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PCT/ US99/ 14753 This invention relates generally to electric notors and nore
particularly, to an endshield assenbly for an electric notor. Known

el ect roni cal Wy o608t at ed notors have a nulti-stage w ndi npcossendrsy and a
magneti c assenbly associated for relative rotation. The w ndi ng stages of
the nulti-stage w nding assenbly have a preset energization sequence that

i ncl udes at | east one unenergi zed wi nding stage in which an induced back
EMF appears. Wen i nt egrOIORENDSHIEED ASSEMBISUBORIAN ned _val ue, the

i nduced back EMF indicates the instant at which the relative angul ar

posi tion between the MELEGTRONICALY OPMMIAAIBED MOIOke nagnetic assenbly
is suitable for the sequential 1o comutation of the next w nding stage.
The electronic.circuitry for an electronically commutated notor generally

i ncl udes a PAEKGBOUND OF BHE ENVENTION circuit, and a control circuit. The
power circuit has solid state switching devices for comrutati ng the power
supplied to the j t t . rgization.
The regul ating Cﬁp@ﬁiﬁ&@@?ﬁe&t%\}%ﬁl 0 sl%seo }rﬁ@grtsgﬂ%g{%%ﬁ%ﬂ% sasrpg:&?

mai nt ai ni ng anteadshisld assamisip foremh dieptricheotet.ect r oni cal | y conmut at ed not or
generally constant. The control circuit has various solid state conmponents
for controlling vt j ' evi Sone of the
solid state corrpﬁ‘g‘r“{ﬁ gﬁfd’ {g!)(r%%‘xl&é%;ecBF%%?%%%%@O%Fa%{éégq‘?rr%?lgg, e.g.)

transi st or s)asseardy dmd dagnetiaddsembly atsacigred fav rélativemmdend. eThwindingr ent s t hat
nmust 20 _pass thré)fugh tpem Large tran iiltors can praduce a si zaEI e anount
of heat >t hatS8fibef| te BRHTIRES WACIBE *FFBRY TAE & P PRAGFNO! CBIEREME o keep

t hem funct i apélindes Bt REL bhe/unehérgized Waldingksti@éin Which AR irlbéedtdagk EME pronot e heat
di ssipation, the electronic circuitry for an electronically comutated

nmot or can beappenss. 1 Whae integagtedbever timg 1o 8 predeteiminedovalu, thegndoed backca G+ 19
December  20Gani6) RO W thsthiir ot WRRA He‘%ﬁﬁ%éjéngﬁﬂ%g&ﬂforﬂ'b kR el i 1Ot O -
However) thi's'iIncreases coSts since another “conpartment 1S needéd to
protect the sedgestinding assemblg and thy magnatio mskemblyyis suitabladod tte bejueteial r abl e t o
provide a mounting. arrangenent for the el ectronic conponents of an
el'ect r dfli cal GO B togﬂﬁe WigHing S88€- ¢ ovi des good 5 heat di ssi pation

Wi thout significantly increasing the cost of the notor. Additionally,

The electronic.circuitry for an electronically commutated motor generally

includes a power circuit, a regulating circuit, and a control circuit. The power
circuit has solid state switching devices for commutating the power supplied to the
electronically commutated motor to effect its energization. The regulating circuit

15 has various solid state components for maintaining the power supplied to the
electronically commutated motor generally constant. The control circuit has various

solid state components for controlling the conductivity of the switching devices.

Some of the solid state components for an electronically commutated motor,
e.g., transistors, need to be relatively large to accommodate the currents that must
20 pass through them. Large transistors can produce a sizable amount of heat that
should be dissipated from the transistors in order to keep them functioning properly.
It is well known in the art that to promote heat dissipation, the electronic circuitry
for an electronically commutated motor can be positioned adjacent an outer surface
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it would be desirable to elimnate the additional corrparﬁ\’;éﬁé? ee%gzto
protect the electronic circuitry. BRIEF SUMVARY OF THE |

El ectronically commutated notors are well known, such as the notor
described in U S. Patent No. 5,006, 744) which patent is assigned to the
present |0 aweipgn@sh and hereby incorporated herein, in itspcangsoyetrss, by
reference. In an exenplary enbodi nent of the invention, a notor endshield
assenbly for an electronically comutated notor includes an endshield

havi ng an inner surface and an outer surface, wth the outer surface

i ncl udi ng a ophi'emdshied dTfthe’ M6BF S BwEVenSthiis ThReaRetohis Sinte AflRAbI y according to
one enbodi nent of the present invention 15 includes a control assenbly and
a power ass&AMPartmeN i regdede peatest thetgdecreie EwFUiESsenbl y i ncl udes a control
board having a plurality of power transistors. The internal surface of the
endshi el d i ncl udﬁ%c&d&gmh%mé désitdbh to'pRoviRch Mb@Rink ARthngdefhehf¥ofONt act with
the control assenbly and serves as a heatsink for the power transistors.
The transi sty decopicicamponrentscaf apjeleptrenicale coramuigted materdhd proyadesgerd t he
transi stors . e I I [ sul at es

t he traPr’m sthgélghég)? Mslwﬁ:pﬂ k’g'%'g%nt]}-hea%agﬁ ég?hcto yg@a’ﬁ%&t%% %/“a"?

endshi el d. Theould bedestrdbit tmelimingte kimcadditidnal icomparinyenaherded tolprotset ibiset anti ally
flat raised portion on the endshield and assist the dissipation of heat
fromthe tré%ﬁﬁr%’%‘?)%c“é% endshi el d to the anbi ent environnment. The power
assenbly includes a power board having an insul ator positioned 2s between

t he power b@GRIHFSUMMARY OFTHE INVENTIOM first spacer extends between the 2
19 Decenber 2002 WO 00/ 01054 PCT/ US99/ 14753 control board and the power

board to provide_the n thereb en. A,plurality of clanp bars
are al so positi oﬁ‘&&t ﬁ‘gf%& mf’ﬁ'ga dﬂ%?‘s%"a}”@ Eeodvr{’ ﬁ‘é"htatsgl?‘f’srf'g {y)r The cl anp

bars apply peesised i US. memtmcarssmmmswmdpkteﬁns hdsignéd @MRe press i n contact

with the substantially flat raised portion of the endshield. The first

spacer 18 andsﬁlmdép‘bhﬁf"‘k}’aﬁn@r@%’@@ﬁ(ﬂm{e% HFulhentiFety | Bygefesanss-. A second spacer
extends between the control board and the endshield to provide the proper

spaci ng t her ebet yegexehiplafEmBotaéht GBHe invRaAGdh, A M6 dnbishidid ads@hbly NCl udes a
plurality of |eads that extend substantially parallel to the control board.

The | eads expt anelgatiopically epsmpstatedmotor incliides &y endshigld hadng avimnethat i s cl oser
to a bott Omsﬁxffaéeflﬁd ta{x} A0t SulrfEe, WA tnE But \AE:I {ugﬂ%%lgaﬁmhg&:pﬁ{t?ﬂ% of 13estdg@nsi st or

is in contact wt e control’ board top o transi st or
i ncl udes a tfens. ﬂhabn@htemrwsmfhﬂ)omcardmgdk og¢ ehebalimeri of m:@rﬁsemmmentpmr allel to

h | d b ds bl |
ooy Dhrot fReEn oot atsPRpR N & sERECH Ry FRARE Beteed B Gt 3"\ i

‘the notor haegmby: intlddes a control board having a plurality of power transistors. The
internal surface of the endshield includes a substantially flat raised area that is in
contact with the control assembly and serves as a heatsink for the power transistors.
The transistors are in contact with a thermal pad located between the transistors and

20 the endshield. The thermal pad electrically insulates the transistors yet still conducts
heat from the transistors to the endshield. The recessed fins are located directly
above the substantially flat raised portion on the endshield and assist the dissipation

of heat from the transistors and endshield to the ambient environment,

The power assembly includes a power board having an insulator positioned

25 between the power board and the control board. A first spacer extends ‘between the

2



1s addition, use of the endshield as a | ow i npedance pat eg"@ |28§.2e heat
fromthe power devices of the internal electronic circui % nbi ent
envi ronnment provi des good thermal performance for the m)tor. Al so, since
the transistor |leads are parallel to and away fromthe control board, the

| engt hs of twe@odagsds are nuch closer to the surface of thechassskstshan in
many known control assenblies. The | eads 20 are thus easy to encapsul ate
and protect from harsh external environments. BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is an expl oded view of an endshield assenbly in

accordance Yirudl B6ked SRBE ipBREY boatd :bhﬁo\ﬁdeetﬁegiopemmﬁg MBrebdrivedl, €A2 IS a
perspective view of the endshield shown in Figure Figure 3 is a cross

section of phealishefstlarp barswo|msnnp@fdrbeu@eaﬂ@rpgwmlzoarc!zand th® Decenber 2002
WO 001 01054 9 [ S5 of the

t her mal padtrs séﬁl%@l %L%CIA%F%JJ? 9{;‘5@ "aéSJr?JFogth EJ|gs a %g delLSIe e’ tﬁtﬂ l&B{sr ation of
t he i nsul at orcontactmith meEul@tuneallly ﬂdbﬂmduﬁﬂndﬁffﬁ;ﬂﬁl cdAdshiaid. GFhéI' filkst $pEENT| ON
Figure 1 is an expl oded VI hield assenbly 100 for an

Gl Sct o caRid e Sl eareat aspudiint Mefann) A Satpie gt e o0

i ncl udes ant cBAEEMofdthnd @) endstidd o Stovias &R HRdps rél;ﬁéﬂa%aﬁebbameﬁver_ assenbly
106. Control assenbly 102 includes a control board 108, a plurality of

transistors 110, a therngl pad 112, and a spacer 114. |In one enbodi nent,
spacer 114 is fa‘?rqnééﬂ’éﬂd‘F‘F%FWIPBWeéﬁﬂ’s\éWé‘?? es%PEAIFY ofdfads 13t hoar d 108

and endshi eleﬂeﬂ@s%bstﬁ&ﬁﬁf paraflét t&'&leléén&d? bORU N t1RE meaas BLEIRLR s REthesePar ati on
di st ance between control board 108 and ~o endshield 102. Transistors 110

i ncl ude a f tramsistoraga pbsiticn thatds clpsqm ta 2 bottase of bertravsistordhan tg attefy Thes, Tab 124

extends, fro S that is an
extens?oon opz’ tpog?é’@‘éggﬁ{)mgr IQF] éoﬁ g‘r‘g%‘f‘i‘?ﬁg’?}p"t‘g@??&"ﬁ‘ﬁg%%‘%“l‘ﬁgr ality of

| eads 128 ewhmsistbriinchndes boatt thitleGiteads frommadack side dfitbe tramsistonpamiitladileent , | eads
128 extend 15 s H ntially parallel to control board 108 and maintain a
subst anti al F?P??g nt separation di stance between thensel ves and control
board 108. Since |eads 128 extend fromfront 116 in a location that is

cl oser to controWithahe sbo¥ddestiilied endshielpasiéihbly, edytionelcothparwredtiis r el at i vel y

close to control hoard 108 t hrou hout their |en a s separation
di st ance exFepized,Hincsthe elecironpic cppigols Afs 1 Wr%‘@‘%%ﬂ@‘%@xs‘% H%e snal |

separ ajd on gaffic) ase &F thO¥RIsKHOND 285 T 1@6&@5&@%&1% Gﬁﬁgityhﬁﬂﬁﬁﬂstﬁé ate | eads
128 which helps to protect them from amage i n harsh environnents. The

encapsul at i ppwestdeyigesief theoBterral eleptropieeiruistieithepnbient epvdronmgiised by noi sture

|0 e ar eanalidlh SoRLER atormdde ISRE ol Koot Sled B BafigRbyolas D9r d 108 )

| eads 128 nh or e O t1ans) 19 Decenber
2002 WO 001 ertQfaralie]l to and away from the contro] board, the lengths of the leads are much

closer to the surface of the board than in many known control assemblies. The leads

20 are thus easy to encapsulate and protect from harsh external environments.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded view of an endshield assembly in accordance with

one embodiment of the present invention;
Figure 2 is a perspective view of the endshield shown in Figure 1;

Figure 3 is a cross section of the endshield shown in Figure 2 along A-A;



PCTI US99I 14753 Transi stors 110 are capabl e of producing signifl eat
depéendi ng on the anount of current that flows through thg%ggé%@&ﬁggpgshould
be dissipated fromthe transistors and the surrounding notor in order to
ensure proper operation of the nmotor. In one enbodinent) top 120 of each
transi stor L{8oebs0ssn thermal contact with 5 thermal pad llgtraseeiasl pad
112 electrically isolates transistors 110 and conducts the heat generated
by transistors 110 away fromtransistors 110. Thermal pad 112 contacts
endshi el d 102 which includes an inner surface (not shown) and an outer
surface 130 that Flpafe fish sehdhdtic MnRiratiCFIEESHernial padlshdwn i PR BER@diI ment)
endshield 102 is fabricated fromcast alum num and serves a heatsink for
transistors 110. _The 1o inner surface of endshi;hg 102 jncludes a
substantial |y fl Kigures Sagchumatic diinstrain of thyjrsulat O%&F%ﬁﬁfq bily flat

rai sed portion is in thermal contact with thermal pad 112 and is | ocated

di rectly benset AT EecPESCRIPTION GBTHE INVENTIONDOdI nent) recessed fins 132
extend fromthe substantially flat raised portion. The heat from

transistors 110 travel s through therpal dl12 to e hield 102 and is

di ssi pated from %@'Fee’cEs"é‘édplf’g‘?ﬁ’s"‘ﬂ"gstl‘bc‘%aﬂelgﬁi?ﬁ@ﬁ]@' @ﬂ? T¥hnent . Endshi el d
102 serves %&c&omgﬁg coinfHatdd hée@bsinewn). 1BRIsRBR RRhidbly 100 idiiadspat e heat
fromtransistors 110 to the anbient environnent. This "heat dissipation

hel ps r&ducendshields 1029 A comteal gssemblysi04.1 and amoven psserably 961 Gontiedr i ncl udes a

cap plug openi . 4.1l i el re detail
bel ow 20 pansh oyt el aGaR bl 108 Al or dinih a5 130 Eunkbhal
conponent s p4d 112 anpacpacerlid, Ia opt embddiment pfpacdr & i isfabricated 4jonanylomn

pover boar d SP8MEH vEvEee Forta) Pophy Hid sndeaeensid JEC NeERF 108 EPER board 10
from porti ongaifthinRPi&ietepamed schaftiodRisGfide befiveen B6ntfol B6drd hes andl44 ext end
bet ween control board 108 and power board 138. 25 Spacer 142 and clanp bars

144 fadPlit £ndshield H2ai ni ng a predet erni ned di stance between power board 142
and control board 108. Spacer 142 and clanp bars 144 extend through

i nsul ator 146 angrakigiotd 10QRREL f#brt 1160 Pabk £ tdP120DBG ok 1838 asid?sl POVier
board 138. In one embodi nent, spacer 142 is fabricated fromnylon. 5 19

Decenber 2003b 138. (Tab024 ButemisTransbark 148 ol transistass bl andhas a gurdacpda6 t i oned on
an opposite sjide. o r 4 ] LQN{~; C 0 and are
PP it §E thé_%‘;;’l‘éﬁof hag ﬁ%g%%aﬁ}néﬁ)gﬁ%ﬁﬁe‘?g;, ttér?d‘iib. A’girﬁgﬁg%ﬁe

| ocat ed between eléectroni¢ co an ansi st anp bars
144 apply prie8sxiesd fromtfroaniGdfaransidtdnl 100 larse embalinaudleadsel2Bektendit er f ace

between transistars 11 nd endshiel d4.102. s Figure 2.i.s a perspective view
of enddhi el duﬁsgagga@n%ﬁpg}oacomgl O ﬁ)gé‘ggg’a%’f? S‘b"ﬁ?ﬂi‘ﬂ@ cfﬁgaq‘or a rotor
bear i ng ( notsesafion distdnBe BetRecnhdikcIvesand couir6lrboatd f08C SidcdQeadb 121dshi el d 102
i ncludes a raised cylinder 150 that projects fromendshield 102 and

O

surrounds of&tsnd fromafgont LI inlogasiop thak fs cleser tocoptzr]dbeard 108 hamitg kP i ng (not

shown) nount rei i { n&otit y Of bol t
openi ngs 1521;96’Blr(‘;i;ht‘:s 12%2?1’?%?&{%@%;%8%&%&?%# {abr?égﬁlﬁglllﬁt %g %{%glt't hr ough

bolts (not <Prdywapmall eparation distdndelexiststtietveeay teadsHl38oand consrad hard[1688.102 to t he

shel | an el onical |l y. co at r.(.n hown) . | ug openi ng
T34, addexp e el strlon o BTAcFh EEnBL orR by 9T Hany ™ Bty Cbcess’to
i Int ernal corpewhidhshel(ps @ proRoyhgm dioim du;na‘gﬁmahartleatvimgnaim Tid i brati ﬁn. Cap

pl ug opening 134 perm ts access to 1 s the jinternal conmponents w thout
having to réfH é“lg‘mé’rfil"éfiﬂ %é‘?“’@?ﬁ ’?ﬂ“&’@g?%%‘“(sﬁ@{seéhbm‘weF'I@Elre 2) covers
cap plug operéatst highpoteédti! AfcSinberd IBR1s1198 $id Bnt@PHRUPD $0Y, Seads 128 must

be formed at right angles to transistor 110.




Figure 3 is a cross-section view of endshield 102 and il} aﬁggﬂggzlnner
surface 154 that includes a substantially flat raised por Ion I sed
portion 156 20 is located directly beneath recessed fins 132 and is a
conponent of a thermal pathway between transistors 110 (not shown in Figure
3) and receswodobiors 132. Recessed fins 132 extend from r apcrosopos7s3 on 154
to increase the surface area of outer surface 130 which facilitates the

di ssi pation of heat from endshield 102. Raised cylinder 150 and bolt
opening 152 are also illustrated in Figure 3. 25 Figure 4 is a schematic

ilustration of trhgisi¥Rrs PAXard tdpablelof roduéin® Sighifiedikt heat O€efiBing pathel12
I ncl udes angl ed sides to permt increased contact with a portlon of 6 19

Decenber 200Amopns Qfmuuswaatmwswggawws Thp beatshauig beodissippénd fsaths i n Fi gure
4) . Thernal gils_ﬂ)i]szanﬁ e LPRUABES hidRT llil‘él% t‘a eﬂﬁlr@*n%ﬁ%p@rahgﬁf)mk pad 112 to

t he endshiel gure 'S a schematic | | ustrat I nsul ator 146.
| nsul at or 14tﬁotpnclnmxesmbmimpe opn RO ofewrttmnastghllmlsmhtmmcmm with44 ( not

hape ad arbepaChdTiRe ooy PR 3 Aisickty Jofuc ARG 14D 554 RURNATT, 1o

al so i ncl udefe Beas BérdetataBniraigistoss’1 m“ﬁygfbnwiarﬁhtoas Bh‘(l)af'l"he('mﬂtpa& hoan) of the
el ectronically commut at ed not ormaﬁt ends. Insylator 146 is fabricated from

myl ar and preowags sndshieid 102avhigh inghidesandprer srface (908 showm) apd 20 oSN at or 146

al so i ncl udeg,@eeSPRAGHRAL hQP§ iu'PzG d}@f“re&é@ie@%@ 1991 florRRABBEIneR:, bdshie0 Shown
in Figure 5) extends. Ends assenbly 100 includes a thermal pat hway

that al | ows Kads fabricases ﬂomsaqjatuerdnm and aerh@s a eassinko for transisters A1®| Theissenbl y

100, to,.the v cont rol
asserrb?lf} 104»’%2%59& 0? é‘i’@@m& IE%EA? Elgs gﬁ‘l’"cyp@att\?\%m% pﬁﬂfoﬁéﬁl nterior of the
el ectroni cal dhywﬁprmnet@baﬁhtmy flat raisetdsporgdon IEhm thefima comhce Withrthgemaceae nt
elimnates t need for rate co t to house the electronic
control s of ﬂﬁé‘“ 18Fat da‘ﬁﬂ’cgggﬂe? é?cégbp 3 %glnfoéBFT"E%&‘F‘SW E5S5 of the
motor. In a%stllsg@xtehmﬁoﬁrm@mba&hm%,@fat iah-ed pérBib®I ThOheat BBfSrapRablses t he

| eads to be encapsul ated and protected frompotentially harsh environnental

condi ti ons. Mgitrayels Hwoughthermabpadid2 t@é@fhhld@sl@ﬂlab‘bl} dissipated f#©MHf vari ous
speci fig 20 EE%&‘&'fm | §to %;Q?xﬁm%ﬁﬁé(ér{yir ERGnR 4]105' Jech§ Escé)ﬂéllk &fi that the

i nvention can be prac | cat’ion WI and scope of
the clains. té transliﬂoﬂ@elde Iainiahelﬁs[)lﬁmls@pﬁtb iheat $rom transistors 110 to the ambient

environment. This heat dissipation helps reduce stress on transistors 110.

Endshield 102 further includes a cap plug opening 134 and a cap plug 136 as will be

discussed in more detail below.

20 Power assembly 106 includes a power board 138, electronic components
140, a spacer 142, a plurality of clamp bars 144, and an insulator 146. Insulator
146 is positioned between control board 108 and power board 138 and electrically
insulates portions of control board 108 from portions of power board 138. Spacer
142 and clamp bars 144 extend between control board 108 and power board 138.

25 Spacer 142 and clamp bars 144 facilitate maintaining a predetermined distance
between power board 142 and control board 108. Spacer 142 and clamp bars 144
extend through insulator 146 and are in contact with both control board 108 and

power board 138. In one embodiment, spacer 142 is fabricated from nylon.



. A notor endshield assenbly conprising: an endshield cmg%p& oout er
surface and an inner surface) said outer surface Iricluding a plurality of
fins; a control assenbly in contact with said inner surface; and 5 a power
assenbly Connected to said control assenbly. 2 A notor endshield assenbly
i n accor dancwowdbtos4l ai m 1 wherein said i nner surface furtihEmusogmsi ses a
substantially flat raised area for contacting Said control assenbly. 3. A
not or endshi el d assenbly in accordance with Claim1l wherein said 1o control
assenbly conprises a control board and a plurality of power transistors
connected to sai Clanmbarell4daapdsitiched An aboppose sidddfpoved bsard 1B froms
accordance with ¢l aim3 wherein, said c&gtrol ssenbl‘%/) further, conprises a

t hermal pad %rﬂ}é‘éﬁo’gﬁ?“&mﬁdﬁgfmdﬁ PaIRSPIEE BrtYcehHedianty COmBSRAnt: 140 ag%li d ther mal
pad for tr art%saﬁtatsrlqloh@&gﬁ baS Sphhry ﬁx@ﬁﬁife%ngth‘hsi%@rd Aosakmufiigdyael d and

for electrically isolating said transittors 5. A nmotor endshield assenbly
i n accor dandcherwiat intefface batweentteansistarsd 0 and eriishield| 192i s confi gored as a
heat sink. 6. A notor endshield assenbly in accordance with Claim 3 wherein
each said pover tgansk BRVel v offeriabiittia 13, Y ERdshleRPAlR inGadel aSai d | ead
extendi ng zo subst%ﬁt?ﬁf@er ar alel e ?o sal?cl controls lg'oar d.m7. Aarmt or
endshi el d asshefrbpepingnl48dena theardeaniig (notGhawn). slnvne embedimeantd owteransi st or s

conprise a top. surnface . om.sur fac . n . said bottom 8
19 Decenber Sﬂﬁﬁcfughrqggg‘ggggﬁozd@hﬁ%s gg?l%dccgﬂﬁ)(fegIlis%gigérj}%f?ﬁétg?lgmcab ext endi ng
from sai d baaHshdl®NR sl sirroadils SpefigC BI8. Raised Ryiider 15Midelidesladesiichenbl y i s
accordance with Claim7 wherein said power transistor further includes a

front, said TingH@eat s@?W&fHWWﬁP@'&?‘d Endgipgld 192 Guthgr iﬁ&\%"rs aplultyof Belt. 5t 4
positiqg cl %@ﬁig%s?h%@'ﬁblt%ﬂe;hﬁiﬂﬁ 59T KRARE HrRR dnlshiedd 02 £ RSLER6Ss 9 A notor

endshield in ac nce w't aim$ wherein said tabs conprise netal, said
t abs cont act(net shoen)aé insertedhérethrougloto meunt gndaitieldr 102 1o thetsbelt ofm t 0 sai d

opasnl e 0 My B or AL, P T RN, e FERIRRERM Byl

wherein sai & Fecess ns ex rom sai rai sed area
11. A not aboes)@ziehds throagls eddshibld Y 02 andslibwwsdiacesetovinteinalampondntd @ot her

conprtsing a,ca | ug .openi hg ext endi.n rough said erldshield and a cap
pl ug ctweri rf&o‘gg); fglf’é‘gﬁm& ‘ﬁﬁmgﬂﬁ‘ﬁffﬁ'&aupg. Eg\pﬁj(;'g@?e‘ﬁ?ﬁﬁ:ﬁi RETRUSEERH I y i n
accor dance Whé thtdphaicBinponth6 MathButdfavilg €5 festfohé ehdéhieldr 10D € ICap PIGY 136€, Q _
alum num 13. A notor_endshield assenbly in accordance wth CLaim 3 wherein
sai d power d@eleshonnin Fighisrd) severscapilieg onsaiae d 34 protet theitaretlor posi ti oned
bet ween sai d,,pouer & x~ard and said eotttrol board. 14. A notor endshield
assenbly in ac ordance with Gaiml3 further conprising: a first spacer
extendi ng between said control board and said power assenbly; a plurality
of clanp bars pvdligureBdda eressnisetipnsdgvd opendstield 492 ad lustratesaniinpepower

Lransi STor's, oSl nchRRE £ burAflia e FQHPoRRAT 56X RERAH Pib U sai d

i nsul ator; an
20 is located directly beneath recessed fins 132 and is a component of a thermal

pathway between transistors 110 (not shown in Figure 3) and recessed fins 132,
Recessed fins 132 extend from raised portion 154 to increase the surface area of
outer surface 130 which facilitates the dissipation of heat from endshield 102.

Raised cylinder 150 and bolt opening 152 are also illustrated in Figure 3.

25 Figure 4 is a schematic illustration of thermal pad 112. In one embodiment,

thermal pad 112 includes angled sides to permit increased contact with a portion of



19 Decenber 2002 ' a second spacer extendi ng between sai rd and
said endshicld. 15. A notor endshield assenbly in accordg%cggeém&te%righgi m 1
wherein said endshicld t'urtlier conprises a plurality of bolt openings

t hat extend through said cndshield for receiving a through bolt. 5 16. A
not or endshi wlothobmss an el ectroni cal ly commut ated notor, sapcreswadmse! d
conprising: a shaft opening configured to receive a notor shaft; an
internal surface conprising a substantially flat raised area; and an
external surface conprising a plurality of recessed fins and a raised 10
cylindrical ¢aEHiélonos kot showdi inFiguaé 4). OPiRRmAicpad 172 héd tWolopénigg3dsBitel d i n
accordance with aimlb wherein said ~cccsscd Cans extend from said

subst ant i al | BFR sesyrethgrmalpad gt the engshield. npt or endshie; 1d in accordance
with Claim116 furthCr conprising a cap plug opening extending through said

endshield. is 19-Fiéi;r8‘sti§)£ seein@gdiliadtehtion ofmEAERNGE Mbldiord48iindludes f ur t her
conprising a plurality of recessed openi ngs extendi ng through said

endshi el d, eaxerppsaings 169 heoyghwhish slapyy tresy 144 dpatishowiyinFigwe Suerendol t . 20. A
t dshi 1 i j hO.:Sal hield fut'th
conpr i sas- a Shit86 ¥ ARGk el thabd P BE SolBN f BBEST, 0 T 1T

met hod of asmexiniiyrntg eschnohenr Imsnbiginildé disaebuded a/shafiopeningl abrooph eal i y

cornnutated nptor), t tor. endshi el d. assenbly includin control

assenmbly, a ng'\ﬁ’éf’ S%Q@%%Y"%ﬁ%%ﬁ“&?&?ﬁaﬁ%?ﬂ"ﬁ?tﬁgBWP‘%T ﬁﬁ‘gP‘%smface and an

outer surfacksulsat 46 FAbeidated bl rfiylidank peovides pEthhérmdland eldRtridarenmber 2002

WD 00/ 010S4 PCT/ US99/ 14753 positioning the control assenbly in contact with

the inner suidfHaiongfingulptorcldgalsp dpcipdes,d gpaceapening Aét thrugh hésh spasenbl y to

the confyr ol ﬁ%s(ﬂ%}fwn%?}?i ﬁte@%tegeﬂdsi. n accordance with Caim 21 wherein the
Iy g e

control asse s 1ncludes a'thermal pad and a control board with power

transi stors connected thereto, said step of positioni n?q‘%urt her conpri si ng
the steps of: podindplielf assembly [98.ircludes a fhermal pathwap thahalfows heatdpbect with the

t hermal pad; y:.a% =Tl . %F@‘g i j hield. 1o
23. A net hoddll é@c%gﬁéé@ﬁ?l{ﬁ% ale}rﬁp %g“’m’é?g‘?ﬁ@tﬁﬁé‘mé’% tsgﬁgrlogﬁgﬁher
sur f ace i ncl Thie theema pathivay enablds coiittal assemblycld4 pod povear assambilyt 106 tebelshi el d

outer surface incl.udes a .plural,t f recessed fins, the recessed fins
ext endi ng fr@ﬂﬁea H"ég’ﬂréﬁlg é'agrboer?fl%?rﬁYecg’S?"&ﬁ&ecPﬂ’Bﬁna&d rBWg{;F‘H‘@th Sher mal pad
conpri sisng tierist plRceenPblafinitss thb eddTer MBdpafibohipaMbnitas howst tHe t he

substantially flat raised portion of the endshield such ~5 that the power
transi st ors @sdronis copEplsaf the metere and fagilitates geduging fabeigationgasts pfhbe ei n a

thermal pat g ﬁ{edﬁi({n%ﬂ ok en@i IR FanBedt lé&&éﬂaiilgﬁth%ﬁ%gfkg&go{ﬁ to the

recessed fins and t 0 the anbient environnent.
accor dance vgncaps@ated and progisteddiam potentigbwbarsinenvinohinentalieonditens. an i nsul at or,
a plurality of clanp bars, a spacer, and a power board, and

While the invention has been described in terms of various specific
20 embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.



20 wherein said step of connecting the power assenbly 19DehembenzQ03|
assenbly conprises the step of placing the power assenbly in contact with
the control board. 25. A method in accordance with Caim 24 wherein said
met hod further includes the step of positioning the clanp bars to apply
pressure to the transistors to enhance the thermal contact between the
transi stors and the recessed fins of the 2s endshield. 11

CA? Ay, A@ Ay. A A A As. A& A Ayl =] yE&P?6(z" |

B7| vpkfa\ W ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
]ca] ca]ca] ca] ca]caU]ca]calca]lcalcalcal7 S  3-.kp; T

. 4C{ vql gb] X] ]@?Lﬁfd.ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] caJcaj ca] ca] ca] ca] ca] ca] ca! -t -VvddJID7

RIWh!t!~ytoje Z qb] X]] Ul ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca WV] cal] caUlea] caour cedshislf cupmbly ceqeriiiugal ca t!!!

Q" H#ASSEWNRI T (C)))) *. ¥ ?*KF Z*** Gr++-a-. . E/ Q / zupkfal\ W ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cal] cahkrfsfiicia coragrising aa poer] safioeahd @) iase} qafacq sdidpmeq ca] ca) cal cal ¢

alU] cal // C0~11! 28&272C2R2223k 3345055

6ZU]667U77778~8%‘é§%:‘§§2'§§?2&ﬂ %BT%fgg‘]ﬂba] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca! u99y:;

@<s=>>$>>>! 2y ?2?" @-GHE ANEBERRCCTED BBNEHLE jneedacE] 4fica] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
PEBFF>GHHL | LTI, Jaddtsikdsdsiably connected to said control assembly.

LAMVIN2Nv NNCk OOPYPgPj P{vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca

| cal cal cal cal cal cg] cal gtk abliai Gakia) Gleabsnl 6ol ERhE Wil ag10% & (-1

10% & () - 10% @ngrjsugR:e Birghes ¢ompyieE & @8ls@hta)ly ArtFiOagea (r-PRIPKSAS10% & () - f S#Hm
10% & ()-! zlog@n%l(a)sgc}@@% & ()-f10% & ()-S10% & ()-S10% & ()-?6(zi K-0Z10% &
O)-f,/10% & ()--MO% & () -f

+10% & ()-f)MLO% & ()-(L10% & Ej)-fy&SIO%&' ().-z J . .qcUeL! G10%& ()- 10
10 10! ay5 %40%& ()3_. ly n@ﬁq;(y({lﬁs e@-ags;mbly in accordance with Claim 1 wherein said

10 control assembly comprises a control board and a plurality of power transistors
connected to said control board.

4, A mator endshield asscmbly in accordance with Claim 3 wherein said
control assembly further comprises a thermal pad between said power transistors
and said endshield, said thermal pad for transferring heat from said transistors to

15 said endshield and for electrically isolating said transistors.

5. A motor endshield assembly in accordance with Claim 1 wherein said
endshield is configured as a heatsink.

6. A motor endshield assembly in accordance with Claim 3 wherein
each said power transistor comprises 2 plurality of leads, each said lead extending
20 substantially parallel to said contro} board.

7. A motor endshield assembly in accordance with Claim 6 wherein said

transistors comprise a top surface, a bottom surface, a back, and a tab, said bottom

8



f3210% & ()-yS2' 10% & ()-  BdECUBL! GI@10%&' ()- 3 10%&9(ecgmber 2002
10%&' () - @10%&' ()-F' @ 10%& ()-fSF10%& ()-7 S dEcUBL! GL@L0%& () -

s10%& () - @O0%& ()- @O0%& ()-S109%&' ()-Y 10%& ()-S

3-dEcUBL! GIL$10%&' ()-S"910%&' () - S& &10%&' () - S10%& () -

10%&' ()-10%&' ()--.dEcUsL! Gl

L310%&' () - S0310%& ()-S,/10%& ()-S 10%&' ()-y, M 10%& () - S¥&10%& () - kmmopbCL!
"@ 10%& ()- @FL0%& ()-9! GLO%& ()- 10 10 10f F7s10%& ()-4 109%&' ()-;

. dEbCL! 109& ( jurfitddditaéng s418¥aitio) bohA/EHld gib aftendBydofm)saidbidd¥iing Jat!d C- aBbCL! S
109%& ()-YGlO‘V%@(@L- LO%& () -~ 10%&-()-" 10%& ()-!S9310% ()--t- VdEbCL!

110%&: () -, @ 150&T8*.

- 109%& ()-3+10%& ()- @10%& ()-"10% ()-bCL! F" SS109%& ()-f SF10%& ()-L! GLOY%& ()
- 10 10 10@F7 10%8-() - A3uagrogdsieldpdsmbligiin dooorgancy witRERURY (vherein said

10%&' () - @ 10%&5 - O (1) < . .

9 100/&'( % ) - JDdE (ﬁrft‘a%%&ﬁ(é@eé@dfﬁ%' fipgt, 32id Igady etond from said front of said

10%&' () - y 10%&P¢Yyer @rasiQ9g:(a) popiflorRe el b said PattymGurface thag @ said top surface.

10SF7s10%&' ()-S-y10%& ()-y, S 109%& ()- @d0%& ()-L$ 10%& ()-Wh!t!!!

) CI; dEYNCL! f 0 10?/5 &.()-fa motor endshield inaccg/rdaqcc with I(:{{airg 08} wgl}crein said ta#ij 5 aVRAEYNGL!
10% & () - &10 6chrmgr)xse Xxe@lsgidﬁ ta%s an%%lhgmgl%ag zvhicﬁ provid%s atgz) interface '

to said endshield.

10. A mator endshield assembly in accordance with Claim 2 wherein said
tecessed fins extend from sald substantially flat raised area.

11. A motor endshield assembly in accordance with Claim 1 further

comprlsing a cap plug opening extending through said endshleld and a cap plug
cavering sald cap plug opoéning.

12. A motor endshicld assembly in accordance with Claim 1 wherein said
endshield further comprises aluminum,

13. A motor endshield agsembly in accardance with Claim 3 wherein said

power assembly comprises & power board and an insulator positioned between said
power board and said control board.

14. A motor endshield assembly tn accordance with Claim 13 further
comprising:

a first spacer extending between said control board and said power assembly:

2 plurality of clamp bars posltioned between sald power assembly and said

power transistors, sald first spacer and said elamp bars extending through said
insulator; and



3 10% & ()-&10% & () - S10% & ()-fML0% & ()-zs 10% & ()@ Pecember 2002

10% & ()-W&&i ' ' (C))dEYNCL! yF110% & ()-/10% & ()-yy) 10% & ()-' 10% & () -f
S10% & ()-ff 1006 a& ()-f)))*+*%, *-* *2¢K¥bCLI f @L10% & ()- | FLO% & ()- 10°
10" 10" F7t10% & ()-yY4" 10% & ()-y2109% & () - K*Z* ** G+++dEbCL! F10% & () - f

10% & () - S9&10% & ()- S

10% & ()-10% & ()-Y" @L0% & ()-+-a-.. E/ Q aBbCL! f @10% & ()-f!10% & ()- 10% &
"()-fMLO% & ()-1& 1099?& ()-Ss10% L& ()-Q // C0~111 2dEbCL! f310% & () -1 1
10% & ()-f9*10% & ()- (t 10% & ()-f' &10% & ()- %40% & () - | 2#2$29R8272C2R22bCL!
y910% & ()-1"Sg10% & ()-SZ10% & ()-s! F10% & ()- 10t -10t°

10t y37510% & () - 223k3345dEbCL! 9 10% & () - y10% P& ()-110% & ()-y-10% & () - 3

'10% & ()-y Z10% & ().-5955 6766 Ly" 1006 & () | ; ;
10% & () -yl 10% & (?g i?fgfo*’%?"{ 5”‘-%"&@%%"%‘)5%‘?f%‘%g"’(afd-"%‘ﬂ?a?‘dﬁ‘%?i%%’%sdE:/ 10°
10°Y7° 10% & () -y3+10% & ()-)10% & ()-, (10% & ()-y% 10% & &%-y,&$10% & ()-888
88: 9u99uV7/ 10 -109& ()A mm/@d@biclﬂmen’éi(n)m orgighy Clpimsly Whggeip sails F100& () -
10°9Y: ; ; @<B=2X8efc1a rurther comprises a plurality of bolt openings that extend through said
10! s3+109% | & ()-! &3( 109& () - Ss! 10(qu§: ()-@s! FLOY@®' () - @ 6SF10%&' ()-! S10%&
' () - B=s=>>>>>gadshicig) fppregaipag rguel delt0os & ()- 10 10
10f 5510%& () - ! &L10%& () - s3+10%K& () - >>! ?7y??" @ @QE~ @
10! F109% &'s() - L10% & () - A mb@s¥tedshi}ld lfor b6 He&ion)cal®eommutated motor, said
©10% & ()-109% & ()51 AAABJE~_ @ 10! &' 10% & ()-sy F
10% & () - 310%"&“%"%3-‘ THH B - S109% & () - 10% & () - BBB&CCCCCC ASH= 10! 10"
10"
10" 2t 109% & () - ! - 10%shaf qppnige-a@fig8ed tp receiy@aguorr hafis) $1094 & () - - CCODDNEEE} A ?S
H= 10! &310%& ()-&z10%& ()-!'k ,10%b& ()-!s 10%b& ()-

an internal surface comprising a substantially flat raised area; and

an external surface comprising a plurality of recessed fins and a raised

10 cylindrical portion surrounding said opening.

17. A motor endshield in accordance with Claim 16 wherein said
recessed (ing exrend from said substantially flat raised portion.

18. A motor endshiald in sccordance with Claim 16 further comprising a

cap plug opening extending through said endshield.

15 19. A motor endshield in accardance with Claim 16 further comprising a
plurality of recessed openings extending through said endshield, each said recessed
opening for receiving a through bolt,

20. A motor endshield in accordance with Claim 16 wherein said

endshield further comprises aluminum, said endshield configured as a heatsink,

20 21. A method of assembling a motor endshield assembly for an
electronically commutated motor, the motor endshield asgembly including a control
assembly, a power assembly, and an endshield with an inner surface and an outer

surface, said method comprising the steps of:

10
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10%' ()- @@ 10%&' ()-T 109%& ()- 3F10%&' ()- SF10%& () - N2NvNNCkOOJEbC 1! H@ 10
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) 910%&' () - S&10%&' () - OPYPgPj PdELC 1! H@ 10

90910%&! () - S- 10%Boditoni@/thd Yekitko) assdhBIYdin 6ontadt 3R R ifderodsfdk@kitte) - Nor mal "
"Headi ng 13] c" "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
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-- DW g" W&) K* +Q ! 2gmé -_ti?é laddéhblyHo the control assembly.
<=>? @GABCDEFGHI JKLMNOP YZ[\]"_"ab6Ti nes New orranArl al Courier New'h

Root Ent r yWr dDocument | " H#SUR ( 0123456789
<=>7 @\BCDéFGHI J K@R/N@@@FWA%‘?Z‘[W‘% gé&:lazxm 21 wherem the control assembly

5 includes a thermal pad and a control board with power transistors connected thereto,

said step of positioning further comprising the steps of:

positioning the power transistors in thermal contact with the thermal pad;

and
placing the thermal pad in contact with the endshield.

10 23. A method in accordance with Claim 22 wherein the endshield inner
surface includes a substantially flat raised portion, and the endshield outer surface
includes a plurality of recessed fins, the recessed fins extending from the raised
portion, said method of placing the thermal pad comprising the step of placing the
thermal pad in contact with the substantially flat raised portion of the endshield such

15 that the power transistors are in thermal contact with the recessed fins, wherein a
thermal pathway is provided to dissipate heat from the transistors to the recessed

fins and then to the ambient environment.

24, A method in accordance with Claim 23 wherein the power assembly
includes an insulator, a plurality of clamp bars, a spacer, and a power board, and
20 wherein said step of connecting the power assembly to the control assembly

comprises the step of placing the power assembly in contact with the control board.

25. A method in accordance with Claim 24 wherein said method further
includes the step of positioning the clamp bars to apply pressure to the transistors to
enhance the thermal contact between the transistors and the recessed fins of the

25 endshield.

11



