Description A rotary electric machine and the method for assembling it Technical Field This
invention relates to a rotary electric machine, in particular an electric motor with built-in electronic
‘control circuitry. 5Background Art A rotary electric machine basically comprises a casing, a stator !
rigidly connected to the casing, a rotor, for example of the type with permanent magnets, enclosed by
the casing an%o}a;tf?&lﬁg%qnnected to th_e latter. When the e|eC”'5?Cl}}ﬁQQ&Q,§S£H{}C“O”S as a rr_lotor,?
the rotor is rotationally fedriven by powering the stator through an electronic circuit or control circuitry,
which in this ease, is also positioned inside the casing. The casing is then closed by a cover with a
terminal strip on the outside of it to power the electronic circuitry and, hence, the electric motor.

The control circuitry comprises a power circuit and must therefore be 15provided with a heat sink for
absorbing the heat produced by the electronic power components during operation. At the same
time, the assembly must guarantee an efficientlédaripitzal connection between the electronic circuit and .
the electric motor so as to ensure that the motor operates correctly. 20In the case of electric motors .

with built-in electronic circuitky,-ARSQERERMAEhine and the method for assermbling it

Technical Field
This invention relates to a rotary electric machine, in particular an elsctric

motor with built-in electronic control cireuitry.

£h

Background Art
A rotary electric machine basically comprises a casing, a stator rigidly

connected to the casing, a rotor, for example of the type with permanent magnets,
enclosed by the casing and rotatably connected to the latter,

When the cleetrie machine functions as a motor, the rotor is rofationally

10 driven by powering the stator through an electronic circuit or control circuitry,
which in this case, 18 also positioned inside the casing,

The casing 1s ther closed by a cover with a terminal strip on the outside of it
10 power the electronic cireuiiry and, hence, the elecitic motor. .

The control circuifry comprises & power circuit and must therefore be

135 provided with a heat sink for absorbing the heat produced by the electronic power
components during operation.

At the same time, the assemnbly must guarantee an efficient electrical
connection between the electromdc circuit and the eleciric motor s¢ as 10 ensure
that the motor operates correctly.

20 In the case of electric motors with buili-in electronic cireuitry, absorption of
excess heat is not easy to achieve because it is difficult to make an effective
clectrical connection between the electronic cirewitry and the mofor and good
thermal contact between the electronic circuitry and a comresponding heat sink, in
particuiar the cover. .

25 The main probiems are due precisely to the fact that, because the casing has
o be closed with the cover, it is difficult, with the molor substantially closed, to
meke all the electrical and mechanical connections in optimum manner,

To enable the assembly to be closed, prior art solutions provide at least one



excess heat is not easy to achieve because it is difficult to make an effective electrical connection
between the electronic circuitry and the motor and good thermal contact between the electronic
circuitry and a corresponding heat sink, in particular the cover. 25The main problems are due precisely
to the fact that, because the casing has to be closed with the cover, it is difficult, with the motor
substantially closed, to make all the electrical and méchanical connections in optimum manner. To
enable the assembly to be closed, prior art solutions provide at least one 2 sliding contact, such as a
connector, for example, which is easily subject to problems of reliability and efficiency for example on

account of vibrafions .CoMtack Warh Q% oPkiiRgiieMReraturaphetwaan the mator angetheiglectronic
circuitry or between ﬁe electrani .f:ircuitré( and the ter%ninal strin. __In the finESt ase, t@enelectronic
circuitry is rigidiy <5 %%Eté)éc ] fﬁ%l CovaPth Brddr ?g%pﬂFnE%aﬁlé}al? é’)?cﬁgﬁ%%nwff% the fatter and, when
the casing is closetiaet sNaitg @onnsstitenienreBlislebroIETIfeaitAPtor tiadib ClisiRRiCase,
therefore, the hegalesink nstiardakes Qeariyio wictherathdaiiétaithaicenpection between the
etectronic circuitry and NEROPLae it MERERA0AERTE, e Aleryonis cicyiliis ellegtiyely and

rigidly connected to thé motor, for example by so erlna?, contact of the circuitry with the
cover is not partfEafarl) ereBtive hsaeriduisteniBxasdate sahorben iyt meneiesisicibsing
tolerar_lces. TFhdisgdndhadattessetotiothdhel @leonicigintuitryds thet mﬁmivhiy t}hﬁessm&,aggi nst the
heat sink, for exgmple.an accopnl OLARSEMRIIPIARACESAHE0. gecRlrRAYMantipnesk tgre is

normally a sliding contact, with all its inherent limitations, between the electronic circuitry and the

terminal strip onHEERHSIHREHRT SR FASSHERRS ATEHHBh* 1Y the AR ¥ontext, the main purpose of the
invention is to proposéra tistasp@iedtriesnathineleatitnate cironit cinsuitfebiiiitintertteragiditng, which

overcomes the ahgye-meniioned disedvaniagasnple Bhisdmeniondhesetore bagdfar an aign to provide
an electric machine that is. more reliable than rlorfni o) ti(%ns In terms o;gxcess Qeat absorption and
e

electrical conneSHSHETMAEE 12 CORR T RS NS 2 {SBRAHEEh B

AVERtion is o e iBtor wi
: r provide an electric motor with
“built-in electronieasipsnitef thherserraax@esaaedemiarticed by the circuitry itself is effectively

absorbed. A furtherrigiafihadnvensionds, thpvide o eleolie RachiaReuit:B iriakie electrical
connection betwa?g%ri]ng%%heé%etgkcs%gfofro?%%é&%l%l%grgcnclgu%’vg?ra Isre(f}ijfatlrj}/ ‘tolerances. Also, as
already mentioned, there is normally a sliding contact, with all its inherent

limitations, between the electronic circuitry and the terminal strip on the outside.

Disclosure of the Invention

In this context, the main purpose of the invention is to propose a rotary
electric machine, with electronic circuitry built into the casing, which overcomes
the above mentioned disadvantages.

~ This invention therefore has for an aim to provide an electric machine that
is more reliable than prior art solutions in terms of excess heat absorption and
electrical connections inside it. _

Another aim of the invention is to provide an electric motor with built-in
electronic circuitry where the excess heat produced by the circuitry itself is
effectively absorbed.

A further aim of the invention is to provide an electric machine with a
reliable electrical connection between the electric motor and the electronic power
circuitry. S

A yet further aim of the invention is to provide an electric machine having
an effective interconnection between the terminal strip and the motor.

The stated technical purpose and at least the specified aims are substantially



A yet further aim of the invention is to provide an electric machine having an effective interconnection
between the terminal strip and the motor. The stated technical purpose and at least the specified aims
are substantially 2a achieved by an electric machine, which according to one aspect, comprising a
casing; a stator fixed to the casing and including at least one electrical winding; a rotor housed in the
casing and rotatably connected to the latter; an electtdnic circuit for powering the winding at least
partly housed in the casing; a cover for closing the casing to form with the latter a sealed enclosure; a
terminal strip, accessible from outside the enclosure, for controlling the electronic circuit; a heat sink
for absorbing thgpeat-aregusedidprarticdahcbyanerelResanicCitcuite saiskbealsipkhiging embodied
preferably by the cover; t%etmz?aichigl? btging characéeriz§ddin th?tl it also com ri(sxﬁs Wellrijld'si'gc_mechanically
and electrically S3RRBTHRG e SRSl e TR BarhEen the Gadr S3d the SR SHICETIR The electric
machine may havtoadeitisdaifediuisias dadnsipiably isausichae réo offth datiints dBpERIBAL on claim

1. The inventioncalsar &latgswisiapathen aspeetadasmeinbdiehnssembligsngfary @lectise machine

comprising the sig ?ﬁgf' Yenaing.a %@gﬁ”%&ﬁ?ﬁ&%ﬁ?@%{ﬂ‘éﬁ ahlgashong %%EFQ e casing,
placing a rotor in the €asing and‘totatably connecting it to the latter; preparing an electronic circuit for
powering the wiARREFIA EEEASIHG dneheIBrivTCcieURBEARES CofOIeRRIRAFYH S Attessible from
outside the casisgikclosisigdhie cashecheitipadovet, to foan arkeatedtbe clostroaj cherceitesaddnstituting,
in particular, a hﬁ@gtsigiﬂqrggﬁgeleegﬁm&girgy‘i:tgepag}pqeggyoq}gei@g‘%p?rﬂge%jgethggggomprises

the step of providing elastic mechanically and electrically’connecting means operating. between the

stator and the eRXRSHEEHEUR toBrels 8 HREPOIRS ok A gRRTarmea tyyarhrd ST ttie the
electronic circuittoubectingyettoiosepdating Stettveanhtng tetcovedishslodedrdhe msthbdThay also have
steps as defined.jn.aaeRiRRkeRf e alnsdaperdertoR dain:k9. Brief Description of the Drawings
Other characteristics and advantages of the invention are more apparent in the detailed description
below, with reference to a preferred, non-limiting, embodiment of a rotary electric machine, as
~illustrated in the accompanying drawings, in which: - Figure 1 is a schematic perspective view of a
rotary electric machine according to this invention; Figure 2 is a schematic perspective view, with
some parts cut away in order to better illustrate others, of the rotary electric machine of Figure 1,
Figure 3 is a schematic section view of the machine of Figure 1, with some parts cut away in order to
better illustrate others; Figure 4 is another perspective view of the electric machine of Figure 1,
with some parts cut away in order to better illustrate others; - Figure 5 is a schematic exploded
view, with some parts cut away for greater clarity, of the electric machine of Figure 1,



Figure 6a illustrates a first detail of the electric machine according to the invention in a schematic
perspective view; - Figure 6b illustrates the detail of Figure 6a in another schematic perspective
view; 3a - Figure 6c illustrates the detail of Figures 6a and 6b in a schematic perspective view with
“some parts cut away for greater clarity; - Figure 7 illustrates a second detail of the electric machine
according to the invention in a schematic perspectivedview; - Figure 8 illustrates a detail of a
second embodiment of an electric machine according to the invention in a schematic perspective view.
Detailed Description of the Preferred Embodiments of the Invention ~ With reference to the

accompanying drawiags. i RARIHIAEIEIRN8S kAR Bl e DT el L deneiss an,slagitic machine

according to this invention and the descrlgtlon of it given below is |imited to the parts necessary to

understand the FRRARFOASPEC: (PrefRFEr Shasswe 3 EBRIDSESTHR BIRCHHE HOTF b 8e sealed
type, that is to séyewitipoutfanyeppaming gising aboess tostheingite afltgtoonbistinthiszspetification
expressly referSéagl{fn\gjﬂ%%ﬁyEl%tmeﬁ%@ec%ﬁge dﬂ&%%bfgfhgom?&lﬁ‘ﬁ@ & fePmBrigaea casing 2
and a respective cover 2a Whljh t5 together.foifm a sealed er%ﬁlosuredlo, a stﬁtor or.stator unit 3
housed in the cé%ﬁ‘?‘?&néll%daé?rg _8? 5?1}10tocr1{5351ﬁ ,Oﬁo%os“efajllﬁgthe_ %a‘gi}ﬁlglggaﬁ%l ofzat%ﬁf)slkr(1 Eohected to the
latter.  With refiersiosacircpavicdiaying Figepes @ daanazhestateed:siblise feommpliside s three
windings 5, 6, 7 @Rthfhe:mashingelGoMPREEs an-elRetioNtBrm a sealed enclosure, the cover

constituting, in particular, a heat sink for the electronic circuif; the method being

characterized in that it comprises the step of providing elastic mechanically and

electrically connecting means operating between the stator and the electronic

circuit to press the electronic circuit against the cover and to enable the electronic

circuit to be moved closer to the stator when the cover is closed. The method may

also have steps as defined in one or more of the claims dependent on claim 19.

Brief Description of the Drawings

Other characteristics and advantages of the invention are more apparent in
the detailed description below, with reference to a preferred, non-limiting,
embodiment of a rotary electric machine, as illustrated in the accompanying
drawings, in which:

- Figure 1 18 a schematic perspective view of a rotary electric machine
according to this invention;

- Figure 2 is a schematic perspective view, with some parts cut away in
order to better illustrate others, of the rotary electric machine of Figure 1;

- Figure 3 is a schematic section view of the machine of Figure 1, with
some parts cut away in order to better illustrate others;

- Figure 4 is another perspective view of the electric machine of Figure 1,
with some parts cut away in order to better illustrate others;

- Figure 5 is a schematic exploded view, with some parts cut away for
greater clarity, of the electric machine of Figure 1;

- Figure 6a illustrates a first detail of the electric machine according to the
invention in a schematic perspective view;

- Figure 6b illustrates the detail of Figure 6a in another schematic

perspective view;



tocircuit 8 for powering the windings 5, 6, 7. The circuit 8 is advantageously housed in the casing 2
and a terminal strip 9 for powering the circuit 8 is accessible from outside the enclosure 10.  The
machine 1 also comprises a heat sink for absorbing the heat produced, in particular, by the electronic
circuit 8. 15In this solution, the heat sink is embodied by the cover 2a which, as will become clearer as
this description continues, is kept in thermal contact 3ith the electronic circuit 8. With reference
in particular to Figure 4, the machine 1 comprises elastic coupling or connecting means 11 operating
between the stator 3 and the electronic 20circuit E.  When the motor is closed, these connecting

means 11 between the ?ﬁ%ﬁ OnE areiibianddheaiater %g@ﬂsstma elggtionic, CirGuitcghagé only to
move closer to the stator 3, to Whjci|1 it is preferatg con ected rlgg §nd securely, as described in

more detail beldk§ BTt ASo 16 HE 1 Oé%p“étalﬁg {EoVero) |Ilustrated the connecting
means 11 comprise a-pltigiiy Bfﬂéﬁﬁtﬁéegtﬁsﬁﬁﬁgnélém%tgfl@%@%m@ %ﬁéhlﬂéa@lﬁ?%‘éﬂﬂﬁg‘@ which,
when the machipg i§@$§@;pﬂ{@dsm13{f®@1§§é@mi@@muit 8 towards the heat sink, away from the

stator 3. The eIaIgtlc cor‘gwe ting means, gé% g %? gong% g %n-!EXH#S Qrggrh&%pef %}% 30windings

5,6,7. Inother Words Sach 01‘1 e Wlndln S has at east one Ie portlon In particular,
towards the stateeghifs AR HAR Té‘fthﬁ‘e"éﬁ%ﬂelbﬁhﬁé@%m@aﬁfeﬁ%@ftﬂ%%fé? to maintain a sure
connection between the electronic circuit 8 and the windings 5, 6 and 7 while the circuit itself is being

pressed agains!yyag S0y Bled AR R HONIA L EHIb Adnih AU K3 Laifly associated with the

windings 5, 6, 7at Qne_en e respective flexi
With re erence to the accompanying

ortion
&fwmgs in particular Figures | and 5,
the numeral 1 denotes an electric machine according to this invention and the
description of it given below is limited to the parts necessary to understand the

invention.



Looking more closely at the details in connection with the flexible portions 13, where the reference
character R denotes the axis of rotation of the motor, substantially parallel to a coupling direction D
‘along which the motor is assembled, said flexible portion a have a first arm 15 substantially transversal
to the direction D.  The arm 15 defines a sort of leaf-spring suspension system which allows the
flexible portio@v%g’zot{% [%)\é?. _ The electronic ci_rcuit 8 can thus ma) &g%gg%ﬁrﬂd away from the
stator 3 10according ?of e extension of the leaf springs. In practice, the end portion of each |
winding, which, in the example illustrated, takes the fool, of two wires placed side by side, projects
from a last coil, wound around a corresponding pole shoe, towards a point substantially where it is
fixed to the electronic circuit 8. 15Each flexible portion 13 also has a second arm 16 substantially
parallel to the coupling direction D and extending towards the electronic circuit 8. As illustrated in
Figure 2, the end 14 of Brefefidkiblecpostinine] B ¢scaefine dubyieome entbobitbearm<itype, Each
winding 5, 6, 7 is eeRRegies) Rithe-clestspnin.cull Balasespeniieid0h: 16 suiakhiprovided in the
electronic circuit 8itseff Adyantadeoyshy e Gitshd-AiR30ldessd b s lespgetive tabs 17, The
numeral 35 in Figures h5 and 8 dqnotes in their entirStyTrﬁseaQs fﬁogr.@ge |‘p Teweijrj]C s 14 in a position
suitable for assembly, as%%ﬁ%ﬂﬁ%d“ir‘f ‘M Fléseaeata‘fﬁ%léqow? Wliﬁprg erenceto ﬁigu,res 2 and 5, these
means 35 compridesasraathiRe BlefRRRlosE hHYiAGETP RIr g SPEetes it WhitHiie flexible portions |
13, in particular theid seendraros w6, Areovrsgagde. casing Thadvisielatie Lesniprisedmeans 38 for |
coupling the elemart36 to the stator 3 in such a way as to bold them substantially in place during

assembly of the 30maciifie direnolMillharfaIRPEEHEUIgUER B e Binans Boiockeqning the ends 14in
a position suitable, (gt Assembly. A5, RGeS by AdHL aeLslemenk i Bravidradib seats 37 similar

to those mentione o) The diffuser eée(?ent 39 is substantially circular in section and has
raf

the shape 550f a ﬁ’ﬁ%%g(f‘éf ROREIRITH CIPIEEI A4l surfaces.

The circuit § is advantageously housed in the casing 2 and a terminal strip 9
for powering the circuit 8 is accessible from outside the enclosure 14
The machine 1 also comprises a heat sink for absorbing the heat produced,
in particular, by the electronic eircuit 8.
15 In this scluticn, the heat sink is embodied by the cover 22 which, as will
become clearer as this description continues, is kept in thermal contact with the

elecironic cirouit 8.
With refercnee in particular to Figure 4, the machine 1 comprises elastic
coupling or connecting means 11 operating between the stator 3 and the electronic

20 circuit 8. L

When the motor i3 closed, these connecting means 11 between the
electronic circuit 8 and the siator enable the electronic circuit 8 not only to move
closer to the stator 3, to which it is preferably connected rigidly and securely, as
described in more detail below, but also to be pressed against the cover 2a.

25 As flustrated, the connecting means 11 comprise a plurality of elastic
pushing elemenis 12 or, more specifically, springs which, when the machine is
assembled, push the electronic circuit 8 towards the heat sink, away from the
stator 3.

The elastic connecting means 11 also comyprise a flexible portion 13 of the

30 windings 5, 6, 7.

In other words, each of the windings 5, 6, 7 has at least one flexible portion
13, in particular, towards the stator 3, forming part of the elastic connecting means
11 in order to maintain a sure connection between the electzonic circuit 8 and the
windings 5, 6 and 7 while the circuit itself is being pressed against the cover 2a.

35 The electronic circuit 8 is, in particular, rigidly associated with the windings



The diffuser element 39 is housed ihi the casing 2, not shown in Figure 8, and is connected to the

stator 3 by the above mentioned coupling_ means 38. It should be noticed that in this embodiment
‘the element 39 is shaped in such 2 way as to keep the warm air which is produced inside the casing 2
and 5 which is moved by the rotor 4, in particular by a fan 4a, into a zone inside the element 39 itself

S0 as not to af{%d%gg%%]%gtronic control circuit g, or more specifically, aPB‘B}%%Bo i/[‘)%bi{ ,22 forming part of
the circuit 8 and described in more detail below. In an alternative’embodiment that is not

illustrated, the means 35 are toembodied by the armgs 16. In this embodiment, the aims 16 are
themselves provided with a rigid structure that keeps them effectively in a position substantially parallel
to the axis ID. The wires forming the end portion of the winding are, by way of example, 15wound
round each other in a spiral and are thus sufficiently rigid to remain in place during assembly of the
motor I.  As regdrdstheretastic éldihe ntspd2ivit Bhdblicbbeimotited that the stator 3, which comprises
a metal core or portion 13owkh ReIe GXRANSIORSIEIR B WIRA6: ISeIRIRGIBARIORARRas a plurality of

seats 20 for the elasti¢ glements:le, 20106 $624S rQ e dprmed p ig:iR01tiAg partion 19 and are
preferably conical gobf?cmt te msa%(etfop of the ehllallstlg %I%me s11 \! %rd r to hold.the elastic

elements 12 in the COTFec ﬁoﬁ?fon, tht'flsaker’{fé‘famlnggthéI Circuit 8 pressed a

o : . cep _a?aln%tlfﬁteof:o‘@er 2a, even
under difficuft worEHgEdbith dsvinerregives amnirdre madetitiHeewsi @by are tubular, that

is to say, they 25afee dpesiiestiéne end in such a way that the elastic elements 12 rest on the metal
The arm 15 defines a sort of leaf-spring suspension system which allows the

flexible portien 13 to move.

The electronic circuit 8 can thus move lowards and away from the stator 3

16 according to the extension of the leaf springs,

In practice, the end portion of each winding, which, in the example
illustrated, takes the form of two wires placed side by side, projecis from a last
coil, woimd sround a corresponding pole shoe, towards a polnt substantially where
it is fixed to the electronic efrenit 8. '

15 Each flexible portion 13 also hag a second arm 16 substantially parallel to
the coupling direction D and extending towards the eleclronic cireuit 8.

As iflustrated in Figure 2, the end 14 of the flexible portion 13 is defined by
one end of the arm 16,

Each winding 5, 6, 7 is connected to the elsctronic circuit § at a respectivs

20 tab 17 soitably provided in the electronic circuit 8 igelfl

Advantageously, the ends 14 are soldered to the respective tabs 17.

The numeral 35 in Figures 2, 5 and & denotes in their entirety means for
keeping the ends 14 in s position suiizble for assembly, as explained in more
detall below.

25 With reference 1o Figures 2 and 5, these means 35 comprise a plate-like
element 36 having a plurality of seats 37 in which the flexible portions 13, in
particudar their second arms 16, are engaged.

The machine 1 comprises means 38 for coupling the slement 36 to the
stator 3 in such a way as to hold them substantially in place during assembly of the

30 machine 1.

With reference to Figure 8, the means 35 for keeping the ends 14 in a
position suitable for assembly are embodied by a diffuser element 39 provided
with seats 37 similar to those mentioned above.

The diffuser element 39 is substantially circular in section and has the shape

35 of a truncated cone, with curved lateral surfaces.



portion 18.  Figures 6a, 6b and 6c¢ in particular show how the electronic circuit 8 is mounted on a
substantially disc-shaped mounting element 21 and the elastic pushing elements 12 operate between
'the statorS and the element 21. 30The mounting element 21 has suitable mechanical properties to
apply the pushing action against the cover 2a. It should be noticed that the electronic circuit 8

comprises the‘,ﬂ?%%‘,&gﬁﬂlt 22, which produces most of the heat to be g’ﬁggﬂ qﬂg a signal circuit
23.  The power circuit 22 comprises conductive tracks 22a, for example of copper, on which are

mounted substantially known electronic power components 7 22b, such as MOSFETSs, for example,
necessary for operation of the motor I. ~ The signal circuit 23 comprises a multilayer printed circuit
board 23a and a plurality of related passive elechunic filtering and/or signal components 23b mounted
on the circuit board 23a itself SPreferably, the electronic power components 22b are mounted on the
side opposite the passivéetiEwonideonm F6niehts:28bniith cespettita thewnouking:element 21. In
the preferred embeaglimenintireietitenic:powercomponents 22 @emmestert on the side opposite
the cover 2a with respegt 4, theynounting:glement LQ8 iment the element 39 is shaped in
such a way as o keep the warm air which is produced inside the casing 2 and
3 which 15 moved by the rotor 4, in pamcular by a fan 4a, into 2 zone inside the
element 39 itself so as not to affect the electronic copirol cireuit 8, or more
specifically, a power circuit 22 forming part of the circuit § and described in more
detail below,
In an allernative embodiment that is not llustrated, the means 35 are
10 embodied by the arms 16.
In this embodiment, the arms 16 are themselves provided with a rigid
structure that keeps them effectively in a position substantially paraliel to the axis
D

The wires forming the end portion of the winding are, by way of example,
15 wound round each cther in a spiral and are thus sufficiently rigid to remain in
plave during assembly of the motor 1.

As regards the elastic elements 12, it should be noticed that (he stator 3,
which comprises a meial core or portion 18 with pole expansions, coated with an
isolating portion 19, has a plurality of seats 20 for the elastic elements 12,

z6 The seats 20 are formed in the igolating portion 19 and are preferably
conical to facilitate insertion of the elastic elements 12.

In order to hold the elastic elements 12 in the correct position, thus keeping
the circuit 8 pressed against the cover 2a, sven under difficrlt working conditions
which cause heating of the machine 1, the seats 20 are tubular, that is o say, they

25 are open at one end in such a way that the elastic elements 12 rest on the metal
portion 18. ‘

Fipures 62, 6b and 6¢ in particolar show how the electronic civenit § is
mounted on a substantially disc-shaped mounting element 21 and the elastic
pushing elements 12 operate between the stator 3 and the element 21.

30 The mounting clement 21 has snitable mechamical properties io apply the
pushing action against the cover 2a.

It should be noticed that the electronic circuit 8 comprises the power eircuit
22, which produces most of the heat o be absorbed, and a signal circuit 23,

The power circuit 22 comprises conductive tracks 22a, for example of

33 copper, on which are mounted substantially known electronic power components




Preferably, the electronic power components 22b are mounted directly on the mounting element 21.

It should be noticed that the mounting element 21 also comprises a plurality of elements 21a for
‘individually fastening the passive electronic components 23b 15in such a way as to hold them firmly in
place. Itis important to notice that this solution prevents high currents from flowing on a printed
circuit that mi ed or deteriorated by this type of current flo ﬁ 'I%J? ated in particular
in Figure 6c, ﬁég(g)ﬁéﬁrg%%guit 22, in particular th. trncks 77a, is accessﬁlléflﬂrefIfj P é F:{the ninittinzg
element 71 ;n cm-11 n lvey gist it can be placed in gontact with the heat sink. In practice, in the
vicinity of the power circuit 22, the mounting element 21 has a pair of windows 24 giving access to the
conductive tracks 22a of the circuit 22 itself. 25As may be observed with reference in ?articular to |
Figure 7, the cover 2a, which, as mentioned above, is a heat sink for the electronic circuit 8, has on the
inside of it a pair cibretuber 28BS 75 ocatedidebstantialliyatiietiwind dws:24:ih. such a way that it can -
come into contact with the gewesignault 2dnpaatds, mithithe g@ﬂ@p%ﬂ;a&@%@AdvantaQeously, '

between the condyﬁyé,jgyirgiegéa@(%arggmg ng%ﬁirﬁﬂgrjgg angthe gﬁp&%g&gﬁgtg@@rance 25, the

machine. 1 comprises &{Qe%ﬂy con U&;}J@{Q«s elteclttrically insulating element 26, for example made of

silpade. It shouldBe néticed that to enable the element 26 to function correctly, the elastic elements

12 are suitaBly dimensiBGtPEY plESHEHOWRH CifAmP YL Y s StAR REA S ith a predetermined

pressure. 8 opposite the passive electronic components 23b with respect o the mounting

slement 21.

In the preferred embodiment, the electronic power compenents 22b are
mounted an the side opposite the cover 2a with respeet 1o the mounting element

10 21.

Preferably, the electronic power components 22b are mowrted directly on
the mounting element 21. |

It should be noticed that the mounting element 21 also comprises = plurality
of elements 21a for mdividually fastening the passive elecironic components 23b

15 in such a way as to hold them firmly in place.

It is important to notice that this solution prevents high currents from
flowing on a printed cirenit that might be damaged or deteriorated by this type of
current fiow.

As lustrated in particular in Figure 6¢, the power circuit 22, in particular

20 the tracks 224, is accessible through the mounting slement 21 in such a way that it
can be placed in contact with the heat sink.

In practice, in the vicinity of the power cirenit 22, the mounting element 21
has & pair of windows 24 giving access to the conductive tracks 22a of the eircuit

- 22 dtselfl

23 As may be observed with reference in particular to Figure 7, the cover Za,
which, as meniioned above, is a heat sink for the elecironic oitcuit 8, has on the
inside of it & pair of pmmberéﬁces 25 located substantially at the windows 24 in
soch & way that it can come into contact with the power circuit 22, that is, with the
conductive tracks 22a,

50 Advantageously, between the conductive tracks 22a of the power cirenit 22
and the respective protuberance 25, the machine 1 comprises 2 thermally
conductive, electrically insulaiing element 26, for example meds of silpzd®.

It should be noticed thai fo enable the element 26 to function comrectly, the
elastic elements 12 are suitably dimensioned to press the power circuit 22 against

35 the heat sink with 2 predetermined pressure.




For example, if silpad(r) is used, the pressure required for correct operation is at least 13 kg per
square centimetre.  The elastic elements 12 are designed and distributed to optimize the pushing
force applied to the mounting element 21. 5In particular, the elastic elements 12 are designed to apply
the pushing force at the components of the power circuit 22 but without making the structure

hyperstatic. ng 2mﬁm%g%odiment illustrated, the elastic elements 12 afg_l[cé%%&%égg% two sets of three,
.Int

the elements in each set of three being spaced at angular.intervals of e preferred
embodiment, the elastic elements 12 apply a pushigg force of approximately 60 kg.  In the light of
the above, when the cover is placed on the casing, the elastic elements 12 push the electronic circuit 8
against the cover 2a hard enough to guarantee good heat exchange, while the portions 13 allow an
oplirmun Isconnection to be maintained between the electronic circuit 8 itself and the stator windings.
With reference to Figurdsr3=sampz, 1oripelfeiingethd:marehine tgtived fivention: cpateimplates the
provision of a terminalsiip 2 ¥pratsgdirgdtgaeite cover 2a through a suitable opening 28. 20it should
he noticed that at the opgRinG:A8, Hehuasn shetermipaly and the-anarshepa s, anjnterposed gasket

29 that is pressed gg@'q% }hg era the over Za bé/ Jf'}%? elastic elements 12, thus guaranteeing an
effective seal at the te?iné’“‘i salﬁ%é??/v %ﬁt ré ﬁ%éecﬁln% is closed.- This invention also has for

an object to provide a ‘éﬂ%ﬁ‘f)&% SRR IR s AR dTer 1 de HRb B St th® Sregoing, and,
again, the descripﬁ'bFF%f"ﬁ%"lWﬁWéd?f the power circuit 22 but without making the structure
hyperstatic.

In the embodiment illustrated, the clastic elements 12 are divided into two
seis of three, the clements in each sef of three being spaced at angular intervals of

15 120° In the preferred embodiment, the elastic elements 12 apply a pushing foroe
of approximately 60 kg.

In the light of the above, when the cover is placed on the casing, the elastic
clements 12 push the electronic circuit 8 against the cover 2a hard emough to
guarantec pood heat exchange, while the portions 13 allow an optimum

15 connection to be maintained between the electronic circuit § itself and the stator
windings.

With reference to Figures 3 and 7, for powering the machine 1, the
invention contemuplates the provision of a terminal strip 27 protruding from the
cover Za through a suitable opening 28.

20 Tt should be noticed that at the opening 28, between the terminal strip 27
and the cover, there is an interposed gasket 29 that is pressed against the cover at
the cover 2a by the elastic elements 12, thus puaranteeing an effective sedl at the
terminal strip 27 when the machine 1 ig closed.

This invention also has for an object to provide a method for assembling the

25 machine ! as described in the foregoing, and, sgain, the description of it is Bmited
to the parts necessary to understand the invention.

The assembly method comprises the steps of preparing the casing 2, placing
the stator 3 with the windings 5, 6, 7 in the casing 2, placing the rotor 4 in the
casing 2, rotatably connecting it to the latter, and preparing the elastic elements 12

30 on the stator 3.

"The mounting element 21, with the electronic cireuit 8, is then placed on the
elastic elements 12 in such a way that each of the end portions 14 of the flexible
portions 13 is located at a respective tab 17.

It should be noticed that at this stage the elastic slements 12 keep the

35 ° elecironic circuit § at a distance “d” frow the stator 3, further away from the stator



to the parts necessary to understand the invention. The assembly method comprises the steps of
preparing the casing 2, placing the stator 3 with the windings 5, 6, 7 in the casing 2, placing the rotor 4
in the casing 2, rotatably conneeti g it to the latter, and preparing the elastic elements 12 300n the
stator 3.  the mounting element 21, with the electronic circuit 8, is then placed on the elastic

elements 12 i ANAY that each of the end portions 14 of the flexih) H@ns 13 is located at a
o
respective tab 17. It should be noticed that at this stage the ela%t‘?c e émsé{}r? s2 keep the

35electronic circuit 8 at a distance "d" from the statey 3, further away from the stator 9 than it is when
the motor is closed.  Thus, once the motor | is closed, the elastic elements 12 push the electronic
circuit 8 against the cover/heat sink with the required force.  The ends 14 of the windings are then
soldered to the respective tabs 17 to make an excellent, solid electrical contact between the two parts.
The next step is tolptagasthbeodvemdardndhedlectronic circuit S and fasten it to the casing 2. At this
stage, as mentioned abowes, iealasticielenenisd 2purbiibacirewiti nwardsthespyer 2a, while the

soldered flexible pgrtigng d3iallouw 1@ hemoved:HAiRwards shg.stator 3 without compromising the
electrical connection. _ 1Lhe Jearspiina poions make L ossible o compensate ggzembly
clearances" without creating stress on t e‘mﬁ?erla , a%ove all, at the SBF ers.
3 meke an excellent, solid electrical contact between the two parts. A

The next step is to place the cover 2a on the electronic circuit 8 and fasten it
to the casing 2.

At this stage, as mentioned above, the elastic elements 12 push the circuit 8
towards the cover 2a, while the soldered flexible portions 13 allow it to be moved

10 towards the stator 3 without compromising the electrical connection.

The leaf-spring portions make it possible to compensate assembly
“clearances” without creating stress on the material, above all, at the solders,

In practice, the motor can be assembled in the traditional manner untit
fitting the rotor and the related supports which are not described.

15 The elastic elements 12 are housed in the stator and when the eiectronic
circuit is inseried keep the latter clear of the stator 3 and casing 2.

Advantageously, the end portions 14 of the windings protrude from the
mounting element 21 through suilably located respective holes 30 where the
conductive tracks, on the side opposite the stator 3 with respect to the mounting

20 clement 21, ave provided with the above mentioned tabs 17 to which the ends of
the windings are soldered. &

The mesns 35 keep the end portions 14 in & position suitable for insertion
into the respective holes 30.

The mounting element 21 is preferably made of moulded plastic material

25 and the conductive tracks of the electronic circuit 8 are buzied in it, that is to say,
the conductive tracks are formed at the same time as the mounting element 21 is
moulded.

The invention has important advantages.

The ¢lastic elements and the leaf-spring portiens make the motor totally

30 dependable in terms of both heat absorplion and electrical connections.

Tke solufion is especially advantageous for sealed motors which, although
they have no openings giving access Inside, can be assembled in optimal manner.

The invention described above may be modified and adapted in several
ways without thereby departing from the scope of the inveniive concept, as

35 defined in the claims herein.




In practice, the motor can be assembled in the traditional manner until fitting the rotor and the related
supports which are not described. 15The elastic elements 12 are housed in the stator and when the
“electronic circuit is inserted keep the latter clear of the stator 3 and casing 2.  Advantageously, the

end portions 14 of the windings protrude from the mounting element 21 through suitably located
respective hol re the conductive tracks, on the side opposite the stator 3 with respect to the
mounting ZOe@%%%?ﬁ (§re provided with the above mentioned tabs 1 Fo%ﬂ?%fﬁsﬁqlel ends of the
windings are soldered.  The means 35 keep the gnd portions 14 in a position suitable for insertion
into the respective holes 30. The mounting element 21 is preferably made of moulded plastic material
25 and the conductive tracks of the electronic circuit 8 are buried in it, that is to say, the conductive :
tracks are folioed at the same time as the mounting element 21 is moulded. The invention has
important advantages. Miecelastid!glenignits dhntthedeahspringepobtitnsdiake:themotor totally
30dependable in teginseflpthbeat absorption and electrical connections. The solution is especially
advantageous for sealed motors which, although they have no openings giving access inside, can be
assembled in optimal manner. The invention described above may be modified and adapted in several:

ways without thereby departing from the scope of the inventive concept, as




35defined in the claims herein. 10  Moreover, all the details of the invention may be substituted by
technically equivalent elements, I' Claims 1. An electric machine comprising a casing; a stator fixed to
the casing and including at least one electrical winding; a rotor housed in the casing and rotatably
connected to the latter; an electronic circuit for powering the winding at least partly housed in the
casing; a cover for closing the casing to form with théllatter a sealed enclosure; a terminal strip,
accessible from outside the enclosure, for controlling the electronic circuit; a heat sink for absorbing
the heat produced, in particular, by the electronic &%ﬁﬂ?said heat sink being embodied preferably by
the cover; the machine being characterized in that it also comprises elastic mechanically and

electrically conngeting fneRRgRARIANNR REMGSIRG YRIAILAAIS CISUONARY Cilin afhe machine
according to claim 1, characterized in that the elastic conne tmgﬁr&eaﬁ]s comlfrlse agp urE#té/ of elastic
elements for pué’ﬁ‘?ﬁﬁl’tﬁ%aélééﬁio‘?ﬂ(? 81?88??5%?%8& HO'SIRGF R ph IS AT WA JS HEPNeat sink. 3.

The machine acooraiatpdoteldim Ritcharactéeitorhin thanihdatatow basgathiuralitfiog seagssor the elastic

elements. 4. Tf}%ﬁl;\@m{ﬂ@e@ﬁ@%@i%ﬁ%ﬁamr ehasraiapzad dhatithp stalonicampiisesa metal
portion at least pargy coated with an iso atilngitﬁortion,e th%%se?rtcs) Htl)eir&%fgénggg ien ék}&@gl (i)ng portion.
5. The machine & odrd?ﬁﬁ 6 Chairf ﬁe BHafacierized M ihiat thé Seafs are cone-s aped.” 6. The
machine accordiegtteléiegnths slestrentr sttetiter igahsnkh s shtodiasiisshentiangdutsidal the elastic

elements resting g ¢iRMNBiaiROtIRRor c i@ uhaskineaccoitingiie amboline feskgmngilaims from 1
to 6, characterizgd in {hat t%%“"‘%&ﬁ&é’%‘%&%”&%ﬁ@éz 8@8%%&&'%9%‘%%%&?éﬁ%ﬁ’&',ﬂd'”9’ the
ly associated with the winding at one ehd of the flexible

electronic circuit being In articular rigidly a : i
portion. 8. The MBEHINE Bbé?éiﬁbe%gﬂmeﬁ“&?ﬁ%&é?%‘é RPERAR L BT BB HRITEY a first atm

substantially trafdsyeksatdoiadeaupling direction along which the cover is applied to the casing to fon!,
the enclosure, the dir%téoqnggf@geinag@wgwgr Q)aralé%tolt’hq}ggg&gﬂ@@tigp altheLglegirig; machine.
connecting means comprise a plurality of elastic elements for pushing the
electronic circuit away from the stator, in particular towards the heat sink.
3. The machine according to claim 2, characterized in that the stator has a
plurality of seats for the elastic elements.
4. The machine according to claim 3, characterized in that the stator comprises
a metal portion at least partly coated with an isolating portion, the seats being
formed in the isolating portion.
5. The machine according to claim 4, characterized in that the seats are cone-
shaped.
6. The machine according to claim 4 or 5, characterized in that the seats are
substantially tubular, the elastic elements resting on the metal portion.
7. The machine according to any of the foregoing claims from 1 to 6,
characterized in that the elastic connecting means comprise a flexible portion of
the winding, the electronic circuit being in particular rigidly associated with the
winding at one end of the flexible portion.
8.  The machine according to claim 7, characterized in that the flexible portion
has a first arm substantially transversal to a coupling direction along which the
cover is applied to the casing to form the enclosure, the direction being in

particular parallel to the axis of rotation of the electric machine.



12 9. The machine according to claim 8, characterized in that the flexible portion has a second arm
substantially parallel to the coupling direction, the electronic circuit being in particular rigidly associated
with the winding at one end of the second arm. 10. The machine according to any of the foregoing
claims from 7 to 9, characterized in that it comprises means for keeping the flexible portions, in
particular the second arm in a position suitable for cdrnection with the electronic power circuit. 11.
The machine according to any of the foregoing claims from 1 to 10, characterized in that it comprises
an element for mounting the electronic circuit, the elastic pushing means operating in particular

between the stator anfhthg saRietindelement <132n Bhenmashing.acaarding darinRf thaitpregoing
claims from 1 to,11, characterized i%ttharﬁ.t e elecﬁ?ic %gcuit coﬁr%npriies ?éJovxgr c\rc%it. 13. The
machine accordii fb 5§75t thE 1t YOG ahifis Hom 118 12! nlralleriZel in th&tthe dgctronic
circuit comprisesizcsighalngrouipartiguithe gdlohiseosiatetdirighidhel aimnding, avan @B otlbgacterized in

that the power ciggidit@nghthe signal circuit are located on opposite sides of the mounting element. 15.

The machine ac%)rdit}%éonglaalﬂns 11 and. 12, %hargct%n}z% ir}that the nower c'%cuit gomopgses a

: .. d :
plurality of electronic power c%rlrﬁlﬁo%(é%% [oEated On the side 86%%031% tfié heat sink wit reSpect to the

mounting elemefharagerirsl nith dhnk dlta eBYRITES a3 105, esrpingtdhie ddeiH RISaPEREISWEY circuit
comprises at legsirooscohdyetvadteaak iton gorhraling tiiteclectaniesnoweridothpehentsmand buried in
the mounting el?ﬁ?&t'ai i he machine according to any of the foregoing claims from 12 to 16,
characterized in’that the heat sink, in particular the cover, has on the inside of it at least one

protuberance lodated SibBaRHAfy 2PIBEWEr IREURE 50, TS8P IRt hEWBnduivtracks. 18.
The machine accoudicigriocdlaimbb? jcharaeierized dethattitfcomprisesgatbiverivctiynoonttuctiye,

electrically insu.l-ﬁ;'tn%1@'&%@%&%@%&@%@%&@EQU' AN6he ReRecivePratberacenef the heat
sink. 13 19. A method for assembling an electric machine comprising the steps of: preparing a
casing; placing & SLRBP&RFAYast one winding in the casing: placing a rotor in the casing and
rotatably connedtihg it theatdine; mepdmsg an atectiohe deratoioe powiarindrare wirdird.in the

casing, the electpaiscairsidd hawiRoie-GRRIHIHRY BB SHIRRRCeSSHIR drammeautside the casing; closing
the casing with g Lov hto forn}wl.a sealed nclqsure th? %Eé/etr?constituting%rsl rticqflatr a]llneat sink for
Ircui a es [

) . a Omng cl ‘ .
the electronic circuit; t eerﬁ%%ﬁo}aebéaﬁ?é)rc Yarac erl% in that'i rggrﬁrﬁ%s%s %IB of providing elastic

mechanically anehaTaeigiszah/iedhbdbe Sl rioaHs HssibfgBERiceramd stidd-and the electronic circuit
to press the eleationid ki aiiicagringictheisgver dnahio Enalieathe HechanigLivedittiodhe meved closer

to the stator Wh%%‘%? ERVGRE %‘d"‘ﬂ?ee gi‘gnal circuit are located on opposite sides of the mounting
element. |
15.  The machine according to claims 11 and 12, characterized in that the power
circuit comprises a plurality of electronic power components located on the side
opposite the heat sink with respect to the mounting element.
16. The machine according to claim 15, characterized in that the power circuit
comprises at least one conductive track for connecting the electronic power
components and buried in the mounting element.
17. The machine according to any of the foregoing claims from 12 to 16,
characterized in that the heat sink, in particular the cover, has on the inside of it at
least one protuberance located substantially at the power circuit and, in particular,
at the conductive tracks.
18. The machine according to claim 17, characterized in that it comprises a
thermally conductive, electrically insulating element between the power circuit

and the respective protuberance of the heat sink.



20. The method according to claim 19, characterized in that it comprises the step of rigidly connecting
the electronic circuit to the winding, in particular by soldering. 21. The method according to claim 20,
characterized in that the step of providing elastic connecting means comprises the step of placing
elastic elements between the stator and the electronic circuit. 22. The method according to claim 21,
characterized in that the step of providing elastic cor?n?’ectlng means comprises the step of preparing
the winding in such a way that it is has a flexible portion where the rigid connection with the electronic
circuit is made and which can move towards the stator when the cover is closed. 23. The method

according to claify, 22A¢H?éﬁ%@rf6€da§§eﬁh€h %péléﬁﬁéhﬁzm%sééﬁfﬁp‘f{ dé %905%&%“519 the
electronic circuit on the elastic ele ents r| tln fJoartl ular S erlnﬁ erX|bIe portion

of the winding t&’ 3 re<pe&ive ' tth P wcw?a S AT TR A e?é%%ronlc circuit
and closing the saxity, thet@aéﬁ@i@eﬁ@n@@t@%@n@tﬁ@@égtrﬁm@ éh@uﬁ@fé@alﬁﬁ@ﬁh@n@o@ér, the

flexible portion coattiBRtingiteuiavingotherplgctioniatirsritiowardsing skatelectronic circuit
having a control terminal strip accessible from outside the casing; closing the
casing with a cover to form a sealed enclosure, the cover constituting, in
particular, a heat sink for the electronic circuit; the method being characterized in
that it comprises the step of providing elastic mechanically and electrically
connecting means operating between the stator and the electronic circuit to press
the electronic circuit against the cover and to enable the electronic circuit to be
moved closer to the stator when the cover is closed.
20. The method according to claim 19, characterized in that it comprises the step
of rigidly connecting the electronic circuit to the winding, in particular by
soldering.
21.  The method according to claim 20, characterized in that the step of
providing elastic connecting means comprises the step of placing elastic clements
between the stator and the electronic circuit.
22. The method according to claim 21, characterized in that the step of providing
elastic connecting means comprises the step of preparing the winding in such a
way that it is has a flexible portion where the rigid connection with the electronic
circuit is made and which can move towards the stator when the cover is closed.
23. The method according to claim 22, characterized in that it comprises the
successive steps of positioning the electronic circuit on the elastic elements,
rigidly connecting, in particular soldering, the flexible portion of the winding to a
respective tab in the electronic circuit, positioning the cover on the electronic
circuit and closing the casing, the elastic elements pressing the electronic circuit
against the cover, the flexible portion contributing to moving the electronic circuit
towards the stator.



