WD 2011/ 146005PCT/ SE2011/ 050625 1 COOLI NG DEVI CE FOR ELECTRI C MOTOR

TECHNI CAL FIELD The invention relates to a cooling device for electric
not or acowodnngi4t@st he Spreanbl e of claim 1. The invent iPom/SEb@Ee/0s@BRAL €S t O
an electric notor. The invention also relates to a notor vehicle.
BACKGROUND ART During drive electric notors are heated whereby cooling
is required in order 10 to divert the heatl. Cooling of electric notor may
be effected by neans of different types of cooling nedia such as e.g. air,
water or oil. US 6800971 Bl discloses a device for liquid cooling of a
stator for a start notor COBLING RARYIGREOR EbECGTRIEHHAMIEIRT or ned bet ween a
housi ng surrounding the stator and a synthetic resin coated jacket surface
of the 15 stator back of the stator, wherein cooing is intended to be
effected by neans of a liquid cooling nmediumarranged to streamin the
cool ing channel such that cooling is effected directly towards the

synt hetic resTECHNICAL FHgIK®t surface of the stator back. The device has
netal end plates welded at the respective end of the stator back. 20EP f
0434845 Al discl oses a deyice for liguid cooling of a stator. The core o
the stator beiﬁ% YRSt relatFééR& Cﬁ?'ﬁ'\ﬂ e%wcwf%g@&mq Retemaserding i@ e ch
liquid is srrpreeebiECOSERRAM. The lilferitioh Sfsot Rateh &o0an C&é&gé%btd}g THeN9S
are arranged. An adhesive having a sealing function exists between the

st at or | am nainwention also relates to a motor vehicle.

BACKGROUND ART

During drive electric motors are heated whereby cooling is required in order
10  to divert the heat. Cooling of electric motor may be effected by means of

different types of cooling media such as e.g. air, water or oil.

US 6800971 B1 discloses a device for liquid cooling of a stator for a start
motor. The stator has a cooing channel formed between a housing
surrounding the stator and a synthetic resin coated jacket surface of the
15 stator back of the stator, wherein cooing is intended to be effected by means
of a liquid cooling medium arranged to stream in the cooling channel such
that cooling is effected directly towards the synthetic resin coated jacket
surface of the stator back. The device has metal end plates welded at the

respective end of the stator back.

20 EP 0434845 A1 discloses a device for liquid cooling of a stator. The core of
the stator bears against a jacket provided with cooling channels in which
liquid is arranged to stream. At the end of the stator core sealing rings are
arranged. An adhesive having a sealing function exists between the stator

laminates.

25 A problem with certain high performance electric motors is that the winding

temperature becomes too high which may lead to damages on the electric



WO 2011/ 146005PCT/ SE2011/ 050625 2 notor, and for protecting the electric
notor the current needs to be reduced wherein performance of the electric
notor i s wopaiweewsFurther it is difficult to provi de geau/seentasiczdet ween
the stator of the electric notor and cooling portions resulting in a
substantially inpaired heat transfer 5 and, thereby inpaired performance due
to undesired tenperature increase of the ator. OBJECT OF THE | NVENTI ON
An additional object of the present invention is to provide a cooling

device for 10aMtet afild idr dBicetindithe eiddifié mdid % Blfibfl fOLaCRPhENEALGaTPAct

design of an electric nmotor, and cost efficient construction. Sl
THE | NVENTI O\whiegsio pertbrotanee obtheetestricapptoresimpaoed.t he fol |l owing
description, are 15 achieved by neans of a cooling device for electric

, electri tQr. t or . vehi whi ch f the type stated by
wayof 1t rounierteh s AMiadt Fbevideetdd fontphl BRvE Ber ulfn e etEs
the charact er hsitbgant asden@porithsaRRENMGANCA 8LPStahtialfy ARskikY hEaefrahiee
enbodi nents of the cooling device are defined in appended dependent cl ains

2-8. 20Accor dieRg therebydmpairedtnasforetaacelsjuscto indesdledeeaanptune inatease of f or
cool i ng of the stator.

OBJECT OF THE INVENTION

An additional object of the present invention is to provide a cooling device for
10 an electric motor which facilitates efficient cooling, compact design of an

electric motor, and cost efficient construction.

SUMMARY OF THE INVENTION

These and other objects, apparent from the following description, are
15 achieved by means of a cooling device for electric motor, electric motor and a
motor vehicle, which are of the type stated by way of introduction and which
in addition exhibits the features recited in the characterising clause of the
appended claims 1, 9 and 10. Preferred embodiments of the cooling device

are defined in appended dependent claims 2-8.

20 According to the invention the object is achieved with a device for cooling of
electric motor, which electric motor comprises a stator with a jacket
surface/stator back cased with a heat conducting thermoset, wherein a
housing is arranged to surround the stator, wherein the device comprises at
least one cooling channel in which a liquid cooling medium is intended to

25  stream for cooling of the electric motor, wherein the housing is arranged to
run separated from the stator along a main part of the thermoset cased jacket

surface of the stator for forming of said cooling channel between the housing



el ectric nmotor, which electric notor conprises a stator with a jacket

surface/stator back cased with a heat conducting thernoset, wherein a

housi ng iwoanrizmgwd to surround the stator, wherein thePdesEeE10808ps i Ses at

| east one cooling channel in which a liquid cooling mediumis intended to

25 streamfor cooling of the electric nmotgr, wherein the housing is

arranged to run separated fromthe stator along a main part of the

t hernoset cased jacket surface of the stator for form ng of said cooling

channel bet wegfqtdid ket BUrfade ANHe M thd aesH wﬁi&ﬁ@%ﬂhé’"@?&t@i 3 hhgngdgt or

wi ndi ng of the stator IS arranged to run along and axially project from and

turn outside &9 rlslalawr]gaatktétaxajwmcj@ct {ther end tumeowgtsigeoof $Emldl Jud(etgsurfa@e

projecting stator WI edded with sal r nsa.

ool ng- chann e tioPEs sk infUREE 6 PP HaledHERR s FEBkrHEa WA

projecting stahpr th’érﬁﬁis@g whl@feﬁ#b%a‘i&%o@ﬂ% ldhﬁnﬁ@ﬂlaw@ ROFRMddN beteRS the

contact with the thernpset cased stator and cooling by neans of the liquid

medi um i s 2f f BeH8IRIRNE G husoRieRinghstatdievinga:. dbe easilingengdiumni ch

results in th t r t

Faci1itated RS b afeeeicRhBE Wit a8k Biubsbl Sato AR A AT RERYR0 12

wi ndi ng Wi t h hieansoiof teadaqmdamdwmhw affeeted alircbtly Ctodlards thiedthm‘mOSet

required for diversi on OL g at fromthe w ndi ntg, wherei n consequentl|y
Fhes. chak

ef ficient coofMREddedosr %(ﬁsq%oinl g fact &ffirdent Godingeet &g on
the coil ends yliffael tolbeliatlicR! ABatier G1i058LyROl Al ACNeRREIALd he

surroundi ng area, so cal otspots, arise, wherein efficient cool i ng
is effect®@d whraneition fiem tioe warsding Hetheﬂnp ¢ail emys bia thedhdmoogdido thevcbhling

Garmges on ¢ nEVEIUEL 1 ceotitest T SHESBY Bhahs dieat FOEk F3° Hnge. earein
conduct i ng th@bﬁ@é@lerﬂﬂoéﬁ%f&ﬂf@iohﬁ rsaebtawédf»egneétt %b@l’nd‘ﬁlé‘ddd?%/eﬁgéhtl;ﬁnds

n
and the liquid cooling nediumis gguarantee Furt her facilitated
due to the ef Efferiest ordbeiani, endslwharent i hottest and avheret mgl paINss beting

of "t ho"r ach us G e cRuRe ARG TRR. 19 BlFEchabhlng ity PR ey o

nore conpd®t ebemid i effetted whete naklﬁtgte%paﬁer@yaitlrﬁ@y ®edgvdidgditnat akikiat i on
in a vehicle. Due to the fact that the housing is 25 arranged to run

separ at ed al oftpiatagichPeFfoprANCSf thehWindiag nigsrerahseddesamey tepdiaheatd i c
notor may be HQHE\F%%S% HeS e&ﬂl:l ?toﬁ)egﬁr] ess notor, i.e. an electric notor

wi t hout housi ng, ereln t 1 ¢ rdtor is connected to a housi ng for
form ng of cooling channel. Hereby an electric notor with a stator enbedded
in said ther mByetocing dictaly e tthe fieat donduetifag teerhmsed tgmodsthafiinaheyntz@t be

T act e RERAL LMY AP o L R SR 4 o
20 guaranteed. Further is facilitated, due to the efficient cooling, reduction of the
radial extension of the cooling channel with maintained cooling effect and
consequently reduction of the radius of the electric motor including housing
and thus obtaining a more compact electric motor unit making space
available during installation in a vehicle. Due to the fact that the housing is
25 arranged to run separated along a greater part of the thermoset cased stator
the electric motor may be formed as a so called frameless motor, i.e. an
electric motor without housing, wherein the electric motor is connected to a
housing for forming of cooling channel. Hereby an electric motor with a stator
embedded in said thermoset and rotor with fixed interface to rotor shaft may
30 be manufactured separately by a supplier while the housing may be formed

in the vehicle which results in reduced costs for procurement and installation



4 of electric nmotor and consequently reduced costs in the overal
production of the vehicle. According to an enbodi nent of the device said
t her nosetwOD=20tioRedost ut ed by a heat conducting epoxy. Ep®xy/SERdin/osuseh
properties as liquid tight, heat 5 conducting, curing, heat sustainable
and adhesive constitutes an excellent therymoset for this purpose. Heat
conducti ng epoxy has good thermal conductivity and thereby efficiently
transports heat fromthe coil ends of electric notor to the housing which

i's arranged t @f 8lB® ndthrearnd abRseqifertihac8lI8Sd EbSISTRIRE ovERR HRWSCHEh bf
then arranged to be cooled with a suitable 10 cooling nmedium such as air,

wat er, oil or the wehicleui t abl e cool i ng medium Further the epoxy also |evels
out the tenperatures on different |ocations in the w nding. According to

an enbodi nent - ' o R Ao 12T LNg. i .S C |
essentially bﬁ%&g{@@ ﬂ%\%b f\e(?nv\g é&]egggglt% gg\lﬂééc%%bﬁ%é%?éﬁf'&n&;%é@té& %%53 good
cool ing is obhaanedndictny dipagyt Epuxyemwithdsoemtpropettiee e Viiiad tighthdiest ng
is sealingly connected by nmeans of sealing neans to said thernoset at the
respect i ved en8OBFEEingE QuRiBgs heebsustanaly anshrebesive qonstiutegiian exeslieny

medi um i s avoi : ' t i t t dgybg e

i quid cooli nggr%r}gjdoisg% fiog t‘NZ%(:)Oéir g%%e?%& g?ﬁggén% sseé)g{xyar%??/ gé?gl } y I (r%l sai d
cool i ng channebndugtiity damdy therednry effistatitiyetranspatsidweiat draonthel sed endspof t

el ements arranged.to run, axially betweep the housjng and the thernoset
cased stator f 1 graiQs taq ﬁ%bpﬁﬁ'ﬁgp‘%'ﬂf dﬁsarEﬁngﬁii (2 %B%??rﬁéh"cﬁéﬁ*ﬁép? th&r eby
i s avoi ded t halectdte st Tiee BRNEM AR tHeh Taﬁ%h?é@ytor sducRied RAtHS Basftpie t he
cool ing channel. 25Further control of the cooling mediumis obtained by the

di stribut1®n eeolinge mediuimguelkdisuairi watenl dihgr ctthansuitpblet cavling ntedium.

o run ofrcurd DFORE A5t Fposs elase I eise oHb A Fey ey RB o dFIRSeRt oealien &at or

form ng circumrenertingl | y extendi ng cool i ng channel portions of said
cooling channel. Hereby is avoided that the housing bends and in that

According to an embodiment of the device said liquid cooling medium is
constituted essentially by water. With water as a liquid cooling medium a very

15  good cooling is obtained.

According to an embodiment of the device the housing is sealingly connected
by means of sealing means to said thermoset at the respective end area of

the stator. Hereby leakage of the liquid cooling medium is avoided.

According to an embodiment of the device said liquid cooling medium is

20 arranged to stream essentially axially in said cooling channel.

According to an embodiment the device comprises support elements
arranged to run axially between the housing and the thermoset cased stator
forming axial cooling portions of said cooling channel. Hereby is avoided that
the housing bends and in that way reduces the space of the cooling channel.
25  Further control of the cooling medium is obtained by the distribution of the

cooling medium in cooling channel portions.

According to an embodiment of the device said liquid medium is arranged to

stream essentially circumferentially in said cooling channel.



5 way the cooling channel space is reduced. Further, control of the
cooling mediumis obtained through the distribution of the cooling medium
DESCRI PTIvoN 20H /1605 DRAW NGS A better understandi ng of tIreT[SEeE@N0S062TIvent i on
wi |l be had upon the 10 reference to the follow ng detail ed description
when read in conjunction wth the accorrpa%i ng draw ngs, wherein |ike
reference characters refer to |ike parts roughout the several views, and
in which: Fig. 1 schematically shows a side view of a notor vehicle;

Fig. 2 schemap iy Sfa0 by r 110 ' eliectri
notor 15 acco%\giﬁﬁllg(;:i "%/go g’nv%nbo ?ﬁ%'me’gf t eéﬁ%%eﬁﬁhpﬁ%/%%vtgcpﬁi%gﬁ?gksgnd
3b schenat i cabimangbdvioanuraxiraliméerdntiallyatietear diss rsirigoaal tHeetermoset

respectively of a lectric nmotor according to an enbodi nent of the present
mvontion. ) Caséq sty i P R e e ne e cOPRg GRane mesioRTst | on

of a part of §§id2<§bcﬁi|nﬁcéﬁdrﬁ1e{ﬂw@£ebgci§Cﬁ\iyid’&j E%tqﬂﬁmﬂiﬁgﬁdé’%nhhﬁ tﬂ%ztesent

invention; Fig. 5 schématica hows a view in the axi Irection o
di stri buti®n whyathgaceolply ehamnalcspdce isotastucadc dudiheg, tontesl efrthedicowelivig of

h i ition. , WO 2011/ 146005PCT/ SE20 050625 6 DETAI LED
}:)Egcglr IeD§I'IeQJtV &V%%W%rﬂ“%gﬁ gﬁ@@@”fq]féée £OOUE M IWMew of a ot or

vehicle 1 is shown. The

DESCRIPTION OF THE DRAWINGS

A Dbetter understanding of the present invention will be had upon the
10 reference to the following detailed description when read in conjunction with
the accompanying drawings, wherein like reference characters refer to like

parts throughout the several views, and in which:
Fig. 1 schematically shows a side view of a motor vehicle;

Fig. 2 schematically shows an axial cross sectional view of an electric motor

15 according to an embodiment of the present invention;

Fig. 3a and 3b schematically show an axial and a radial cross sectional view
respectively of an electric motor according to an embodiment of the present

invention;

Fig. 4 schematically shows a side view of a cross section of a part of an

20  electric motor according to an embodiment of the present invention:

Fig. 5 schematically shows a view in the axial direction of distribution of a
part of an electric motor according to an embodiment of the present

invention.

25



vehicle may be a heavy vehicle, such as a construction vehicle or a
mlitary vehicle. The vehicle nay be a wheeled vehicle or a tracked

vehi cl e. Wbeoti/Mescl e nay alternatively be a car. The wemiSEb@1as5wehpri ses
at | east one electric notor conprising a device for cooling of electric

not or according to any of the enbodinentsapeIOML Fig. 2 schematically shows
a side view of an axial cross section of an electric notor 10 and fig. 3a
and 3b an axial and a radial cross sectional view 10respectively of an

el ectric nmot oppgRPEd PESCRPTIONPOM FRBOMMEIfSPr esent i nvention. The
electric notor 10 conprises a rotor 20 and a stator 30, said rotor being

connected to a drive shaft 22 and arranged to rotate said drive shaft 22.
The rotor shalVYitpzefesengea &ndigd 1, 0a mide v eft airoaldryvehitlat 1 Ve showrheThet or |
wherein 15 the rotor is arranged to surround the rotqr shaft 20. The rotor
20 is accordi HSHIP 5’6\)'29? gn}?e%ﬁfi \ﬁh'ﬂﬁ’ B?&@ﬁc@&ﬂ”?%‘f‘gpnp‘f%i'g? OZO%.m'ﬁtﬁéy
rotor 20 conpyésiek. MHE&ERickS gl Be Belhediedaldniclar sradescikdd VBRiclOtpie 20.
The stator_30 is arranged to surround the rotor 20, wherein the rotor shaft

22 and conseqiehicley maye alteinatively e @ cahcéhervahitley 1 scaraprigas atlleastvena o
the 20 stator . T - f of the.rotor 5 rranged. adj acent
to-and separafidlS HaTneonRRangLE “BFEedior SPibg B mids Mol FRESGRFF SO
i s accordi ng toy af tter embbdiwments beiowy st acked stator plates 30a. The stator
30 conprises a stator winding 32 conprising a set of electrically _
conductive w [:es 32 /cor}ducl:to%s 32a, . prefer?bl y Qopcper wi res, through which
a current I9. 2 schematically shows a side view of an”axial cross section of an electric
motor 10 and fig. 3a and 3b an axial and a radial cross sectional view
10 respectively of an electric motor according to an embodiment of the present

invention.

The electric motor 10 comprises a rotor 20 and a stator 30, said rotor being
connected to a drive shaft 22 and arranged to rotate said drive shaft 22. The
rotor shaft 22 is arranged to run concentrically relative to the rotor, wherein
15 the rotor is arranged to surround the rotor shaft 20. The rotor 20 is according
to a variant built up by stacked rotor plates 20a. The rotor 20 comprises

magnets 24 being peripherally arranged at the rotor 20.

The stator 30 is arranged to surround the rotor 20, wherein the rotor shaft 22
and consequently the rotor 20 are concentrically arranged relative to the
20  stator 30. The external surface of the rotor 20 is arranged adjacent to and
separated from the internal surface of the stator 30. The stator 30 is
according to a variant built up by stacked stator plates 30a.The stator 30
comprises a stator winding 32 comprising a set of electrically conductive
wires 32a/conductors 32a, preferably copper wires, through which a current
25 is arranged to be conducted for driving of the electric motor 10. Said
conductors 10 may be of different thickness. Said stator winding 32 is
arranged to run axially such that the winding adjoins adjacently to the rotor.
The stator winding 32 is arranged to axially project form end portions of the

stator 30, turn outside the end portions and be re-introduced through the end



25 is arranged to be conducted for driving of the electric notor 10. Said
conductors 10 may be of different thickness. Said stator wnding 32 is
arranged wo 2ouni4enosal | y such that the wi ndi ng adj oi ns ascasendlpsdees t he
rotor. The stator winding 32 is arranged to axially project form end
portions of the stator 30, turn outside t end portions and be
re-introduced through the end WD 2011/ 146005PCT/ SE2011/ 050625 7 porti on,
wherein said projecting portion 32' of the stator wwnding 32 forns a so

cal led coil endnid wieIBREEaiW r%’f P4 : rdi 0 a
vari ant arrangeg tév¥un axié%tI I@S{%ﬁﬁﬁg gf%@%‘:\?ﬁﬂgggﬁgﬁgﬁj@ﬁ%?hfea”@fg’a or
pl at es 30a andofadethdotteed 3Aut from end portions of the stator 30 and back

into another conpartnent/recess 34 of the stator plates 30a. Said
electrically ¢onducti.n i res/.conduct ors, 32a may be of different shape for
different fil ﬁoﬁﬁ%f””cegn%%? toiréﬁ? é’Y'Pé‘@Qs@%&re ﬂ?&ggﬂﬁag 8? asﬁafi'%”te%%%%g?q n an
adhesively |i quh daxiadightin  b@RparRRAETIdREsa8d34 0oeRE StafdrabRabd €30

t hernosetting pl asti gh i.e. Fherm)se.t E, which preferably Ps const?t%qded by
epoxy E. Hereb9nduriedtautofrogoend exitionnadfl thec statdr W0t Andaback rdaoamather
Hereby the ja skat pr, back, 35 of the
stator, of tneoupaitieitod o4 cf o aReilpRRie S0 SARCERTFRY el
cased jacket sincbaoeddbtord 32e shgt be os difiersrd. sHAse sfoat @ifferdmdiimag 38 of
the 15 stator 30 is according to the present invention arranged to run

al ong and axi 8PTPAPMEEL¢GRFSEPom and turn outside of said jacket surface
35 of the stator 30. The stator 30 including the respective projecting
portion 32' ofrhtheaet 805 eMhsidid B2an bdﬁesiw@ lfq@lﬁgﬁgﬁt', E’;@a?@%ﬁdlﬁﬂﬂg%d I's
consequently according to the present invention enbedded wth said

t her noset1E. heat tastsinapletthesmosettinggpkestic si.arthengeset B, eiuteptéferattyp ig he

| ectri t 1Q.,t dth I ri c. not .10 co i sing the stator
S0%0t the ol eEensttiRarEY SBARK Frotefehy M Fota a5 ENTEeMFASER b a St ¢ om

the jacket suffeasssefE tHereblah®lacke®RArfacs 8BSt antheado Balldd ohtdrhsadkhey gpset
cased jacket surface 35 of the stator for form ng of said cooling channel

50 between t hthendigéon@f dhel stlonicased vt saidrtheewosst E such that a thermoset
cased jacket surface 35 of the stator is formed. The stator winding 32 of the

15 stator 30 is according to the present invention arranged to run along and

axially projecting from and turn outside of said jacket surface 35 of the stator

30. The stator 30 including the respective projecting portion 32’ of the stator

winding 32, i.e. the respective coil end 32’ is consequently according to the

present invention embedded with said thermoset E.

20 A housing 40 or casing 40 is arranged in connection to the electric motor 10
to surround the electric motor 10 comprising the stator 30 of the electric
motor. The housing 40 is arranged to run separated from the jacket surface
of the stator along a substantial part of the thermoset cased jacket surface 35
of the stator for forming of said cooling channel 50 between the housing and

25 said jacket surface 35.

The housing is further arranged to run outside of said jacket surface 35 in
axial direction for forming of additional portions of said cooling channel 50.
Said cooling channel 50 is thus formed also between the housing 40 and the

respective thus projecting portion 32’ of the stator winding 32. The cooling



The housing is further arranged to run outside of said jacket surface 35 in
axial direction for formng of additional portions of said cooling channel
50. Sai d woabimgewhannel 50 is thus fornmed al so bet weenpPChSER@ussewees 40 and
the respective thus projecting portion 32' of the stator wi nding 32. The
cooling 8 channel 50 consequently has a portion running in connection to
the respective, wth thernoset enbedded, oj ecting portion 32'/coil end
32" of the stator wi nding, wherein cooling by neans of the liquid mediumis

effected dire OWRAl ' d - od in t t, i ch
results in 5e? b%%:{riléeln\t%cggﬂgggu%ﬁut hhgdgccs)al I eﬂﬁ(grgbgﬁﬂg‘z'g%e@ icﬁﬁb%gfo stg\tMﬂE)%i ng
facilitated. Téspdutius| withi theanosstdempetided hpsojestigdporioh 32 fcailgatt 32 BN
separated fromthe jacket surface 35 along substantially the entire

t her moset cas F'éé‘JP("e‘ﬁ"nQU}g‘v ateren eolipgdbysngaps obthe bawi mpedinmiiscaftacted
channel 50. T i L 0, tdoy S ; ' :
channel 20 i s (RSP s nEORIEBHEE ) SRS e TRl VB tes 0

stat or 30 Suchkfftdett caotiogbof tiee cabends sbedded in thertoset beingrfgcititageshel 50
will be in direct contact with the thernoset cased jacket surface 35 of the

stator 30, i. ones. in direect cont.act wth the thernpset E. to the
fact that  the DEdRFs4coflhg SR Embtdien argRocT e din SeRatied fignis
thernoset, wattey jaokeét adMans aERalTIgY s Asstasesllyathede htirdUind B 8bi BSsd¥E kR
which facilitates efficient coolin housi ng 40 is sealingly connected

to said ther n6g@acponefahe Batoseyl ?di@wﬂgéﬁ@ eeoling erannet Hle dinievieousiog i ea
of e 2130 3B 8GRI By R IR AP A e

constituted by sea ing t

constitut®dl byolsingn4D ambieheebimgsdtecdtsedoftatsr 3¢ @QERitAgt hTodliMgrhadium
constituted by an adhesive material with seal] ng properties. The sealing
v

means 60 is astBRWNY Pothe weplingtchasinsl | 9Qir i 1 tdifesh GRsddE witheffiRed to
attend to ! haindrhpselicdRedsiabrinRERatd s RlAE aakadded;bn BRRY iRffethe

housi ng has a certain surface fineness and/or form 25 correctness.

fitting neansceotapt wibdhe tmotdset kg arranged in the surface of the epoxy
where the housing is intended to be arranged. Hereby sealing nmeans in the
shape of an Owri L.s arranged in, connection tq,sa.d.pachining in order to
ensure seal ing, etbgifﬂdtﬁ@g 1§ plaler ésr?%ﬁ?éje\?fﬂp@ E%'%&Ew}?agﬁ&“%%%
bet ween tte stidrargefwatee maphaianadeblsye Laes f atiggidBeboMy RMedium,

which facilitates efficient cooling.

The housing 40 is sealingly connected to said thermoset by means of sealing
means 60 at the respective end area of the stator 30. The sealing means 60
is according to a variant constituted by seals, said seals according to a
20  variant being constituted by O-ring. The sealing means 60 is according to a
variant constituted by an adhesive material with sealing properties. The
sealing means 60 is according to a variant constituted by fitting means
intended to attend to that the surfaces between the stator embedded in
epoxy and the housing has a certain surface fineness and/or form
25 correctness. The fitting means comprises a machining arranged in the
surface of the epoxy where the housing is intended to be arranged. Hereby
sealing means in the shape of an O-ring is arranged in connection to said
machining in order to ensure sealing, wherein the O-ring is arranged to be
clamped and to seal between the surface of the stator and the surface of the

30 housing.



9 The thernoset Eis applied to the stator 30 and is allowed to cure
wherein the thernoset E adheres to the stator 30 such that the external
surface obvotha/mt@sor 30 is cased with said thernoset EPCASEeS11DRS25
thernoset E has solidified the housing 40 is applied such that said cooling
channel 50 is fornmed. As a 5 result of the housing 40 being applied
afterwards and separately surrounded along the major part of the thernoset
j acket surface 35 of the stator 30 the housing 40 may be fornmed differently

Soper 10 o7 THBLHEOLARE & ApiREB b bes e 3U05eElo I IREB AR 1

used for nanytreppldseats adeemdsetoetrenbiatéhd0 Hichupbtthe extanakeduffade af ey
product . Furt{%?(rér é\(&so cas#Led framel ess electric notor may be produced by a
I

manuf act urer 8 {3 FRSSOVEP S fhermaseher adler Mo haimassy Soeapeeliflited and
adapted to sep AbRLIH rWiﬁéﬂﬂ%d%ﬁéFprﬁf(ﬁ%taﬁda‘Eo&ﬁgt cRinidi&d F?o?@é%ﬁ&%?.ka

surface, which reduces the cost for p uction the vehic cordi ng
to an enmbddi megrultsedi thel hapsing 40 dlsimy appligdiaftesvards amgeskgavatety samounded

iall jally i i d | i h l via at | east one inlet (not
gﬁiﬁﬂ; I aFi é ag Oggh%ﬁ;%?icgi F?évfgﬁg":/%n Crm%gg?\lﬁ I ?81“”‘30% sef Yiecstaint 3 the part

of an el ectri pon®ihgr40ldayaecRrhendiféreatly aBBEAHIRE YN MpliciBoR! €8€Bhape of
invention. This 20 enbodinent differs fromthe electric notor according to

t he enbodi nenthe @uter gidexofdhg hougings blesebyymasadarity it alsoabtpioed, whereemthe 52a

are arranged r.u LEC ntially t ween the_hausi.ng and the thenoset
cased sta’? or %%m]e or‘g‘lr%(\clrt]rlggC %ﬁf ﬁag%ﬂoa%ﬁ@?%pﬁqw}t TEhY %%@'Cgf'ogﬁi‘ﬁ}q%@opphgﬁ"e
channel eX entbogngiis cardef@nd hallprodd&tFi g. 5 schematically shows a cross
sectional viewin the axial direction of distribution of a part of an

el ectric notop. 10b accordi to an enbodi nent of the present invention.
Thi s enbodi meh’t'”gﬁ'f fRre f?%%dt ﬁ’@”@‘?'@é% r plecliist GoteE vy R tPEodueed Dyarrd

fig. 3a-b in phalirdth@l oF erRaNd nf‘dt@ﬁﬁﬂﬂéélﬁ?c@é?h@&giﬁ@ﬂ% b pFaHLRY AHd ¥

bet ween the housing and the thernoset st
adapted to separately run along a substantial part of the thermoset jacket

surface, which reduces the cost for production of the vehicle.

15 According to an embodiment said liquid cooling medium is arranged to
stream essentially axially in said cooling channel via at least one inlet (not

shown).

Fig. 4 schematically shows a side view of a cross section of a part of an
electric motor 10a according to an embodiment of the present invention. This
20  embodiment differs from the electric motor according to the embodiment in
fig. 2 and fig. 3a-b in that radial support elements 52a are arranged to run
circumferentially between the housing and the themoset cased stator 30
forming cooling channel portions 50a of said cooling channel extending

circumferentially.

25 Fig. 5 schematically shows a cross sectional view in the axial direction of
distribution of a part of an electric motor 10b according to an embodiment of
the present invention. This embodiment differs from the electric motor
according to fig. 2 and fig. 3a-b in that axial support elements 52b are

arranged to run axially between the housing and the thermoset stator 30



10 form ng axi al cooling channel portions 50b of said cooling channel 50.
Her eby, according to an enbodi nent, the cooling nediumcould streamin an
axially rwonbnigi4e®s! i ng channel portion 50b and turn at pomsSEecd/osfe2s he
electric notor and be conducted into another axially running cooling _
channel portion 550b and stream agai nst t?@ stream of the cooling mediumin
the earlier cooling channel portion. According to an enbodi ment said Iiquid
mediumis arranged to streamessentially circunferentially in said cooling

channel via agyhf ta)QQIecbeliﬁ'chm%fg%n&igg%ﬁﬁngﬁlsaﬁg gg&ﬁ{gdicﬂgnhglp{5§§

present invention has an extension recti on”bé ng-a _
anong ot hers i—breluwlaamgrdiegdisansémleoaﬁmeeit,etobrdo@lingmdiudﬁ@dul@@tr&bﬁemmmg
vel ocity of the cooli nagmad'.um te erat,urggof the cooling nediumetc. The

cool i ng” chann@KalhJUHY(8 CoRYNG ShapRe RBHeR gdP AnddH 8here endPf i eladtiabl e
form on chann ' ' | I 0 oS d I

sur roundi ng tﬁeOtgfé@? ‘ryiézconr;)c{ugyg’d %égml}i&t%gélﬁ}o@sqnﬁ] %@'“@:Q@}ﬁﬁgﬁﬁ abl e
mat eri al @nd wdkrand streor ragangdi thg stoeami et she loeotieg meediasi rig thadearlier ]
covering. The housi 40 i s according to a variant arranged to support the
stator 30. A088?|H]%ngr5"eép\9§fqnant the stator 30 is arranged to be supported
by nmeans of other unit of e.g. a vehicle and consequently fixedly arranged

separ at ed fromcedidiey housh ngmbBdinhetit saial liGaby nMRaCisedrigpgbheteushpp 40.
The foregoing description of the preferred enbodi ments of the present

i nvention haseBRHIy Girdederestialhi said soskng ehannelyia ableashorminlet. _
description. It is not intended to be exhaustive or to limt the invention

to the preci 5¢P5Qfd6ﬁn i&%hﬁéfgﬂ ARSI Y thd"BRYsRP HierntiBh! S a&tension

variations wi |l be apparen
10 in radial direction being adapted among others to cooling needs, size of

electric motor, desired streaming velocity of the cooling medium, temperature
of the cooling medium etc. The cooling channel may have any desired

configuration comprising any suitable form on channel portions.

With housing herein is intended an element surrounding the electric motor,
15  where the housing may be of any suitable material and where the term

housing comprises the terms casing and covering.

The housing 40 is according to a variant arranged to support the stator 30.
According to a variant the stator 30 is arranged to be supported by means of
other unit of e.g. a vehicle and consequently fixedly arranged separated from

20  the housing 40, but sealingly connected to the housing 40.

The foregoing description of the preferred embodiments of the present
invention has been provided for the purposes of illustration and description. It
is not intended to be exhaustive or to limit the invention to the precise forms
disclosed. Obviously, many modifications and variations will be apparent to
25  practitioners skilled in the art. The embodiments were chosen and described
in order to best explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to understand the
invention for various embodiments and with the various modifications as are

suited to the particular use contemplated.



25 practitioners skilled in the art. The enbodi nrents were chosen and
described in order to best explain the principles of the invention and its
practi calwappliaaiosons, thereby enabling others skill edpcm/SEb@ 1851623 0
understand the invention for various enboginments and with the various
nodi fications as are suited to the particular use contenplated. WO

2011/ 146005PCT/ SE2011/ 050625 11 CLAIMS 1. A device for cooling of electric
notor (10), which electric notor conprises a stator (30) with a jacket
surface/ statog|geis (35), wherein a housing (40) is arranged to surround
the stator (30), the device conprising at |east one 5 cooling channel (50)
in which a liquid cooling nediumis intended to streamfor cooling of the
el ectric notof. (Adleviaghter eonlingef Alegtiqmotera)l 0), swhich ahepttc trotoucomppsesit ed

f th t at I i t qf .t et cased jack .

surtace (35 oo QFLEBH bRt aificsslrics toedapl aouri g TaHsAER ) o)

bet ween the hattahged (60surogndahd dtawre3oyurieadeviceOtomphidingChelldagdond

that 10 the stator w ndi qg(éé))?;Z) of the stator is arranged to run along and
t

axi al |y prdj e6polfnbanAmEe inowhighde ligrics ep@lingaaiediurs us firteadeadsy strgher ei n

the stator (3 I NG | | L ndi.pa ( ] nbedded

W th sal 0 t her Ry g e et AIGH . BBk il RELERg(oL i dr iRt
bet ween t he howsseparadd) frandthehstatdruSopratyrecsimgingiat of the thdrmeseBadsed 52.
A device according tqQ claim1l, wherein_ said ther m)setq;é E) is constituted by
epoxy. 3. A [k ‘é“’g%%f%ﬁ)rﬂ thg tater /39 tor forminar siaid sapling Flagnne!d86) i ng

153, “wherei n TR Goia et 140 apg g fackel 6Ra8E 690, GRArd deR¥ah fiaf "
(E) by neths tHfe staibi mgnadiegnS2) 64f) thet stater respeoged eoenth atem afidt daalht at or
(30). project from and turn outside of said jacket surface (35), wherein the stator
(30) including the projecting stator winding (32) is embedded with said
thermoset (E), wherein said cooling channel (50) also is formed between the

housing (40) and the thus projecting stator winding (32).

15 2. A device according to claim 1, wherein said thermoset (E) is constituted

by epoxy.

3. A device according to claim 1 or 2, wherein said liquid cooling medium is

constituted by water.

4. A device according to any of claim 1-3, wherein the housing (40) is
20  sealingly connected to said thermoset (E) by means of sealing means (60) at

the respective end area of the stator (30).

5. A device according to any of claims 1-4, wherein said liquid cooling

medium is arranged to stream essentially axially in said cooling channel (50).

6. A device according to claim 5, comprising support elements (52b)

25 arranged to run axially between the housing (40) and the thermoset cased
stator (30) forming axial cooling channel portions (52b) of said cooing
channel (50).



5. A device according to any of clains 1-4, wherein said liquid cooling
mediumis arranged to streamessentially axially in said cooling channel
(50). 6.wa22dnavisemsaccording to claimb5, conprising suppariSEediensnts (52b)
25 arranged to run axially between the housing (40) and the thernposet cased
stator (30) form ng axial cooling channel gorti ons (52b) of said cooing
channel (50). WO 2011/146005PCT/ SE2011/ 0% 625 12 7. A device according to
any of clainms 1-4, wherein said liquid nmediumis arranged to stream

essential ly ciyr cANd&i@bkabiding o %ﬁgdofcag.'mm &hﬁﬂ?@éa(séfa) liqu ngeraéufa?a“.sce

according to claim7, conprisi’hg support el enent s arr to run
ci rcunf er ent i alranged towstraamhessentisingr¢uidleramntiblyhie saitbcowingt crarask(b®t at or
(30) form ng cooling channel portions (50a) of said cooling channel

extending cirgu erentlall 9. .An Iec ri c_notor risi
cool i ng devi cg ccg?ﬁ'cﬁgaf%orgmg 6Pe8 Z FARgsINg suapqgr@ F% g@@)m cle
(1) conpri si ngrrahgb@as fuPBrc thREERTIAIYBEtREH 103 haGsiPgLU0Par @t fHedmBs8t

5 cased stator (30) forming cooling channel portions (50a) of said cooling

channel extending circumferentially.

9. An electric motor (10) comprising a cooling device according to any
preceding claim.

10. A motor vehicle (1) comprising at least one electric motor (10) according

10 toclaim 9.



