed of composite fiber
material (60),
10 characterized
in that the casing thickness (68) of the can (26) 1is

less than 2.5 mm and greater than 0.5 mm.

2. The electric machine (2) as claimed in claim 1,
15 characterized
in that the casing thickness (68) is less than 2 mm and

greater than 1 mm and, in particular, 1.4 mm.

3. The electric machine (2) as claimed in claim 1 or
20 2,
characterized
in that the <can (26) extends 1in the longitudinal
direction (28) of the can tube beyond the
electromagnetic effective area (56) between the stator
25 (46) and the rotor (20).

4. The electric machine (2) as claimed 1in one of
claims 1 to 3,
characterized

30 in that the composite fiber material (60) is a glass-
fiber-reinforced plastic, and that the winding angle
(66) between the longitudinal direction (28) of the can
tube and the fiber (62) of the composite fiber material
(60) is less than 90° and greater than 70°  in

35 particular greater than 75°.



35 particular greater than 75. - 18 - 5.The electric machine (2) as claimed in claim 4, characterized in
that the winding angle (66) is greater than 80 and is, in particular, 88. 5 6. The electric machine (2) as
claimed in one of claims 1 to 5 characterized in that the tubular casing (58) is coated on the 10
outside by means of a coating layer (44), in particular ®y-means of a polymer. 7. The electric machine
(2) as claimed in one of claims 1 to 6, 15characterized in that the can (26) is not loaded on the front

face in the longitudinaldirection 28);0f the can tube., 8. The electric. machine () asclaimed in one of

20claims 1 to 7, characterized in that the can (26) is fitted axially onto a sleeve (32), and in that the
sleeve (32) is fitted onto a collar (18) of an etfd'BIate (. 145 Bf the machine 25housing (10). 9. The
electric machinei(2) alsatairmed invélaih8y charatterized in that thessiceve (323 has @°firsthakxial section
(34) 30 which projects intg the can {26),angha second axial section (36) which adjoins the latter and
with which gwe can (26) is aligned. - 19 -

6. The electric machine (2) as claimed in one of

claims 1 to 5

characterized
in that the tubular casing (58) 1is coated on the

10 outside by means of a coating layer (44), in particular

by means of a polymer.

7. The electric machine (2) as claimed in one of
claims 1 to 6,

15 characterized
in that the can (26) is not loaded on the front face in

the longitudinal direction (28) of the can tube.

8. The electric machine (2) as claimed in one of
20 claims 1 to 7,
characterized
in that the can (26) is fitted axially onto a sleeve
(32), and in that the sleeve (32) 1is fitted onto a
collar (18) of an end plate (12, 14) of the machine
25 housing (10).

9. The electric machine (2) as claimed in claim 8,
characterized
in that the sleeve (32) has a first axial section (34)
30 which projects into the can (26) and a second axial
section (36) which adjoins the latter and with which
the can (26) is aligned.



10. The electric machine (2) as claimed in claim 8 or 9, characterized in that the sleeve (32) is sealed
with respect to the 5can (26) and the collar (18), in each case by means of a gasket (38, 40). 11. The
electric machine (2) as claimed in one of claims 1 to 10, 10characterized in that the machine housing
(10) has axial thermal expansion which is equal te-thethermal expansion of the can (26) in the
longitudinal direction (28) of the can tube. 15 12. The electric machine (2) as claimed in one of claims

1to 11, characterized by, o @l%@/gqr_ilgv%{géllﬁﬁethq@; l\.g\g/ Qﬂda i'%gartigﬂlag 120, betwegn 50 kW and
500 kW. 13. A cgan (26) for an electric machine (2) as claimed in one of claims 1 to 12. 25

characterized
in that the sleeve (32) 1is sealed with respect to the
5 can (26) and the collar (18), in each case by means of
a gasket (38, 40).

11. The electric machine (2) as claimed in one of
claims 1 to 10,
10 characterized
in that the machine housing (10) has axial thermal
expansion which is equal to the thermal expansion of
the can (26) in the longitudinal direction (28) of the
can tube.
15
12. The electric machine (2) as claimed in one of
claims 1 to 11,
characterized by
a power level of less than 1 MW and, in particular,
20 between 50 kW and 500 kW.

13. A can (26) for an electric machine (2) as claimed

in one of claims 1 to 12.

25



