H gh Torque, Low Inertia Direct Drive Motor Field of the invention 5The
present invention relates to a new direct drive rotary notor design which
uses an iwoepisaisaioer core and an outer stator core, W tlpcragneti®osno bet ween
the two stator cores, attached to a rotor structure, w thout any nagnet
back iron. The notor is HightTeeque, Loednattiadinect DriveMotogs, and feedback

devi ce such as a rotary encoder or a resolver. The invention provides a
notor with a lowrotor inertia, but with higher torque output, and is

sui t abl e f orField ef thainvergioor y 10aut onat i on. Background and di scussi on of
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Therefore, in recent years, direct drive rotary servo motors have become more common, and
are replacing more and more conventional brushless servo motors in applications. The direct
drive servo motor has a bigger diameter and produces a larger torque, which enables it to
drive the load directly without any transmission device. Since the torque required from a
30  direct drive rotary motor has to be large enough to drive a load directly, various methods have

been used to increase torque output.

Fig 1 (prior art) shows a conventional direct drive motor. The motor comprises a stator 11,
which is typically made from stacked laminated silicon steel sheets, with coils 12 surrounding
35 the teeth of the stator 11. Rare earth magnets 13 are placed on the outer diameter of the rotor
14. The rotor 14 can be made from a solid piece of magnetic steel which has very good
permeability, or it can be made from stacked laminated silicon steel steels like the stator 11.

The magnetic flux circuit 15 shows that the flux flows through the magnets with different



polarity, and the flux is closed on the stator coil back iron, as well as
the rotor magnet back iron. US Design patent No. US D565,617 S illustrates
a di rect woiess/mRioor using the conventional 5 design degcrisiced 1abeée.

I nstead of an inner rotor, another US Patent No. 4,853,567 describes a
direct dri vepomitypandwthé fluxaiB clofa @h titstatod toibiadk RoH, @9 wélDisakie rofor Ragnet Bk MOENt
of inertia of ! rotating object is proportional to the square of the

di stance betWWen the centre of rotation and the centre of mass of the
object, with an outer rotor, the rotor inertia becones significantly
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descri bed i nalgfs. patent application US 2011/0101810 Al, where two rotors are
connectegy in series to increase the torque output. A disadvantage of this
design is that the notor becones longer in the axial direction, which is
20undesi r abl B ipgreseihplorasaef atisct driverreoterhenc ancthed wsedhisitqyadd ceabing forthd metor. \Mhat i s
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stator cE e RANMRMatiniice 5t 1AdsO facifiRdsQdds\ i cd¥BBNQEHE shdh ab@kopeen the two
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The design is further integrated 30with bearings, and feedback device such
as a rotary /Awthedesy Orinereso thegprqueroff 4 motor Ghiesaibedin U gatem \appitchticm B$ gh
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and a circular inner sfator and a plurali nets formng a circular
ring of mag G %vantage of this des:gn ?é that the motor%eco es (f)ongerrr?'rg the axial d?rectlon gWthh is

20  undesirable for applications where there is a height constraint.
What is desirable is a motor with a low rotor inertia, but with higher torque output.

Summary of Invention

25
It is an object of this invention to provide a direct drive motor, with increased torque, and
reduced moment of inertia, to achieve higher dynamic performance. The invention uses an
inner stator core and an outer stator core, with magnets in between the two stator cores
attached to a rotor structure, without any magnet back iron. The design is further integrated

30  with bearings, and feedback device such as a rotary encoder or resolver.

A first object of the inventive high torque, low inertia direct drive motor comprises a
circular outer stator and a circular inner stator and a plurality of magnets forming a circular
ring of magnets,
33
the ring of magnets held by a support structure, said ring of magnets positioned

between the circular outer stator and the circular inner stator with an air gap



35 the ring of magnets held by a support structure, said ring of magnets
positioned between the circular outer stator and the circul ar inner stator
wi th an awo 2gmsm324eet ween t he nmagnets and the circul ar oetcersGad@atoossoand an
air gap between the magnets and the circular inner stator; the circular
out er stator héaeiween the phaghedd hridythefcirtuttduter Stafoh@ndCaut @ivllgay betwaer thet at or

having a plural ity of teeth, coil e wound around the teeth of the
. ! %gkt d
circul ar inner nl% aetsor anecfgrfﬂaer lg?err(?:uﬁt ar outer stator; 10such that the

plurality of teeth of the circular inner stator are aligned in the sane
radi al directi R gRufabGud Wié dalivg Qfptd @) Pr REmt e circular outer stator.

PreferabIS\{, the support structure is assenbled with a bearing to a notor
housi ng. 215Preferably, the air gap between the ring of nagnets and the

circul ar outer ydctir iane stahe mvihg G3furial WeeRtt he ring of magnets and the
circular inner stator are of the sanme height. Preferably, the support
structure is nmade from |l ow density non magnetic material. 20 Mre

advant ageousl y coils e wourplddund the keeth tofithe circhlatrmircher statop andatheitculemnouteAbtater; nat | vel y,
the support structure is made fromfiber reinforced plastic.

10  suchthat the plurality of teeth of the circular inner stator are aligned in the same radial

direction as the plurality of teeth of the circular outer stator.
Preferably, the support structure is assembled with a bearing to a motor housing.

15  Preferably, the air gap between the ring of magnets and the circular outer stator and the air

gap between the ring of magnets and the circular inner stator are of the same height.
Preferably, the support structure is made from low density non magnetic material.

20  More advantageously, the support structure is made from aluminum.

Alternatively, the support structure is made from fiber reinforced plastic.

The support structure can also be from resin material.

25
Preferably, the support structure has pockets which are machined for mounting of magnets.
Preferably, the high torque, low inertia direct drive motor has a feedback device mounted in
the motor, such as an encoder or a resolver to provide position feedback for servo control.

30

Preferably, the high torque, low inertia direct drive motor has a combination of the slot/pole

of 18 slots with 24 poles.

Alternatively, the high torque, low inertia direct drive motor has a combination of the

35  slot/pole at 18 slots with 16 poles.

(8]



The support structure can also be fromresin material. 25 Preferably, the
support structure has pockets which are machi ned for nounting of nagnets.
Pr ef er ablwo 2bfs3hiogh torque, low inertia direct drive netosches/oacdeedback
device mounted in the notor, such as an encoder or a resolver to provide
posi ti on feddhaglossibde tigetighGoad) tawoinertid Qirder dvivermadddrihas tah eoribigdfion asfqe, | ow
inertia dire V. conbi nation of the slot/pole of 18 slots
with 24 pole ?(}uPQELt ﬁﬁfs?st&{hal'ltal%@g y, the high torque, low inertia direct
drive notor has a conbination of the 35slot/pole at 18 slots with 16 pol es.
[t 1S possi b & bieyi 4b ﬁ@mm@c, 1b0 Whel A Sdrkd: Qrift H 6! nafllal UnFREGH P 2
conbi nation of the slot/ 21 slots with 16 pol es. I's possible
t he hi gh5[orséﬂ.‘{éde?to%sf%‘?“fhlzépﬂlfzsrect drive m)tor has a conbi natl on of the
5slot/pole at 27 slots with 24 poI es. It is also possible the hi gh torque
low inertia 8¢t drive notor conbj tlon
sl ot s/ pol es Pﬁsa SWS’FSKM?AA%} hh‘glh'i”ré‘ge E‘hw 'é'émf) ‘{fg{ﬁ""%g‘&é’& o\ e(Sﬁo ullbai%f"éf erably,
t he hi gh t orofuembérofislétsipaldsi that sorkewith thhed phaserbotsbiess lqeramutationc oder sensor or
read head nmounted onto a notor housing inside the support structure, such
that a c bl sor or read head. can go. through an inner, hole of the
not or, ﬁ’ﬁe’éb‘%é‘?e*“ torap lypingfa i driveymefog ey ‘3}‘“9 hEr ghretbiatie, | ow
i nerti a d| remctumdql pntea mpotor hoosigg iasidectho supporti sttuetdret sich that a rvalge oflibe sengr of t he
bearing whi | kel Rgh ddVeroBhlaf lindel Afle SRR AhbugHY balcdftnk ¥bley, the high
torque, lowinertia ditect drive nmotor has a rotor is nounte ‘to the outer
ring of the bearing while keeping the inner ring stationary.

Preferably, the high torque, low inertia direct drive motor has a rotor mounted to the inner

15  ring of the bearing while keeping the outer ring stationary.

Alternatively, the high torque, low inertia direct drive motor has a rotor is mounted to the

outer ring of the bearing while keeping the inner ring stationary.

20  Brief Description Of The Drawings

Fig 1 shows the cross section view of the motor of the prior art.

Fig 2 shows the cross section view of the direct drive rotary motor according to this

25  invention.

Fig 3 shows magnets mounted on a support structure.

Fig 4 is an expanded view of a cross section of a part of the direct drive rotary motor.

30
Fig 5 shows a fully integrated direct drive rotary motor according to the invention.
Fig 6 shows another embodiment of the fully integrated direct drive rotary motor according
to the invention.

35

Fig 7 is athird embodiment of the fully integrated direct drive rotary motor according to

the invention.



20 Brief Description O The Drawings Fig 1 shows the cross section view of
the notor of the prior art. Fig 2 shows the cross section view of the
di rect drweeorsaaoy notor according to this 25i nventi onpPcCFisg281190e08
magnets nmounted on a support structure. Fig 4 is an expanded view of a
Cross sect i dbetsiled Desaiption fof Pheferdéd Exabodiinemte rotary notor. Fig 5 shows a
fully integrated direct drive rotary notor according to the invention. Fig
6 shows anot her enbodinment of the fully integrated direct drive rotary
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There are ai?PdgRedesbet ween i nner stator teeth 44a, 44b, 44c and the
magnet s 183a, 23b, 23c. In Fig 2, the direct drive rotary notor has 18 slots

and 24 poles, 15 It c bses.ved, t 3a. ,.23b, 23c .are not
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be magnéfi c aateyialpan heesed. dhp swtrtid @etdriot bsmpeneticallyspermesblgbecagst thisewpperdt cl ose
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possi bl e desi gn .inyol ves machinin ckets in the su rt structure 31 that
fit the mag °§S"§%§?S‘g2ng’“%E“E‘%'&%PF’\%‘S *f'h‘E‘i %‘P%ﬂ"es”t‘ﬁ‘éfgﬁg&‘ﬁ‘effs‘éhez‘é"é}‘e‘?3b, 23c
are fixed e&83a|2pb, IBcexidipi rTheefpe tei magngo i 28 23ndreofixedrdasilyi b, théir g 3
shows the MRgp&tive ;%giﬁon #nd Brienfafion. ?%e:}rsrhg\gs th@ﬂ)?gntat@eﬁa, 23b, 23c inserted into the

25  pockets of the support structure 31. The faces of the magnet 23a, 23b, 23¢ may be flushed

with the surface of the support structure 31. Alternatively, the magnets 23a, 23b, 23¢ can be
slightly thinner and may be embedded into the support structure 31. The magnets 23a, 23b,
23c can be fixed onto these pockets holders and held thereto by strong epoxy.

30 Fig4isaexpanded view of a cross section of a part of the direct drive rotary motor with
magnets 23a, 23b, 23¢ having alternating polarity, and which is facing on one side the outer
stator 21 and facing on the other side, the inner stator 25. The inner stator teeth 44a, 44b, 44¢
are aligned to the outer stator teeth 46a, 46b, 46c, although the inner stator teeth 44a, 44b, 44c¢
are smaller in size. The direct drive rotary motor is designed such that coils of outer stator

35 22a, 22b, 22c¢ has current flowing in the same direction as coils of inner stator 26a, 26b,
26¢, which is negative as shown in Fig 4. Similarly, outer stator coils 22a, 22b, 22¢ and inner
stator coils 26a, 26b, 26¢ have the same direction of current flow which is positive. The flux

circuit 48a cuts across magnets 23a and 23b in a radial direction, so that it is parallel to the

5



25 pockets of the support structure 31. The faces of the magnet 23a, 23b,
23c may be flushed with the surface of the support structure 31.
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positioned between the outer stator 55a and the inner stator 55b, with equal air gaps between
the magnets 51 and the stators 55a, 55b. Coils 56 are wound onto both the inner stator teeth

and outer stator teeth (not shown). With this configuration, the rotor has a very low moment
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Fig 5 shows a fully integrated direct drive rotary notor according to the
i nvention. The magnets 51 are held to a noving structure 52, which is the
rotor of wbeomaisefo1 The rotor 57 is 35 assenbl ed with aprbeaGoug/0b6B0b0 t he
notor housing 54. In this way, the nagnets 51 are positioned between the

outer stat orof‘i&aiaahdtqthefai:tnluaers de¢sabOiravé ey, badk itdn. Bguetbr mtcnagalprScahebueen t he

magnets 51 %Qs%y%a@érﬁf SingP > neéi‘ét}lot Sprl §c§ll€%§ﬁ%‘f@qm%ﬂ9qe gnttshe | nner

stator teeth and outer sfator own I'S”con uration,
the rotor haemaenyefr'yewwoﬂmﬁb;%efwdba@fdewfsrewb& igitadled ¥ ap Qptiongyorthat mftdlrpfé does
not heve anydrb'a&ifquemt’ba cahlbe rinGh ﬂbseﬂﬁbﬁ&dn&f)ll &laServe mbtoR & xasolﬁemglemﬁitdry _
materi a e it .nee net.i ca e t her.e uci ng
its m)rrent o) |‘r11eerS lvers f%r mlge}i\”?% gbapcuﬁpo e&%%ﬂeq#e”eﬂvlﬂngt d%gs an
option, so tdsmbe @h@tazﬁng eehofdn gngeder, ovhije e resalvar stetarﬁ&yen bathe wnsm:kqaéb@dl oop
control, as ¢ a®&ic¥der, WhkRkhe efcoti§@ T BeRe oplidaltyBe Wil HdiskSor é niABskeib 8L ver stator
58 can be used for this purpose. Simlarly, the resolver with a rotor 57
can be the rotating disk of an encoder, while the resolver stator 58 can be
t he sensor rEaf shveadnatier enbodimpoteT the vfme'rimegrhtei directoliee rotaaymber 4deerdiopt i cal
type witfp a elt%Inosntlsyexm%mﬂa{pe cdntigrfion,NQHEe axn@ﬁéa@& 05%1@ fldlmént of

the fully inte u8rate di rect drlve rotarépm)tor accord

i nvention. 1Y & B8 Sorehile e encadrr rg %i‘fil%l‘f‘m%@?@‘ﬁ‘hm@ﬁblﬂﬂé‘f’g@f'ratl ng 61
i's nount ed tSinchie encdder reilPhead\bld Isdixedh® thninsidesf theemotohimasingS @4, itle dablawes ed t o
the notor hqygi 84 i 10k S thb 6 is fixed to the inside
of the notor ho%g? ngmél4 0 ﬁe gag @Eré%%t%%g }:&g%qﬂ?ﬁg i nner hole of the

not or, through the base of the notor. 15Fig 7 is a third enbodi nent of the
ful ly intSegrrg ®ds dithier embadinvet 6f0thar Hillyrintegrated Aizaat diuagotwntohﬁea&damttbon I'n
this third o] tQr othelnner
ring of the%ﬁ%g?&%ﬂﬂgf' {hlsc“tﬁ1 Pife %ng)ldalﬁite}tlt 03 ’c% Ei?gratlio% 816 r(lt?r I%Tﬁl ear I lhe mrg:é shown
in Fig 5 andingiogths. *ngﬂltmﬁesd ehtho eyteraive Ofthﬁé?eqf’@gaﬁhﬁg" imiEe jagd Fgﬁreduced
further sincwith A8 eRibBdimet, tHaR&Sting iiketiaQf retiited REHEH siide fh@%ﬁﬁl&ﬁlﬂﬂ@‘ﬁr@ drhe outer

ring is keptthest; atnlgcg& g%whl%g}eoutesrm lS!gegpseatlnot ed that the different
configurations or 0 FEl AR e exanpl es of the present

inventi 9. Qther conceivabl e conbinations are possible but it is understood

that such var k@hidoRs nétéd R &ﬁf&rb&%nﬁ@unow srthédboii@n® ps!hsuvrt nas scope of
the inventi on. ?dvanta eous

% } (gh vention E;};rect drive
rotary mot or P PIEed | W BEF m?ﬁ"f’% qrcfg‘éfe‘d?qleeﬁ(f"?%"auwstaﬁ%ﬁ ssiglgyPut s ssi on
devi ce. Thi sindasteodetbattsueh magiations aofmadifentions faf withie theospiriti ang soepet of fbr eover,
an encoder Qfvention.
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Advantageous Effects of the Invention

This direct drive rotary motor is designed to drive a load directly, without any transmission
device. This reduces the moment of inertia of the rotating part. Moreover, an encoder or
30  resolver can be mounted to measure the rotation position directly. Any inaccuracies due to
backlash are eliminated. Any wear and tear associated with transmission devices is also

eliminated.

With this invention, since there are two sets of coils, one set in the outer stator and another
35  in the inner stator, the torque produced is much higher than the conventional design which

has only one set of stator coils.



30 resol ver can be nounted to nmeasure the rotation position directly. Any
i naccuraci es due to backlash are elimnated. Any wear and tear associ ated
wi th tranwoiesiemodevi ces is al so elimnated. Wt h trcs/sicavanbeon, since
there are two sets of coils, one set in the outer stator and another 35in
the inner stee@dtor Wv&ﬁ%ﬂ%n{éﬁmuﬁﬂi@ diicbto PGt fhhtghﬁks ﬁohﬁd%hﬁ‘ﬁbaﬁﬁ)ﬂé&ﬁnti onal

d whi ch_h t of sfat t |
momont of | nFy PEF GUREFROCR S by ST T dron i N, B0, PRI U The

rotor mat eriimegbln theeby redvvingl @nsiomgnt wﬁmmaaﬂlrthes iWithea highen eteqis and tlovize

magnet i cal | yindgd e aRafic Cﬁemofﬁgﬁﬁﬂéﬁaﬁcw. of inertia further.
Wth a hlsgher torque and lower inertia, the dynamc performance of this

notor is “enhanced greatly. 5 10 15 20 25 30 35 dains: 1. A high torque,
low inertia direct drive notor, conprising a circular outer stator 21 and a
circular inner stator 25 and a plurality of magnets 23a, 23b, 23c formng a
circular ring of 5magnets 23a, 23b, 23c,
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Claims:

1. A high torque, low inertia direct drive motor having mounted with an encoder or a
resolver, comprising a circular outer stator 21 and a circular inner stator 25 and a plurality of
magnets 23a, 23b, 23c and forming a circular ring of magnets 23a, 23b, 23c,

wherein the ring of magnets 23a, 23b, 23c is held by a support structure 31, said
ring of magnets 23a, 23b, 23c positioned between the circular outer stator 21 and
the circular inner stator 25 with an air gap between the magnets 23a, 23b, and 23c
and the circular outer stator 21 and an air gap between the magnets 23a, 23b, 23c
and the circular inner stator 25;

wherein the circular outer stator 21 having a plurality of teeth 46a, 46b, 46c¢;

wherein the circular inner stator 25 having a plurality of teeth 44a, 44b, 44c;

wherein coils are wound around the teeth of the circular inner stator 26a, 26b, 26¢ and
the teeth of the circular outer stator 22a, 22b, 22c;

wherein the plurality of teeth of the circular inner stator 44a, 44b, 44c are aligned in the
same radial direction as the plurality of teeth of the circular outer stator 46a, 46b, 46¢, and
the encoder is arranged to provide position feedback for servo control, wherein the encoder
comprises a stationary part that is mounted onto a motor housing and a moving part that is
mounted to the support structure 31 that holds the ring of magnets between the circular outer
stator and the circular inner stator such that a cable of the encoder goes through an inner hole
of the motor through a base of the motor; and wherein the motor is a combination of the slot
pole at 18 slots with 24 poles.

2. The high torque, low inertia direct drive motor having mounted with an encoder as
claimed in Claim 1 wherein the support structure 31 is assembled with a bearing to a motor
housing.

3. The high torque, low inertia direct drive motor having mounted with an encoder as
claimed in Claim 1 wherein the air gap between the ring of magnets 23a, 23b, 23c and the
circular outer stator 21 and the air gap between the ring of magnets 23a, 23b, 23c and the
circular inner stator 25 are of the same height.
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4. The high torque, low inertia direct drive motor having mounted with an encoder as
claimed in Claim 1, wherein the support structure 31 is made from material selected from
aluminum, reinforced plastic, and resin material.

5. The high torque, low inertia direct drive motor having mounted with an encoder as
claimed in Claim 1 wherein pockets are machined for mounting of magnets 23a, 23b, 23c.

6. The high torque, low inertia direct drive motor as claimed in Claim 1 having a
combination of the slot/pole at 18 slots with 16 poles.

7. The high torque, low inertia direct drive motor as claimed in Claim 1 having a
combination of the slot/pole at 21 slots with 16 poles.

8. A high torque, low inertia direct drive motor having mounted with an encoder or a
resolver, comprising a circular outer stator 21, and a circular inner stator 25 and a plurality of
magnets 23a, 23b, 23c, and forming a circular ring of magnets 23a, 23b and 23c,

wherein the ring of magnets 23a, 23b, 23c is held by a support structure 31, said ring of
magnets 23a, 23b, 23c positioned between the circular outer stator 21 and a circular inner
stator 25 with an air gap between the magnets 23a, 23b and 23c and the circular outer stator
21 and the air gap between the magnets 23a, 23b, 23c and the circular inner stator 25;

wherein the circular outer stator 21 having a plurality of teeth 46a, 46b, 46¢;

wherein the circular inner stator 25 having a plurality of teeth 44a, 44b, 44c;

wherein coils are wound around the teeth of the circular inner stator 26a, 26b, 26¢ and the
teeth of the circular outer stator 22a, 22b, 22¢; and

wherein the plurality of teeth of the circular inner stator 44a, 44b, 44c are aligned in the same
radial direction as the plurality of teeth of the circular outer stator 46a, 46b, 46¢, and the
encoder is arranged to provide position feedback for servo control, wherein the encoder
comprises a stationary part that is mounted onto a motor housing and a moving part that is
mounted to the support structure 31 that holds the ring of magnets between the circular outer
stator and the circular inner stator such that a cable of the encoder goes through an inner hole
of the motor through a base of the motor, and wherein the motor is a combination of the
slot/pole at 27 slots with 24 poles.
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9. The high torque, low inertia direct drive motor having mounted with an encoder or
resolver as claimed in Claim 1 wherein the encoder sensor or read head 63 is mounted onto a
motor housing 64 inside the support structure 31, such that a cable of the sensor or read head
63 goes through an inner hole of the motor, through a base of the motor.

10. The high torque, low inertia direct drive motor having mounted with an encoder or
resolver as claimed in Claim 1 wherein the rotor 57 is mounted to the inner ring of the bearing
53 while keeping the outer ring stationary.

11. The high torque, low inertia direct drive motor having mounted with an encoder or
resolver as claimed in Claim 1 wherein the rotor 57 is mounted to the outer ring of the

bearing 53 while keeping the inner ring stationary.
12. The high torque, low inertia direct drive motor as claimed in claim 1 or claim 8

having any other combination of number of slots/poles that work with three phase brushless

commutation.
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