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application d to United States Provisional Patent plication
No. 60/433,%’“?‘?‘}53%? December 13, 2002, from which pr.%‘FT’F%}A'P@-”?@

cl ai med, hereby incorporated by reference. Technical Field Electric
notors are one of the nost w dely used +tachi nes. The applications range
from aut onobil-es to earth novers, from aerospace to marine machinery,
from hone. appliances to nedical equipnent. 10 Background Art Recently,

t here have been |ncﬂWEEGRATEBrmJEBTRIGrMOWOﬁANWTRIACW@I&IDRIVEOV\H
density. For the pl.i cati on, power density can be

defi ned as the SRASHREIGENGS ONHNIERHORS her per unit wei ght or per
unit vol une, eXpreSS'ﬁﬁs ra@{élﬂ%ﬁb?ﬁ@'rﬁla@?ﬂ W lunited S’%&téseprct)\]@o@le%\?ﬂtto ;
i ncrease power S 1o elevate eed_o not or e spee
of ‘'a notor mcrgag'é‘@ 'X%B d%q‘lﬂ&? 3 5’9@ ?qe“gl?ﬁKgr?’ 2@ afromé@mhtpnq"%re is a
trend in machi ng éj@meg%rémb@pgfdtéwb§@éﬂeﬁée electric .notors operating
at higher speeds. In sone applications, this results in the speed of the
not or bei ng hi gﬂé&f‘ﬁ%ﬁ@%e required. speed of the 20 driven menber.
Therefore, it is of tERcieREsNEE Bheashé PndsRWidklP uBed TREGhJsSORE | ON
unit between the notor and the driven nenber to Teduce the speed of the
notor to the regBpPlicationsgarge Bpm qdompbilesio eaphisaeversy ffo8 @gPsPAFE 13 esul ts
(n an overall Mgl mRNRRnIABH fime bfianseeRmegEacidulmer t Stil |
limts power density because of the additional 25 wei ght and vol ume. One
solution to 10hi Bagkdargund A 5| | ed gear - head nmotor where a gear reduction

unit is integrated \AR&&bnav HeRE hBVE bBBA oreddhey AeiPdSTHBY rﬁdt&%swmpf
gear-head notors i ncI udi ng "precision" gear-head notors ch are

.capabl e of r unnigFRf' ot PeWehdensitye e fer Aty PYEIRses  ofythis @pﬁ’lﬁﬂ'oﬁmp@wer
density can be defined as the amount of power delivered either per unit

weight or per unit volume, expressed respectively as W/kg or Wiliter.
15 - One way to. increase power .density.is to elevate the speed of a motor.
As the speed of a motor increases, so does its overall power.” As a
result, there is a trend in machine designs toward using smaller electric
motors operating at higher speeds. In some applications, this results in |
the speed of the motor being higher than the required speed of the
20 driven member. Therefore, it is often deemed necessary to include a
speed reduction unit between the motor and the driven member to
reduce the speed of the motor to the required speed of the driven
member. Although this results in an overall higher power density, the
speed reduction unit still limits power density because of the additional
25 weight and volume.

One solution to this is a so-called gear-head motor where a gear
reduction unit is integrated with an electric motor. There are many types
of gear-head motors including “precision” gear-head motors, which are

. | capable of running at higher speeds and generally are much more
30 expensive than ‘“regular’ gear head motors. However, even with
precision-made gear heads, gear-head motors are often limited to

operating speeds of 5,000 to 6,000 rpm. This has, to a large degree,



30 expensive than "regul ar” gear head notors. However, even with
preci si on-made gear heads, gear-head notors are often limted t ol 1 JAN 2006
operating s 000 to 6,000 rpm This has, to a la degree, 1 1
JAN 2006 \Aop‘gg’%i‘f&%?g%s PCT/ US20031039509 -2 prevent ed %@%&M#&%
nmotors from achieving their ultimte power- density potentials. Recent
devel opnments in traction drives have dem2astrated that a well-built
traction drive can operate at higher speeds up to and 5 exceeding 10, 000
rpm and cost much-|less than gear-head drives. Thus, integrating a
traction drive vwrbhered ¢he geai-head istosafiomnnachisndrgy thelr ultiysite power-

power -density pq;ential aﬁﬂ thus extend the scope of application of

el ectric notors. BPYPUR!St he | nvention 10 Briefly stated, the

invention is a notor Rdépnl dévatbppeiRs irfradiohidives AagsiiemoretNed that a
integrated with a tractijion drive for receiyvi nghtlge power at -a hig

A . . h
angul ar vel oci t yWelhbuilhetraction; Agve neam speratg; a epPegsi§uLar to \andoci ty.

The notor compriseseding 8000 rpm ardf &st hildh I6RUAAY §8althedd Erivekatils, at a
hi gh angul ar velocity, and a sun roller wth a first raceway affixed to

15 the rotor. THetegrafingi antraftiopedivamithser eleelte rmetor ean igreaser they
menber w th an éé‘éid?ﬁ'gPﬁigﬁaénﬁgQ)o??ﬁt@Péﬁdqtﬂu@%ﬁ the SEbpd bf:aﬁgﬂcét% first
un roller, and'a I o er s

raceway of the a ading planetary ro pported by
the carrier w tof eleatig mgtardceway. The third raceway engages with the
first raceway o§y,hharsditht Mehfiognd the fourth raceway of the outer ring
in a convergent 0 y the first and fourth raceways for
transferringlGower LRty statethethg dnvanten és a aneior spRiving powehat a high out put

el Desor pti o iRl irkeciafod tES nabich WREIREr SR pONEFRL Y.
part of the 25 8pugh mngdar yalocity @nd| delivedng éhe powet ap & igseern angulalt ew
showi ng the fronfeQfinaRrhe motor comprises a stator, a rotor that revolves in the stator
at a high angular velocity, and a sun roller with a first raceway affixed to
. - 15" the rotor. The traction drive comprises a carrier, an outer ring member
- with an output shaft and a fourth raceway-eccentric to the first réceway
of the sun roller, and a loading planetary roller supported by the carrier
with a third raceway. The third raceway engages with the first raceway
of the sun roller and the fourth raceway of the outer ring in a. convérgent
20 wedge formed by the first and fourth raceways for transferring power
between the sun roller and the outer ring. The output shaft of the outer
ring delivers power at a lesser angular velocity.

Brief Description of Drawings

In the accompanying drawings which form part of the
25 spedcification:
FIG. 1 is an exploded perspective view showing the front of an
embodiment of the invention.
- FIG. 2 is an exploded perspecﬁve view showing the back of the
embodiment.
30 FIG. 3 is a cross-sectional view of the embodiment.
FIG. 4 is a cross-sectional view of the motor,



enbodi ment of the invention. - FIG 2 is an exploded perspective yljmvm%
. showi ng the back of the enbodinent. 30 FIG 3 is a cross-sectional view
of the enbodlv%g’h FIG 4 is a cross-sectional view of the notor.

JAN 1006 Y8885 pCTI US2003/ 039509 -3 FIG 5 is %CW%Z&‘%’%?%OW ng
forces at the raceways and at a support shaft of the enbodi nment.
Correspondi ng reference characters indicag-e corresponding parts

t hroughout the several views of the drawings. 5 Best Mde for Carrying
Qut the Invention The follow ng detailed description illustrates the

invention by way of @gamplseaaishradt shiviMg Yoreés lat thé abd¢ewnysTARd at a
description clearly enables . one skilled in the art to nake and use the

i'nvention, descr? rhplof the ergh@di@PRent s, adapt ati ons, variati ons,

alternatives, and USe@or‘?ésﬂohﬁin%@eﬂe@ﬁé@tdh‘afhctérélHdlﬁ%lté‘ﬁo%@ﬂionu Egéeﬂ&se”t ly
believed to be t he best node o carr¥ out the invention shown in

FIGS. 1 and.2, athreyghsyt therreverpl daws at bigrdigwings.el ectric motor and

traction drive 1 i f 100 and a traction drive
200. As usedg Be bdefor ci ﬁ‘%ﬁkt InRT/BﬁﬁUn d" is defined 15 as

"conbining nultiple phhe bllowng@iemnl@dsieagmmlonnliustram thadovention byesy 1- 3,
the electric m)tB %S%rﬁarr{ofﬁgv&i'%thﬂﬁtah&?%'erl%g%ﬂ&nongclég} End r 120’

a bearing cup pla r ot or un ro
153. The notor housiskijed 110 thesarh th oiakevandoydei ﬂraenvambhndwnaes sevaral ace

111 with holes 1 f{ubfogfmég{t%,acﬁpg%loﬁwg, ’t'vﬁﬁat?o(?ms Q{na fves; a r%grseé‘ oegs face

113 with holes 1 S ee an i nner
surface 115 fi@r iifvbhmmgn¢luding1wi‘@téﬁpresenﬁy belmeddoddaﬂng If&isih snddis of

extending froma [ f; 117 to aid with the dispersal of heat
produced during g%%ég%ﬁﬂgfﬁ%ﬁ%o ‘or cover 120 is a disk with a raised

concentric annul us defsrshognanfFIG® T aod 2,24n wintbedimdrdsof an integrated
electric motor and traction drive 1 comprises an electric motor 100 and a
-traction drive 200. As used in this specification, “integrated” is defined
. 15  as “combining multiple parts to form a single unit.”
- As shown in FiGS. 1-3, the electric motor 100 comprises a motor
housing 110, a motor cover 120, a bearing cup plate 130, a stator 140, a
rotor 150, and a sun roller 153. The motor housing 110 is a hollow
cylinder defining a front face 111 with holes 112 for attaching to the
20 motor cover 120, a back face 113 with holes 114 for attaching to the
speed reducer 200, an inner surface 115 for affixing to the stator 140,
) and cooling fins 116 extending from an outer surface 117 to aid with the
| dispersal of heat produced during operation. The motor cover 120 is a
disk with a raised concentric annulus defining a front face 121 with holes
25 122 for attaching to the bearing cup plate 130, a back face 123 with
holes 124 for attaching to the front face 111 and respective holes 112 of
the motor housing 110, and a first bore 125 for supporting the sun-roller
153 via a bearing 155. The bearing cup plate 130 is a disk defining a
' back face 131 with holes 132 for attaching to the front face 121 and
30 respective holes 122 of the motor cover 120. The stator 140 is a hollow
cylinder with an outer surface 141 for affixing to the inner surface 115 of
the motor housing 110 and intemal poles 142 that are energized by



25 122 for attaching to the bearing cup plate 130, a back face1 Jf%‘ﬁNﬂﬂﬁh
hol es 124 for attaching to the front face 111 and respective holes 2 of

the notor housing 110, and a first bore 125 for supporting the sun-
roller 153 Y O%"’B@aﬁ‘i ng 155. The bearing cup plate 13FGrES200pR09
defining a back face 131 with holes 132 for attaching to the front face
121 and 30 respective holes 122 of the mator cover 120. The stator 140 is
a hollow cylinder with an outer surface 141 for affixing to the inner
surface 115 of the nmotor housing 110 and internal poles 142 that are

energi zed by 1 1eldéMoRGRMeV® RIMAHEGRAE HoRESTOLEARAMPBRESR 160 TRt i cal
power to form magnetic poles for engaqging the rotor 150. The rotor 150
is a hollow cyli Fﬁ@r1ﬁ%ﬁi%hﬂ'§:’%°¥'@gghgef %afﬁﬁcoﬁé)PPE{% Foqj gigingy o theyn ’

roller 153 and exerdRl 158 %@th@ﬁai%léCﬂfol&”@l@@?&%ﬁdﬁ@iﬂg{]ﬂ% Mmall enal e
pol es 142 of the stator 140. The sun roller 153 is a shaft defining 5 a

first raceway 15female pelagdd? efthe staior #0.t Fhe sunrlier 15%iszoshafideiig known
to those skiljed,i t @&% WaTa ovided to supply
el ectric pomeér’ tgﬁﬁkﬁ%ﬁl’%@%@ﬁgbw Pﬁ&?ﬁ@pﬁgﬁ'ﬁ‘e@@‘%@wpm es 142 of the
stator 140. For easi &hs welbkhonn te theseiskilee ds ther art, ieigctric pennections ae

drawi ngs. Wi l.e. J i = i %ﬁﬁ“ i

swi t ched rel uct aﬁ@&ﬁiﬁg{fg?gﬂ)@fﬁf&c Htaiﬁg"? }) &nnéﬁirgﬂpzﬁémy u(ifcehaé }f@%@ﬁi as,
brushl ess not or s poleg 13t frtbe statdr MO.i irdneasien viewing, she Windiags areenot
enbodi ment I n FI : i S\ [ . s

| am nat ed pl ates %ﬁ%‘?’%gﬁhg ydgé‘lé’ﬂég' M&'I%'ﬁégr?ané%ggﬁ&u@téndk%'oggg:\%m@gﬁsIél GS.
1-3,; the trat®i otypihal veitcd@l whugtancsewotar,cathei types D nAOrs may deedigegt

P 200! L o gien PG ABoBL B ke S £ aiton HooL i 29,
The carrier 210 twnpmbediment imstCH! di3edigdtsemd rator oa®r thapisafeem@d by The
front face 212, lrindetpittd. onfbries T nORSHEY bEBRAIT 0% o "Fhe 20 mot or
housi ng 110 and't he tAashdwmirdFiGS 1hdube trgctitOdriven2@beaopribes carder 215
for supportigg tBgo! Qfdlidity PhAAEHAONer 240, Sipciting BlaRBRIry Foldld245, an
v - - outer ring member 250, a double row bearing 260, and a traction drive
housing 270. The carrier 210 comprises a base plate 211 and a cover
plate 220. The base plate 211 is a disk with a raised concentric annulus
defining a front face 212, a back face 213, holes 214 for attaching to the
20 motor housing 110 and the traction drive housing 270, an obround
pinhole 215 for supporting the loading planetary roller 230, pinholes 216
- for supporting the supporting planetary rollers 245, a third bore 217 for
supporting the sun roller 153, and arcuately shaped wedges on the back
face 213, hereby referred to as islands 218. The islands 218 act as
25 spacers between the base plate 211 and cover plate 220 defining
cavities for receiving supporting planetary rollers 245 and the loading
planetary roller 230. The cover plate 220 is a disk defining an obround
pinhole 221 for supporting the loading planetary.roller 230, pin holes 222 .
for supporting the supporting planetary rollers 245, and a through hole
30 223 for hosting the sun roller 153. .
The supporting planetary rollers 245 comprise pin shafts 246 and
bearings 247. The bearingé 247 define second raceways 248 for



for supporting the supporting planetary rollers 245, a third bqrieJLXof or
supporting the sun roller 153, and arcuately shaped wedges on the back
face 213, herebX referred to as islands 218. The islands 218 act as 25
spacers bet W8P ¥ase plate 211 and cover plate 220 BEFURIOBHIVRi ti es
for receiving supporting planetary rollers 245 and the |oading planetary
roller 230. The cover plate 220 is a di sk defining an obround pinhole
221 for supporting the |oading planetary . roller 230, pin holes 222 for
supporting the supporting planetary rollers 245, and a through hole 30

223 for hosting dngagifg Withahé 6Fst todway N84S BROEIN RilepH BBEtTRBYdafhyer s 245
conprise pi-n shafts 246 and,6 bearings 247. The beanrl ngs 247 define second

raceways 248 for247 affixgisnhe pisshgisishaotette ssoPndoeynysdifostates
engagi ng w th thgely. rﬁ]ea?iﬁgﬁgg%zééoﬁsﬁﬁ iﬁtBﬁh@ BIRhbRS 286 draRe bASE pheatr i Ngs

I
247 affix to the pi'n : at the Second raceways 2438 rotates
freely. The pi n Hfandsthe pinholse?22 phithe cover patehaidso thag the suproriagge pl at e

211 and the & Ngkiad 28108 MacrRRKCith e Adflos Aol 1 hoSBRAL L1 Ng S

pl anetary rollers reside within the cavities I ne e I sl ands
218. The | oadin@i8 anetary roller 230 conprises a pin shaft 231, an

| e 330, : Loc. .
Thoert 23215 ciroul NEyCRflid pRFSIY forkr 258 LonibrlsBs £bisesan 138 SOCL 1
hol e 234. The sugipsictingsrti28210a 28Bpartbearingr 238 and aarller 288.cTheelastiar i ng,

such as a bal | ReaLl 9% Wi, JIABEE JA°H iy 20MA0 84 R £ 266757

The roller 238 is also Ccircu an | nner surface and a
thirnd racewah 24tnle ABén Hus enpppartibesring 23 jpoat citcalar jandj-fAGionabéarings t o

nor 15" Lo o chby iy Vol Bty ik IASE A0 B ABL o228 1 1o
support . beari nglteS®lies 238 sralsmcimulatlyshaped with et ineemsurtasei239eandsar f ace
B e o ar o B ERSRaR Ao PSRRI 1REQLRA B3hos 20k b (0!
pin shaft 231 the elastic insert 232 with its inner race 236 fitted tightly over the outer
15 surface 233 of the insert 232, The roller 238 is fitted to the support
' bearing 235 with an interference fit between its inner surface 239 and
the outer race 237 of the support bearing 235 so that the roller 238 can
rotate freely. Next, the elastic insert 232 is affixed to the pin shaft 231
by inserting the pin shaft 231 through the center hole 234 of the elastic
20 insert 232. The pin shaft 231 is inserted into the pinhole 215 of the base
plate 211 and the pinhole 221 of the cover plate 220 so that the third
, raceway 240 engages the first raceway 154 of the sun roller 153 and a
fourth raceway 251 of the outer ring 250. The obround shape of the
pinholes 215 and 221 allow the pin shaft 231 to slide back and forth
25 slightly. During operation, this allows the loading roller 238 to
automatically shift to an effective position for the third raceway 240 of
the loading roller 238 to engage in a convergent wedge between the first
raceway 154 of the sun roller 153 and a fourth raceway 251 of the outer
N ring 250 allowing power to be transférred between the sun roller 153 and
30 the outer ring 250. While the pinshaft 231 shown in FIGS. 1-3 is shown
to be supported by pinholes 215 and 221, it is also possible to have the
pinshaft 231 supporied by the carrier 210 through springs or elastomers.



by inserting the pin shaft 231 through the center hole 234 of the elastic
20 insert 232. The pin shaft 231 is inserted into the pinhol e 2151dANZ#é
base pl at evé %003@%9 he pinhole 221 of the cover plate 220 so that the
third race é hgages the first raceway 154 of t hd TR UYIFP 153
and a fourth raceway 251 of the outer ring 250. The obround shape of the
pi nhol es 215 and 221 allow the pin shaft-6231 to slide back and forth 25
slightly. During operation, .this allows the |oading roller 238 to
automatically shift to an effective position for the third raceway 240 of

t he Ioadilg?1 r]9I I ﬁr 2$Bem;tefiﬁmg£i)g:eginbeﬁ25@][svm eﬁnmwm@eeﬂggti ; oﬁhﬁ? first
raceway of the sun ol |l er a fourt C \'/ (0] out er
ring 250 al | owi ABCeYENe? 1t§°(l?é’tri°r"8ntgﬁg. erac%'é@%é‘ﬂfﬁ% Lol 1@‘%{53 and
30 the outer ringgd§ig tmmlm Feeway @abafftthewa@ﬁqaw@ne@rﬁo% 230 8nds shown

to be supported by pi nhol es 215 and 221, it is 055| l e to have the
pi nshaft 231 supPRceeendyacemaye 445 erﬂ’@lﬁuﬁﬁﬂ@?ﬂgﬁ%'ﬁ néllesy 28ba3boner s.
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250 is an annular ring defining t fourth raceway 251 eccentric to the
first raceway 19qudy raceway2§1rand @#tpqwaﬁo%& toneregmimpdate apy Pessiblaceway

240 of the | oadlrﬁgn'grﬁq&kqfe\(\ivéa{ k@g&@n@ggwgpgﬁg%tg@%%(ﬁygg48 of

the supporting ary rollers put shaft

transferring pov“\ﬂ‘le owtnut shadk2s2 EsgIpponad dyi & hackio-badkuamangedodowdie-251 and
out put shaft 25%&, @’g@date any possible msalignment between the
fourth raceway g ut put shaft 252. The output shaft 252 is
supported byl0a back- tTd»etisaqaoardrluengredsmnges a bolloweeylindey WD a radedhe

annul us. def 1 ne ohepfite SARulLE By atiirf 1ce S with hiled 272 ik tachifg el " ©
base plate 211 andhedsseqiates2 Hoanrd respactive halas 2H4befeurty Borfeo?73 fascei vi ng

the doubl e oW heasiig (5 8oudBoft aRHa AR § Bk 1R STARE oAl | N

15 To assenble the e I ment, earlng
mounting.

15 . To assemble the embodiment, the back face 131 of fhe bearing
cup plate 130 is attached to the front face 121 of the motor cover 120 by
aligning holes 132. with respective holes 122 and using approbriate
mechanical means, such as bolts or rivets. Similaﬂy, the back face 123
of the motor cover 120 is attached to the front face 111 of the motor

20 housing 110 by aligning holes 124 with respective holes 112 and using
appropriate mechanical means, such as bolts or rivets. The stator 140 is
inserted in to the motor housing 110 so that the outer surface 141 of the
stator 140 is affixed to the inner surface 115 of the motor housing 110.

Bearing 156 is affixed to the sun roller 153 adjacent to the first

26 raceway 154 for rotational support. A sleeve spacer 159 is affixed
adjacent to the bearing 166. The rotor 150 is affixed to the sun rolier
163 adjacent to the sleeve spacer 159. A nut 157 is affixed to the sun

- roller 153.1o secure the rotor 150. Bearing 155 is affixed to the end of |
the sun roller 153 opposite the first raceway 154 for rotational support. -

30 As shown in FIGS. 3 and 4, the sun roller 153 and rotor 150 insert into
the stator 140 so that the bearing 155 affixes to the first bore 125 of the
motor cover 120 and the bearing 156 affixes to the third bore 217 of the |



cup plate 130 is attached to the front face 121 of the notor cover 120 by
aligning holes 132. with respective holes 122 and usi ng approprilat ¢AN 2006
mechani cal neans, such as bolts or rivets. Simlarly, the back face 123
of the notor WOMA5858 s attached to the front face 11PCHUSMEOHMEWor 20
housi ng 110 by aligning holes 124 wth respective holes 112 and using
appropri ate nechani cal neans, such as bolts or rivets. The stator 140 is
inserted in to the notor housing 110 so that the outer surface 141 of the
stator 140 is affixed to the inner surface 115 of the notor housing 110.

Bearing 156 is apidexpptd Qﬂ han 68 ﬁd&ktﬂoﬁrth@&raﬂjuaﬁeaa dnd ﬁ\BGrofdrr‘FFfO 25

raceway 154 for rotational support. s| eeve .spacer 159 is affi xed
adj acent to the e frepiv wdthi $’f6iQ5r149501r| Qd@f@ﬂ xibg first rasewaliriSdol | er

153 adj acent to sun
roller 153-to se%%{reré&ét ﬁgytretgtﬁg%%g%éég%aﬁﬁ%altégglﬂgéia F %ﬁq?%q? E&end of

t he *sun rol |l er 19#hipghecanier24d first raceway 154 for rotational support.
30 As shown ig FIGS. I C&ﬁf t ert
into the stator 140 g%gg%ﬁbl?tﬁe %llc’l;llg{ %%’ t@é I'Xes %26 ﬁacglgﬁds bor e
125 of the not oislandse&18isfGhabdse plat@éa’rl e pithafts 246 of the stpportingr d bor e
217 of the 1 1 J 5 I | at e
1 e posPPnER Bt bl inas B R ORR0SE Y e oS ficR

freely wthin the1stamdothelgifholes 22@doft thercovehplata 220 sroatmmbe $Beondext ends
oy der 2105 ToreuaNs P8 ieRaly Favadsrhe T SRR Tof & Be3p Mittches
to the islands 283 dhetpirshbfi281 pf meeloadjﬁng pIEnetapy radlea23s |szn§erua‘d intoe
supp‘orting pl angt ary, r.ol].er 45 are |n i nt i nhol es 216 of

t he base plate %ﬁp'\éﬂa'etﬁg’ %itﬁ‘ﬁg’fa@% p?éPZ ﬁ @QPE§% %ﬁgﬁé”%%r t hat
the second racepjs 2208sd thatttherthird ya&mgmo rfm;trbnal@t engaymsathe 1firdt of t he

sun roller 10 15§a The %ﬁ ir\ift 23 o{ t he | oadi ng planetary roller. 230
is inserted into ciep{vgy KNS YO, Prigd ¢ base plate 211 and the pinhole

221 of the cover - pl aTbe 2A30ble cowmarind 260 ffixds ta tresfoyrt 4dré 278 of theal | y
engages t he ﬁbr SFtraction drive housing 270. To further secure the double row bearing
260, a snap ring 275 may be used. The double row bearing 260 affixes
to the output shaft 252 of the outer ring member 250 so that the outer
ring member 250 can rotate freely. The front face 271 of the traction
drive housing 270 attaches to the back face 213 of the base plate 211 by

20 aligning holes 272 with respective holes 214 and using appropriate
mechanical means, such as bolts or rivets. In this position, the fourth
raceway 251 of the outer ring member 250 frictionally engages the third
racewdy 240 of the loading planetary roller 230 and the second
raceways 248 of the supporting planetary rollers 245.

25 In operation, electric power is supplied to the windings of the
internal female poles 142 causing the rotor 150 and sun roller 153 to
rotate and transfer power at a high angular velocity. Power is
transferred from the first raceway 154 of the sun roller 153 to the second

. : raceways 248 of the supporting roliers 245 and the third raceway 240 of

30 the loading planetary roller 230. Then, power is transferred from the
second raceways 248 and the third raceway 240 to the fourth raceway

251 of the outer ring 250. Finally, power is transferred via the spokes



raceway 154 of the sun roller 153. The doubl e row bearing 260 a{JfémgﬁBto
the fourth bore 273 of the 15 traction drive housing 270. To f \]

secure the bearing 260, a snap ring 275 may sed. The
doubl e FOMISQQBhﬁgggé% affixes to the output shaft 252 X “#H@ygﬁggr ring
menber 250 so that the outer ring nenber 250 can rotate freely. The
front face 271 of the traction drive hofising 270 attaches to the back
face 213 of the base plate 211 by 20 aligning holes 272 with respective
hol es 214 and using appropriate nechanical neans, such as bolts or
rivets. In this zsﬁsc'nftthemutdrhmgfzmrt‘ohhe oatpervakiaf? 252 afhdrdaét io ouiput bt ag

menber 250 fri Ctll onal I% ‘%Z es the third raceway 240 of the | oading
pl anetary roller esseh Al lﬂ e ond raceways 248 of the supporting

pl ag_et ary ][ol Ihers 243s t&;é bun ¢mra1?3)motatfzsemt FiG. BO\ﬂﬁé ﬁhaloﬁutbiliigo?ﬁ ;0 the
wi ndi ngs of the |nte na ol e causing the rotor and sun
roller 153 to r(g?gloé‘ Beﬁtﬁ Q'Pe B‘Bfa%‘i]‘l batwaen it fiksst Jacewax, dpb andy .

Power is transfiggd %&eWagrnmm thé u&édaﬁgaﬂswrylr%ﬂepﬁsé &.‘hd§l!6' rétetel tﬁé 153 to
t he second racewa(%/ of the supporting rollers 245 and the third

raceway 240 of 302 n@rqlleaa%gnfégsn@rﬁéﬁ@ reastipe richigp forpadia atﬁeﬁ,@qnta@
transferred fromdigen BRORR raakRNPID %@th%”!@u&ﬁ?aéé%féﬁzma&ﬁ“@%u?é}o to

the fourth raceway 251 ring 250. Final power

transferred via finge 25Bok ddese 1frigline Jooes \mllzﬁmﬁm%golm’mszmgsam%w
-8 253 of the oylplefy bﬂgvedﬁé%atpcbét\nﬁelﬂﬁbpéﬂuh r§1flﬁ'f1 (53%1r thE SLfer! n}xﬂ'zgoom put

at a |esser ‘angul ar “vel ocit sun rol 153 rotates
the frictionll origeither ditectiar dependiae Hpemthedrotationidirestion etthelsenvielar t he

first rac evay 15(kanghe RickiBh rf(q'c ‘%‘?é/ bglﬁﬁf g@grﬂ@aéyn%t RiraBe hedty

roller 230 tends to rotate the and generate a reaction
friction force FRegontagts b,eiweaetthe iﬁat\nmwayh‘@lt ang' ﬂ"lida@@ﬁ)wy 240 aadd t he

otk ng' rort el SHhveln e U ecol ST RE e oo Bigeh B L
and the outer riswppeBing force Fs prowded from carner 210 via pin shaft 231, elastic
15 insert 232, and support bearing 235 to the loading roller 238.
The amount of normal force N generated in response to friction
force Fg is controlled by the supporting stiffness Ks of the loading roller
230 assembly in relationship with the contact stiffness at the contacts
along with the structural flexibility of outer ring 250 and the flexibility of
20 other relevant components. Assume the lumped effective contact
stiffness, representing Hertzian contact stiffhess, structural flexibility of
outer ring 250 and all other relevant components, be denoted as Kk.

The following relationship generally holds true.

25 (1) _Ei:yasin&—zsinz(%)'

R

where
 Ks = effective support stiffness of loading roller
Kr = effective contact stiffness between the loading roller and the sun
30 roller and between the loading roller and the outer ring
Lo = operating traction coefficient



10 in either direction depending upon the rotation direction of the sun
roller 153. The friction forces FR are bal anced by normal cofitiajiN M8 ces
N at the contacts between ‘the first raceway 154 and third raceway 240
and betweeWVQHENBWBth raceway 251 and third raceway 2BET/USG08/039502
supporting force Fs provided fromcarrier 210 via pin shaft 231, elastic
15 insert 232, and support bearing 235 tg the loading roller 238. The
amount of normal force N generated in response to friction force FRis
controlled by the supporting stiffness Ks of the loading roller 230

ST 1! R M i e ko T

along with the str Ity of outer ring
flexibility of 20 other rel evant conponents. Assune the |unped effective

contact stiffness, tghna, Li.ertzian t i.ffness, ctural
flexibility of out eﬁ?‘u{rﬁ‘z&gs@gaﬁ%&@h iy g§8r”fé i es%'&%p%ﬁeﬁfi’ﬁéjbe
denoted as KR cdiitactsplhedolowdng mlegualityslosbegkeldr al | y hol ds true.

=, UOSiI nS-ZSiQ'I Z 25 (1) KSRl J/ where Ks = effective support
stiffness of “loading raller KR = effective contact stiffness between the

| oading roller and thkg sun 30 rollgh and betweegygYe |oading roller and
the outer ring K& = &, FiRg 3 'aﬁlbxééﬁTgflérE[? 1 JAN 2006 WD
g

2004/ 055958 PCT/ US2003/ 039509 S= opéerati ng wedge le (different from
initial wedge angle) To prevent the traction drive 200 from excessive
slip at the contacts, the follow ng inequality nust be held. (2) Ks
=p0si nS-2si nzl M8EsinS-2sin21 2 R\ |J | 111 where km = maxi mum

avai | abl e tractipn: gaghiunt bfdllableltfbaction coefficient.
10 |

The second raceways 248 of the supporting rollers 245 are
placed between and in contact with the first raceway 154 of the sun
roller 1563 and fourth raceways 251 of the outer ring 250. The supporting

" rollers 245 provide appropriate forces at the contacts between the outer

15  ring 250 and the respective supporting rollers 245 {o balance out the
contact forces at the contact between the outer ring 250 and the loading

roller 230. Likewise, the supporting rollers 245 provide appropriéte

forces at contacts between the sun roller 153 and the supporting rollers

245 to balénce out the contact forces at the contact between the sun

20 roller 153 and the loading roller 230. Thus, forces acting on the outer

ring 250 and the sun roller 153 are internally self-balanced.

As can be appfeciated, the frictional forces may also be
generated at the contacts between the supporting rollers 245 and the
outer ring 250 and between the supporting rollers 245 and the sun roller

25 153. These friction forces can also help to transmit torque and power -
. between the sun roller 1563 and outer ring 250.
For efficiency considerations, conventional traction drives have to
) operate with a wedge angle smaller but close to the so-called friction
angle & defined as:
30



The second raceways 248 of the supporting rollers 245 are plackt JAkZi0Ben
and in contact with the first raceway 154 of the sun roller 153 and
fourth raceways 251 of the outer ring 250. The supporting rollers 245
provi de apprﬁ%’r%“%‘@%%r ces at the contacts between the oREWYS20®B/08950% 250
and the respective supporting rollers 245. to balance out the contact
forces at the contact between the outer _§hng 250 and the |loading roller
230. Li'kewi se, the supporting rollers 245 provide appropriate forces at
contacts between the sun roller 153 and the supporting rollers 245 to
bal ance out the Wnt atgt:&g;cg%guat the contact between the sun 20 roller
153 and the | oading ralTer Thus, forces acting on the outer ring
250 and the sun roller 153 are internally self-bal anced. As can be
appreci ated, the frictional forces may al so be generated at the contacts
bet ween t he suppwhereny is thelfastionZobffigient atiibe contaet. ri ng 250 and bet ween

t he supporting rollergs.; and Joller. 25 .. Jhesg fri.ction
forces can also help -lﬁ"dszﬁ%%rﬁ %#E'S'?%ﬂreabg%g%fi@ﬁe@]n%%gmggn h&IOUR r ol 1 er
153 and out er5ri pesittimOof ey loalifngCiotitic 23@ airbedtticatvedds angieny a6 dire Sl
traction drives have to,k operate with a wedge angle smaller but close to
the so-called friedtpdio the,grimuty pesition g ofdhe depding roflgr 236 i ﬂ%@'on to

2004/ 055958 PCT/ a2QR3h#idp8 ¥f thelin(rBlled firsEAiceivad 183WIRY iRsPedi o R

friction coefficient at the contact. This inposes” an undesirable design
constraint on theutgziingis fourth rgeeway B.of the | oading roller 230 since the

wedge angle S is diregd liygicdisd %{yﬁ@qx{aﬁoﬁ WQ),%% %B&igﬁlgédgiéﬁ?ia?e vatid BF

| oading roller 230 in relation T e eccentricit ~of the sun roller's
first racewalD 158ffegtive supppaing stifnesr Ksdgt effedtiva contacy igtiffiessa Kevibjs 251.

e 2 Shom RAMACE, etk pe BB RDORN SRR S AM |
operating wedge angle regardless of the friction coefficient, without
sécriﬁcing the drive’s efficiency. That is to say, the traction drive 200 is
capable of operating with 6perating traction coefficient close to the

15 maximum available value even at a small wedge angle. This allows the
loading roller 230 to be placed at or in vicinity to the azimuth position
ui:orresponding to the widest wedge gap. Consequently, the same
loading roller 230 can be used as a bi-directional loading mechanism,
substantially simplifying the design and 'construction of the traction drive

20  200. |

As various changes could be made in the above constructions
without departing from the scope of the invention, it is intended that all
matter contained in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a limiting sense.

25



possi ble to operate the traction drive 200 at a wi de range of given
operating wedge angle regardless of the friction coefficient, withdal 2006
sacrificing the drive's efficiency. That is to say, the traction drive
200 is capable of operating with operating traction coefficient close to
t he 15 maxi mum avail abl e val ue even at a snmall wedge angle. This allows
the loading roller 230 to be placed at or in vicinity to the azinuth
position corresponding to the w dest wedge gap. Consequently, the sane

| oading roller 230 can be used as a bi-directional |oading nechanism
substantially sinplifying the design ang.construction of the traction
drive 20 200. As various changes could be nade in the above
constructions wthout departing fromthe scope of the invention, it is
intended that all rmatter contained in the above description or shown in
the acconpanying drawi ngs shall be iﬁ&ﬂﬂﬁreted as illustrative and not
inalimting sense.1.25 RAnintggiaterometor and irgclipmgrive comprising: nt egr at ed not or

and traction drive Caomb%.sem) sApPIihg 'polveP Gl aSHBﬁ” gﬂﬁr%%ﬁy ,%hea hi gh
angul ar velocity, the notor conprising a stator , a rotor (150)

whi ch revol ves Metarne@mpsisinga oﬁtafeﬂﬁ'(ﬁo)va? rafoR (1) a\’f’f{:}‘iﬂ é?VOJ)@th‘ltf‘? and a
sun roller (453l~.taai‘rf'| Cbtta%lg%%gm@ﬁ QslodityoaNd Bauh nalick (153)ffieaasnay

154 and a tractlo ower at a high angul ar
\(/el O)CI ty and dthW@Wﬁbﬁc’& havi ﬂg‘}sté?ceyaygg&ra" ngul ar vel oci ts, thg

traction drive (200;) taotgy idsive o(280) forr reeeiving 1fweraat auhigh angutarnenber
(154) of the  SYAerSITaRelTERY e housy 2 3IaERH uidarUelyafy W FacglfiE U0
power at a | essdnve mlmwgmcatgamqn@m) |apaditay rpnametnbey (25ﬂ)l er (230)
supported byt hﬁa\,.ﬁ%lgr é‘%{ tzfem BSeeRtrict EHTL ﬁraq%w@wa;x @%Q%]oitthét engages
with the first rac 0 sun_roll (15 fourt
raceway (251) ofuR fﬂé'e'l H‘FQU*(%W %Mﬁdﬁb’e&“QBH‘O’@’riféfane f or
transferring powRgular velocity, and a loading planetary roller (230) supported by the
| carrier (210) having a third raceway (240) that engages with the first
raceway (1 54) of the sun roller (153) and the fourth raceway (251) of the
15 outer ring (250) forming a converged wedge for transferring power
between the sun roller (153) and the outer ring (250);
wherein the loading planetary roller (230) rotates about a pin
(231) with ah elastic insert (232), the pin (231) being supported by the
carrier (210) between arced wedges (218). ‘
20 2. An integrated motor and traction drive according to claim 1,
wherein the third raceway (240) engages with the first raceway (154) of
the sun roller (153) and the fourth raceway (251) of the outer ring (250)
to satisfy the equation K = 4 sind —2sin2(£) <y, sind '-'ZSinz(éJ.
4 K, 2 2
3. An integrated motor and traction drive according to claim 1,
25  further comprising a supporting planetary roller (245) éupported by the
carrier (210) having a second raceway (248) that engages with the first
raceway (154) and fourth raceway (251) to self-balance internal forces.
4. An integrated motor and traction drive according to claim 3,
wherein the supporting planetary roller (245) comprises a pin shaft (246)
30 supported by the carrier (210) and a bearing (247) affixed to the pin

shaft (246).



between the sun roller (153) and the outer ring (250); wherein the

| oadi ng planetary roller (230) rotates about a pin (231) wth pp jalaseic
insert (232), the pin (231) being supported by the carrier (210) between
arced wedges (218). 20 2. An integrated notor and traction drive ,
according to claim1, wherein the third raceway (240) engages wth the
first raceway (154) of the sun roller (153) and the fourth raceway (251)
of the outer ring (250) to satisfy the equation KsA =p.sinS-2sinZl
2J5P"sinS-2sin' (1) 3. An integrated notor and traction drive according
to claim1, 25 further conprising a sdpporting planetary roller (245)
supported by the carrier (210) having a second raceway (248) that engages
with the first raceway (154) and fourth raceway (251) to self-bal ance

internal forces. 4. An nteqr tor..and tractiaon drive acgording to
claim 3, wherein thé'sup%ﬂpﬁ‘?q@tegﬁg ta%\dQ%;g?’?g Ve(afﬁgﬁd'"@gﬂﬁﬁ'@és a pin
shaft (246) 3Ofugth@pcrh@itingya hbesing aifixed tq theOdtatan (1 49) hedthengafi24 7)
affixed to the pj : : i B4\ ed not or
and traction dr@bg) g%@@%lﬁ%%t@%e g%gfﬂ%blpg?qﬁ%wér?sugor?rpﬂ?i(lélggﬂgaqua%ousi ng
affi xed to the foudhbore((248))forsvpporting ocater rieg (250210) having a first bore
(125) for supporting the e of re.273) for
supporting g%)ter ri %g (Zégwe%%’?’kﬁéi nt e%#ggnegwr?o%géﬁgwggtc%gé%fon drive
accordi ng to clwaheeB the haesieg ¢pmipiEesiousi ng conprises: a notor housing
(110) attached to thg sadfHoBEIng P14@) aftdithedltd kﬁ&%rﬁé?{zfd}%nﬁtaﬁx% 6 140), a

not or cover (120) attached to the notor housi n% (1 0?9( havi n?'ea first
bore (125) for hEsRIPLIAY. ametdnseverdiiz@)atiaghed o the motaripausing(idQh pi at e
(130) attached hgvindna firsttsure ¢TREY o SRPpriing thesun eolich¢153)Na beatihgr ( 153) ;

2 fourth boll (SPREID ekl FRUAGTERIS, (186) BEHAR wiesih having

roller(153); and

a traction drive housing (270) attached to the carrier (210) having |
a fourth bore (273) for supporting the outer ring (250).

7. An integrated motor and traction drive according to claim 1,

15 wherein the loading planetary roller (230) comprises:

a support bearing (235) having an outer race (237) and an inner
race (236), such that the outer race (233) of the support bearing (235)
engages an inner surface (239) of the loading planetary roller (230)
allowing the loading planetary roller (230) to rotate freely;

20 the elastic insert (232) having an outer surface (233) and a center
hole (234), such that the outer surface (233) of the elastic insert (232)
engages the inner race (236) of the support bearing (235); and

the pin (231) being engaged with the center hole (234) of the
elastic insert (232), such that the loading planetary roller (230), support
25 bearing (235), and elastic insert (232) are supported by the carrier (210)
" and the third raceway (240) of the loading planetary roller (230) engages
the first raceway (154) of the sun roller (153) and fourth raceway (251) of
the outer ring (250) forming a converged wedge for transferring power
from the first raceway (154) to the fourth raceway (251).
30 8.  Anintegrated motor and traction drive according to claim 1,
wherein the carrier (210) comprises:



7. An integrated notor and traction drive according to claiml1, 15
wherein the | oading planetary roller (230) conprises: a suppoih\pﬁqm%ng
(235) having an outer race (237) and an inner race (236), su at the
outer race (233) of the support bearing (235) engages an inner surface
(239) of the loading planetary roller (230) allow ng the |oading

pl anetary roller (230) to rotate freely, 20 the elastic insert (232)
havi ng an outer surface (233) and a center hole (234), such that the
outer surface (233) of the elastic insert (232) engages the inner race
(236) of the support bearing (235); and the pin (231) being engaged with
the center hole (234) of the elastic didsert (232), such that the | oading
pl anetary roller (230), support 25 bearing (235), and elastic insert
(232) are supported by the carrier (210) and the third raceway (240) of

the | oadin | anet ary, roll engages he, fJ. r.st racewa 154) of

t he sun Irolgl gr (153)"‘y%€7'r°'3 P%{?r g@?é’@@\ﬁgygme Z%‘g)tfﬂ%SBER"éP"Q/i* o) ()250)

-form ng a convdoaging pladgranf milett {230) facthird bgrep(@A) for fsupporting the so  r aceway
154) to the f t C . i tor _and traction

<(1Iri v)e accordi ngbj'ﬁeﬂﬁ:ﬁl Weéé%éif&r %@Rpﬁ)gr g?ér %%b@?%%ngeg%ﬁ%&: 11 J:AN

7006 -13 a basd24¥)aamd arzed vetges (248 apd nhol e (215) for supporting the

| oadi n | anetary raql | 7 u i the sun

roIIerg(ESB?f pi%ho?eéﬁ%ﬁ%%?ng%ég%@%%gg?gﬁfPﬁéééﬁgég???%gggﬁéﬁggary

rol lers (245) pinhule @18ktor seprpsting the doadingripretary edlee(239) and a(lwk®) af f i xed

to the base pl qgga)(fg,m()sﬁh§merggma}o"eqi({ggq_l e (215) for supporting the
| oadi ng planetary roller (230) and a hole (223) for hosting the sun
‘roller (153). 10 15 20 '
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