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TECHN QUE FOR A BRUSI i LESS MOTOR BACKGROUND OF THE | NVENTI ON 1. Techni ca

“ Field; The present invention relates in general to a current node pul se
wi dth modul ation (PWW technique for brushless notors and mm, lmm,mmm to
a systemand nethod for controlling a brushl ess notor by i
decr easi ng not or speed respectively according to the positlve 9ak&r|ty or

negative polarit ﬁq YR RVt wherein
t he- PVW si gnal varles acco 0 an error S|gnal generatecﬁ'ﬁs g derived
between the difference of a de5|red not or speed and a current notor speed.

2. Description of the Related Art: Varigus sy met hod

controlling the speed of a E%ﬁ§ﬁ?8§§nr’r8?o?n§cié$€§ﬂ€8ﬁtl onal W’mmmmmm 'm
system and nethod involves using a pulse width nodulation (PW) sggpal to
directly control the power switches to the brushless notor. For exanple, a
t hree phase hot orTeghnicahBieldee upper switches and three |ower swtches
to control the brushless notor. A pair of upper and | ower switches is used
to control each phase of the brushless notor. In this prior art system and
met hod, the PWM sTkgfnaprwmtoi@wtm‘el@musﬁl@%%s ot ogeneral ne@ner such that
the six swtghes t r ff or

sl ow down t he nﬁ?@?qgggéggu%ﬁg &fﬂ@?g¢5§u dl?£ ?ﬁ@?éa@%ﬁhﬁg %gv?%g t he PVWM
si gnal acti vateshkespoweosi arfhetnt payk %l@hetmmsystemtand Bethod 2a0 .
2 and motor speedis: JPEfEaSE bR RAYL Anb b5y YW shopals ggchivate the
power switches to shut © e notor her ef or e, e notor~is continuously
and repeatedd@CB®W$nm@dwb@®meepeedsreﬂp@mﬁl@¢lys@@@@gdl@@ut©|hge n ful
power excitati i t o] RV hat use
brushl ess ngé%$ft%&eg$$%%£$€g b?g?Qéaﬁféf ?89991%¥e$fs%§$§%%éargth

exi st ence |nn@@@l@bn@utéPWMietdntzné sy@@abfwh%p@l@rth@ P¥Mchignali near
Tape Open ( n eel s a r f e els is
a supply ree ndé %gé%ﬁﬁlﬁ&DFB %e ?g%o%egf%MQP éHeEQEeQ ?%g dg%ﬁgégupply
reel is driveatbsen tShppiiyffesenaet of ahdesireed m%k@ruﬁpﬁéélané driven by a
take-up reel . APLOK+ &pgﬁfog algorithms are used to control the speed of
these two notors. For these types of tape drives or tape transports, the
position and velocity of the tape need to be controlled. The control

al gorithms requirgelhg; QRSB”bEaEHQ”RQEaEQQ Regition and velocity of the
tape in order to property control the speed of the reel notors. The two
tape reels, tape, and two notors that drive the reels are considered a

D amre” ANt GEEELNESULERD! EnhMRULAOADI-RI OV 65 HULLLBh QUL UL S,
For exanpl e, inputs o th are continuous currents to't tors for
controlling the ﬁD@@dsOfTheb@u5b&€§SfWGﬁPFhe Qnan@oaV@ntapéa&ep@epﬁy t ape
t ensi on, a“da£€p§ QE%M hﬂﬁ mZ'ESS& &)ﬁ%iv@é B@Eﬁ‘ dé' iﬁ‘éi EeRyLEg that a
desired notor Z or the tape drive be co ﬁ t he actual notor
speed in or d@@dvbabmpeﬂﬁ’w«toﬁﬂ-gaalt ke dapecpg §| Fpaﬁraﬂadtbél Bewey. If the
desired ”Dt05w§EéﬁQs'EonEBeeBBﬁEhigsEhﬁo€SEU3|FHPtQkaEBQEd atﬂﬁ@e%he not or

needs to be driven fromthe actual notor speed to the desired , O
phase motor would have three upper switches and three

lower switches to control the brushless motor. A pair of
upper and lower switches is used to control each phase of
the brushless motor. In this prior art system and
method, the PWM signal controls the brushless motor in a
manner such that the six switches are either on to excite
the motor or off to turn off or slow down the motor
speed. Thus, motor speed is increased by having the PWM

signal activate the power switches to drive the motor,



'3, ~ 2 UL"202 3 notor speed. It is therefore advantageous and degjl_rjb_bﬂ@[]ﬂo
~provide a system and nethod for controlling the speed of a brushless notor
“according to and based on the difference between a desired notor speed and
an actual notor speed. It is al so advantageous and desirable to provide a
system and nmethod for controlling the speed of a brushless notor that uses
a PWM signal that does not require the continuous and repeated turning on
gnd of f of tlaelfdnﬁto%rorbtstpetematisalde@mseat;h:g Mws{)a:vasﬁ_; Imieoergo stieyrednt i nuogsl y
riven. It is further adyantageous a esi.rable to i de system an
met hod for cOSBFEVALS t ?ﬁg@f S RETs O S8 U O ¢ n\?%é?y'a PV
Ei gngl for hccr(&}re]gc]fgzlfloiﬁ?eg tﬂgﬁ eed (11::.]3 a:_d@rudisiﬁoemynamg reeeetddly toI and
ased on the di, rence between a desire tqr .speed and .an actu not or
speed. 1t i SHHOReY £5 LRRI Cago sl i esiTEHE £ phdvitde 0 Sdem and

met hod for ceeied ldxtd tate oipaed dife alilredstilons D rimeiodrst Rindikiwsed in a

tape servo systemand nethod. It is still further advantageous and
desirable to provide a systemand nethod for controlling the speed of a
brushl ess notor b QI iF RN RO WRh1Rs s M tyisle sy iRt Geels 31

J UL 2002 -4 SUMVARY OF THE INVENTION It is therefore one preferred object
of the preseff FAREHtEGN ABRINGH FYsEe RS 3dif dfd STt s Tt dftS ol 1i ng t he

speed of a bibsih g%y MOtarg aceHditiphd @ Ahgrasad vy therlidd argneg bet ween
a desired notor speed and an actual notor speed. It is another, preferred
obj ect of th&apeSHAN i i dMVY iR eSS tdmERe tsisdF sine

control ling td¥e tyReadidir ey Ushlesfugptiorrddiataris asmed JMNdsigmalnd hat does
not require the continuous and rﬁgfated turni ng on and off fgtihe not or but

that allows tHE FHEFEH s Mot 18 Feelont i Hifo rHRP1aF iR ISLER yr t her

preferred obigcta Gfugdisy Heasientot oW aiilen die A0 -d a saistiamanid,gret hod
for controlling the speed of a brushless notor that uses a PWM si gnal for
control ling tHe as&@éifp"d?p FHUM S B Ee FEHG T SfF D drP t he

di fference bejomrervla tdesidmebd i Ortsgae v dhaiv B! Uato MiidsSpegseks It 1S

still o furthe orelofrslonl sq el (NSRSt Lyemion o Arpvide a

system and
velocity of the tape need to be controlled. The control
algorithms require the determination of the position and
velocity of the tape in order to properly control the
speed of the reel motors. The two tape reels, tape, and
two motors that drive the reels are considered a plant.
The plant receives multiple inputs and provides multiple
outputs. For example, inputs to the plant are continuous
currents to the motors for controlling the motors. The
outputs from the plant are tape velocity, tape tension,

and tape position.

These types of tape drives require that a desired
motor speed for the tape drive be compared with the
actual motor speed in order to properly control the tape
position and velocity. If the desired motor speed is not
eunl to the actual motor speed, then the motor needs to

be driven from the actual motor speed to the desired



N

* ret.hdd for controlling the speed of a brushless notor that

i S
_tape servo systemand nethod. It is still another preferred ?opleggjtb&m
present invention to provide a systemand nethod for controlling the speed
of a brushless notor based on armature positions of the brushl ess notor.
31 J UL 2002 4~ - One aspect of the i%wvention is a systemfor controlling
a notor speed of a brushless notor, said systemconprising: a notor current
sensor couphedotro spleednot At fier t$ersfiog ear dartnialgemstsoancudesitradps i ed to

the notor, said_notar current senspr includi ng: rhnent S sj stor
coupled to iﬁ’ EECTA v 6 tsé(ﬁé:eﬂleiaﬁléioért?ﬁ})ioéiédfto&g tcﬁgt%tlc}ﬁr}lgn}%a% r egerdence
vol t age; andfaar atishlerss totplreddoridismge o emd oarssel rogsitdteor, t hat
generates the actual tor currenf havi n _appropyiate magnitude and
polarity; a reér?tnccegr%ﬁ S 3 lerc?cfng;ocrurslp&ﬁp % raéh%eqta t he
actual curr epttorwsgeeidn t e dw 8o cRIRataigEousorpRl ek dineakely rent
reference and the actual current an

rates ,an.er.ror signal; | se
wi dt h modul BEEV1%€0dplSdd 58 aRe & nrﬁooﬁ“rﬁa?r%rr&l ltr}%lttsrbegrﬁpeéretcg cﬁie error
signal to aaCMeINeRE RO HIH Ierad didesredwia ed @ialortistgndes seotd

pul se-wi dth rrers%%%.lraet %%eercrocx)lrtishiu%rll.xasl abnecl r}:gepceoa elde C!:utr%isnac_:} dor{ eacxgé- fcin‘:e fof
the motor but that allows the brushless motor to be
continuously driven. It is further advantageous and
desirable to provide a system and method for controlling
the speed of a brushless motor that uses a PWM signal for
controlling the speed of a brushless motor according to
and based on the difference between a desired motor speed
and an actual motor speed. It is still also advantageous
and desirable to provide a system and method for
controlling the speed of a brushless motor that is used
in a tape servo system and method. It is still further
advantageous and desirable to provide a system and method
for controlling the speed of a brushless motor based on

armature positions of the brushless motor.



armature position sensors that sense armature positions of tEf ”3&fﬁ’2ﬁ02
conirut at or havi ng out puts and having i nputs coupled to the p 1e t

" nmodul ator and the armature position sensors; and power sw tches coupled to
outputs of the comutator and also coypled to the notor, wherein the
commut at or controls activation and deactivation of the power swtches based

on the pul se-w dth nodul a r | | the notor at a desired
not or speed t hat correspo%g&mﬁkﬁtmmeﬂa&pﬁ&wce. Anot her aspect of
the invention is a nethod for controlling a notor speed of a brushl ess
notor, said nethod conprising: sensigg an actual notor current being

appl i ed to tlhis thotedrre onh@refened ehisbnel e tnuesenivimyvertiasuior pravide ongirstese end
couplin rrent nse, resistor to an actual voltage hejing.applied,to the
ot or dneine fot EPraBRgSnd SBe §F o BuPliefe vt HEReNERE  ReMREpRBR' Mg
cur r entd fragkcUisehngenta dRfbd hlo®dr speddrin@dintatuah@ofodkp&at sense resistor and a
pul se-wi dt h nodul ated error sighal to generate the actual notor current

havi ng an appropriate nagnitude and polarity; conparing a current reference

and the actyal motar current: generating. an error si b d_an
it 1 erence. ot bRt R i LRI e MMl BbOLF s8R alindies
31 J Ufbr 2&?12)111'@ menyedd 6Mg biudklesy motor Shgnaks & @ Whiesigndl sieatwiods hotRguirat ed
error sjgnal; ,

théJ continuous and repeated turning on and off of the motor but that allows the brushless

motor to be continuously driven.

It is a further preferred object of the present invention to provide a system and method
for controlling the speed of a brushless motor that uses a PWM signal for controlling the
speed of a brushless motor according to and based on the difference between a desired motor

speed and an actual motor speed.

It is still a further preferred object of the present invention to provide a system and
method for controlling the speed of a brushless motor that is used in a tape servo system and

method.

It is still another preferred object of the present invention to provide a system and
method for controlling the speed of a brushless motor based on armature positions of the

brushless motor.



sensing armature positions of the notor; and controlling acti:\.I/Jt .'-LULaZQUZ
deactivation of respective power sw tches based on the pul se-wi dth

"nodul ated error signal to control the notor at a desired notor speed that
corresponds to the current reference._Jhe above as well as additional

obj ects, features, and advantages of the present invention will becone

apparent in the follow,ng detailed witten desgy.iption. 3 L .2002
R BF DESCR P ERee-ON e I BHRUPROB A PRECHDE CORBAIS 8aelar saegipt @ Drisless
char act gpjstd W& nsyen.ion are set forth in the appended clains. The
i nventi on{O?’t égﬁ%ﬁomv r,ﬂa% well as a preferred node of use, further

obj ects and adwvant ageentt deesaodouplid fo thesmotve fondersiged dsual ehetpegureito t he

fol | owi ng det aj| ed descri pti f i |lystrati mbodi ment wh di
conj unctiRUR b6 TER” SEEGHI ity ShatuintB0hGher i n Figure 115 a biock

di agram of the pres@int sehse Résister Yiple8d bR hctaANiIl@kLE baggtaggie%pt@&ﬁe Rlotcd
brushl ess not or accordln? to and based on the difference between a desired
ta

not or speed @ndlck wferensevaltagmend speed wherein the system and nethod uses a

PWM si gnal that vari accordi ta an.errar _sjgnal_ generated t ween the
i 1 for once of a dobriRe FORUR Dbt BuPthu RS e dph B RSP B AR RE Ry e
is a PWM si gattentRNGigaeshpodpridiemaysitRi@and pblagiti;e 1 when the desired notor
current is greater than the actual notor current wherein the PWM signal has

| onger posi t# GWTELcemBareipssoviehio aurpnl Ederengeranddhe actpal sarrents Whgredr ther
onge . 5S¢ | . A
cctual SBYeaPdoRpRat ' talR HE BRUTERGRE A3ThE BuTRRerf Ul HoheiRfl ahe

power swidrahgal;t o i ncrease the current of the brushless nmoto r Figure 3 is
a PWM si gnal generate}\fl by the systemin Figure 1 when tRe desi red notor
current is |@ylserddthy meduleinatoupisdoio 1Be CHERR CATRRASAIAT (Thel ISMKFE BT Has

o 81 o A U8, S L U i
act ual erodraignalibgirg towet to said rcgtiﬁes;l J UL 2002 8 wherein the PWM signal
s used 1o contiol Lhe POWS o eheS fuliRaR Hig aRged Of the
a commutator having outputs and having inputs coupled to the pulse width modulator
and the armature position sensors; and
power switches coupled to outputs of the commutator and also coupled to the motor,
wherein the commutator controls activation and deactivation of the power switches based on
the pulse-width modulated error signal to control the motor at a desired motor speed that
corresponds to the current reference.
Another aspect of the invention is a method for controlling a motor speed of a
brushless motor, said method compriging:
sensing an actual motor current being applied to the motor, wherein sensing actual
motor current comprises:
coupling a current sense resistor to an actual voltage being applied to the
motor and a reference voltage to determine a value of the actual motor current; and
using a rectifier coupled to the current sense resistor and a pulse-width
modulated error signal to generate the actual motor current having an appropriate
magnitude and polarity;
comparing a current reference and the actual motor current;

generating an error signal based on a difference between the current reference and the

actual motor current;



Figure 4 is a PW signal generated by the systemin Figure 1 eﬂAjEe
_desired notor current is equal to the actual notor current el r@ﬂ@@mn
signal has the sanme lengths as the positive pul ses and the negative pul ses
generated based on an error signal hayg@g a zero val ue between the desired
not or speed and the actual notor speed and wherein the PWM signal is used

to control the power switches to maintain the speed of  the brushless notor;
and Fi gure 5°qnyering|thereqyfignaliodhe awseividthanqsyiated sreptagndligori t hm of the
present invenli: L he speed of a brushl ess notor
accordi ng toggﬁggSgﬁégﬁgﬁ%gﬁggg??%géggggnén proportion between a desired
not or cur r entoramdlirgnaa@ntion anmbtdeactovatioe raf. respective Ipowdil switahes based o the

DETAI LED DESCRI PTI OF | LLUSTRATI VE E | VENT The present invent%g is a
cur r ent PHE G BadHAEE 175 s i 'O ncPian)thg SRHAT gLé HENIer MelreWseddirs. -~
The preﬁﬁﬂ% i | IR a present system 10 and net hod for

contr ol |ngp%ﬂﬁﬁﬂgﬁﬁgg§ né?%?ﬁgb by i ncreasing or decreasing notor
excitation rékpeabdveves ywalk enrdditigndlootjbas,plesiurdsy enp cddaantagesoof ey ptdserd

olarity of. a pul.se width nodulation (P .Signal 36 ch as PWM si gnal
26A olr %‘6@“&“ ‘g‘g](?tse“ﬁ\#% awgilﬁﬂgléog%w&ﬁﬁ%@g‘ig'gﬁtﬁaﬁﬁ%@go%n- Zr ror :: gnal 35

generated in proportion to the difference between a desired notor current
and an actual notor . current. The system 10 and nethod for controlling the
current of a brushless notor uses a PWM signal 36 that does not require the
continuous and repeated turning on and off of the brushless notor 20 and
that is based on the generated error signal. The present system 10 and

met hod for controlling the current of a brushless notor 20 is able to be
used in a tape servo system and nethod. The present system 10 and net hod
for controlling the speed of a brushless notor 20 is al so based on armature
positions of the brushless notor. Wth reference nowto the figures and in
particular with reference to Figure 1, the present system 10 for
controlling a brushless notor 20 by increasing or decreasing notor current
respectively according to the positive polarity or negative polarity of a
pul se wi dth nodul ation (PW) signal 36 is shown. The present system 10
controls the current of brushless notor 20. The brushless nmotor 20 is shown
to have three phases or notor r- 3)JUL2flQZ wndings 21, which are
phases or nmotor windings D, E, and F. Upper power sw tch 18D and | ower
power switch 22D are coupled to the winding Dto control the brushless
notor 20 thereat. Upper power switch 18E and | ower power switch 22E are
coupled to the winding E to control the brushless notor 20 thereat. Upper
power switch 18F and | ower power switch 22F are coupled to the wnding F to
control the brushless notor 20 thereat. The power sw tches 18D, 18E, 18F,
22D, 22E, and 22F are coupled to bul k power or a power source 19. The power
source 19 provides the positive and negative driving power, such as +12
volts and -12 volts, to the brushless notor 20, through the selection of
the appropriate switches 18 and 22. These power switches are excited by a
PWM si gnal , such as PWM signal 36A or 36B or 36C respectively in Figures 2
and 3 and 4, according to the polarity of the PW signal. The PWM signal s
36A and 36B and 36C will be described in nore detail later.



' Hall.“sensors 12A, 12B, and 12C are coupled at the input side of a brushless
_commtator 14, and the power switches 18D, 18E, 18F, 22D, 22E 34nd)Ubr2802
coupl ed at the output side of the brushless commutator 14. The brushl ess

commutator 14 is used to control the direction of and the drive on the
nmotor windings D, E, and F to control tHe excitation of the brushl ess notor
20. Wiile the notor control system 10 is in operation, the notor w ndings
D, E, and F are either JBRIEREQDERCBA®TIPNcOF| BHEOPRAWINGPosi te direction.
The "hal | sensors 12A, 12B, and 12C ,respectively sense and provide the
armature position information fromthe brushless notor 20 for controlling

i 31 J UL 2002 Th@ m@WéBsp@adhngsnbébiembddtn@saﬁteEisamd &f BAhpul se

wi dt h nodul at or is also coug ﬁ 0 @g ut of tgg brushlg g8 commut at or
14. The puls%pV$?ﬁ+1?nﬁﬁﬁaf%F B BN BEy p%ﬂ%??fl P30 coupfed at its

i nput. The |rmmﬁntiomhﬁteélﬁrhawpvéf;easlWehlcmsrenpreééeredcmode désired
current signal 34 an ren% senée ﬁ agtual rren% gizl 32 The
difference b&tSeehd ?¥e +oFFantnei gR%P"339%hd EFES Pestqgha 32
i's dEterﬂ1ne@h@m@sfwmdlEyeﬂeb&réhéeetbOthanﬁblibeinQOdeEHEledrOr anplifier
30 includes frequency ensathgn ﬁha%acterégtlcs assurg stability

Uehe? d&8

of the ot ordeHFFERt %%n% atRd* FUEhFBREIHBED ﬂ 80 pr 6

sufficient gedmjefcthen whehdthéeaesscmphaynrgndtiwidgsiretdeaadnact ual notor
currents remain small for all nornmal conditions of notor speed. This
difference is outputted fromthe error anplifier 30 in the formof an error

di fference signalr8urdhe esrarpdotkenengeati ghathddSpkssenAputihodntabe the
pul se wi dt h nodul at or 28. The Sulse wi dt h npdul_at or 28 provi des a pul se
wi dt h nodul atYoheRPiRy SPOhaPLI361IstER SBSPH PRe2f BFRTBECPARMSLEGRal 36A in

Figure 2 or SYWbsiongl t868Bniinpkkedr end3the BYWrsirgnak BeEwkanFhgure 4 Thls
PWM signal 36 is fed into the inp ut of the brushless comutator  14.

| ower power S&FtERESTIO5EF %EE?daﬁB 29R arkuabupPEart 6P6RE WREL6iNa t@t?rrent

sense resistoys23m NG MEHBbdeNdesf at PAMCUREARL SBRASEVRESESt Qbcd@ditg
coupled to ground 25. The current sense or actual current signal 32 is

derived front®h®DcBFFeht Ss8Rae gSRELgESd GRAMESR EEFnaléﬁﬁFﬁéﬁeantﬁe
current sens@ekest8§t9b6t838. chheesll B8At an hctual motor current;

Figure 2 is a PWM signal generated by the system in
Figure 1 when the desired motor current is greater than
the actual motor current wherein the PWM signal has
longer positive pulses than negative pulses generated
based on an error signal having a positive value between
the desired motor current and the actual motor current
and wherein the PWM signal is used to control the power

switches to increase the current of the brushless motor:;

Figure 3 is a PWM signal generated by the system in
Figure 1 when the desired motor current is less than the
actual motor current wherein the PWM signal has shorter
positive pulses than negative pulses generated based on
an error signal having a negative value between the

desired motor current and the actual motor current and
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'31 J°U L2002 12 - sense voltage signal 27 is inputted to an aativdlituzﬂﬁﬂ
sense rectifier 24. The rectifier 24 also receives the PWM signal 36 from
the pul se width nodul ator 28 so that the current sense or actual current
signal 32 is changed and followed in direction according to the polarity of
the PWM signal 36. The rectifier 24 acc@rdingly determ nes and outputs the
current sense or actual velocity current signal 32 based on the current
sense vol t aghesieyimal t12y BWMt sigoalrbstusedstoresntrot BBeapdwehe pol arity

i rocti on of BORI ReS (SR PR hakPEna e TSP RESHFF - BBORPFRi ng t he

brushl ess notor 20. The brushless commutator 14 controls the power sw tches

18D, 18E, 18F, 2 22E, and 22F and.t he, brushl ess tor,. 20 in well known
and wel | under st Sindris ror PP EheRel %8ﬂﬁﬁ?§?8PgY %ﬂ@ pYaLem; in

invention difchoses) tigént b8 b(flé‘§f£€§SInGQBFU&éI:Pén‘é‘llgOBE}ﬁQhStbhﬁhér ushl ess
motor 20 by controlling a set of two power switches, that is, one set of
two power svidtwak neted| gereentndhateivathd MM signalobhsr thRosades of
two pover swdchass ale Kgptpdsiachtvahedes! hnkStie! hekROMIeaBd 1 yRder St 00d
as to how brushf ess commut ? 14 1s"to determ ne and sel ect " which set of
two power svieremexted based gﬁt@va@éﬁoénﬁl%ﬁéhhé‘é%@gw E@BOpURRHEsW t ches
are to be de;@ghidatede §0LiLXaMRbeori Epthe Qﬁas{ah@%cms@rmg%&s to be
excited in the positive direction to |ncrease notor s pl yi ng
positive voI%Eﬁﬁ?iU@@%E@herﬁénmﬁhélH@M pignalEist neadt ke Gﬁﬁéﬁog © switch
18D and the doer pgyecnsui toina2keaie 8ati xpted. ofnenal BensRoweL ~ 81 J U
L 2002 13 switches 18E, 18F, 22D, and 22F are de- actlvated On the ot her
hand, if thé“%#%%hl@%@ notor 20 is to be excited in the negative direction
to decrease not or speed by applying negative vol tage between the w ndings D
and E, then the upper power swtch 18E and the |ower power swtch 22D are
activated. The otFegupeweriswkt Ehew ¢BRrtigiageam ofnghe2Fpgretional
de-activate fere Sq n r L-an

reference t§a¥g%%$%ﬁ§ - E@ﬁqég Eﬁt SQY%QQEB QQFhSFggaF égnggéﬁgép

t he systen1I@h¢nSP¢g@r@flamhenShheSdempted ﬁ9§9rd$p9ed0|§ngr@a§@d oiman the
actual notor e i a r.p l.sgs 38 than
negative pulggg ggff%%%n?%ﬁ%?hggghoﬁgégﬁpg gggg 2 aggggggrggggﬁérated
based on an @W¥rbenki gndl aBsSapetakenoths duskead-notor current and the
actual notor current. In Figure 2, the desired notor current is greater
than the actual notor current. Thus, the overall error signal 35 is a
positive signal to increase the actual notor current. The PWM signal 36A is
used to control the power switches to increase the current of the brushless
not or 20. The PWM signal 36A is provided to the rectifier 24 along with the
i nput of the current sense voltage 27. The positive pul se 38 of the PW

si gnal 36A causes the brushless n direction while the negative pul se 40 of
the PWM signal 36A causes the brushless notor 20 to be driven in the
negative excitation direction. Since overall the positive pul ses 38 are

| onger than the negative pul ses 40, then overall the brushless notor 20
will be driven in the positive excitation direction or manner to increase



I 3~ JUL 2002 14 the nmotor current. The notor w ndings D, &,4 a""gILFIZDDzd
t at

continuously driven with positive excitation and negative exc

'on the on-tine and off-tinme of the PWM signal 36A in the respective

positive pul se 38 and the negative pul se 40, but overall the brushless
notor 20 will be driven in the positive excitation direction to increase
its current. Wth reference now to the fi gures and in particular with
reference to Figure 3, a PWMsignal 36B is _a digital signal generated by
the- system 10 i n BEJHIEEP Wﬁ%@%i@e&%ﬁpﬁﬁ%#ﬁ@ than the
actual nmotor current. The PWM signal 36B has shorter positive pul ses 38

t han negative pul ses 40. The | ength of these pul ses 38 and 40 are generated
based on an error T8RgRALSSHthADKESHT 1ORe 1dedi FHF L RBTOMOLES Pé‘ﬁtsleahﬁdt%ﬁ‘e
actual notorpeH(igRE on! NPMMIULEBNilR #63 LedsPRERL GWLLER! | $Heess than
the actual motor current. Thus, the overall error signal 35 is a negative
signal to dePreasatt havestishn peoyidesr reRresERE PYRItengRAl apeBmeshesked to
control the r itches ta r t rpent. of. t I, | ess not or
20 The Pt S0OnSPSR LA By AGE To SenaCret: 2B, B JACAFAAI T B the i nput
of the curredecseasdnyohicage 2kcitheipesirkispechilved y38cab ridiegP\Wd sitgnal
36B causes the brtushl ess motor 20 to be drivcin i.r,1C th posié%i ve eg&itati on
direction whPPE AEEnEGARIIE Y AFs 8H3 1 St RO TP §al® BABSEaiEet! he
brushl ess noheru2@ tienbg piM)Ven gind 1t 36, negehl w& @wdi tsdlgnen diezeeld @sB Si nce
overal|l the negative pulses 40 are | onger than the paositive pul ses 38, then
overal | the BrusiCess Thst SMheignal B6 Frinies o inggd v& &&&Xat i on
direction or i a1~ Re . r +to cr Afg Jrot or
current. The®m 'Pgrl \)/Smsn i #Séag,e%%gg%ﬁgogﬁg%%orﬁoi rtl-'g%us ﬁri ver?n:/)vi th

posi tive exchedrieen andlesdgatd we texcicatriegrt kaskednomdthe lomatiare and
off-tinme of the PWM signal 36B in.the res tiv osjtive.pulse.38 and the
negati ve pul s%lrf(?}r/\MOut%n erséllﬁ%eflhélobraﬁlghlmpg'g]o 1%6):% f(?r\ﬁrﬂﬁd‘élgdrtl en in the
negative dir eglrir@mt! @ fdecnaastlidss atantuseW tah pwef eyigpee. ey drad he
figures and in particular with reference to Figure 4, a- PW signal 36Cis
a digital si§R&S goter&®Bd sy Hite COPfiaMOlE Al dRirginee tedmter tIFE R3si r ed
motor currenty s [GURlr e d hgAghuals MIQr oW reit +hihe iIRWSignaln 36C has
the sane length positive pulses 38 and negative pul ses 40. The | engths of

t hese pul ses t38® @eched® e gurmer atigghdiasedhon rae semytors wsitgmal 1B riset ween

t he desired r re t al r.e | t he
desi red not o?géétglrordg tﬁorl Srg Oeng{u%l]tqglqaﬁgeh%acctduga}feq{r}:o% t)ﬂ % lr}%rrue%{le@% grgo?cﬁﬁe
overal |l erroROsiignalblies tao Zey ausmal uen S gragde tseemed |y rent endagtatdioat or

current at t desired notor current. The P ignal 36C.is used to control
the power swi _é)sretsc‘FI}Faisrﬁsatieﬁ“ tltPeacrlﬂ'_r”lé*rﬁ ho\éyqug Ct?rll}'s’?ﬂ. il=.'153§19rmt( 20. The

PWM si gnal 3@%ée%l RIO\4 Qﬁ%érﬂéé@_ﬁ&&?ﬂ faer: 24 13 Pk d oot "!frrﬁa[‘cﬁ%e of the
current sense voltage 27. The positive pulse 38 of the PWM signal 36C

causes the bResHltdensmlortizg hwidhd efd v@tdin t he positive excitation
direction while the negative pulse 40 of the PWM signal 36C causes the
brushl ess notor 20 to be driven in the negative excitation direction. Since

overal | the positiWidlpuslarggarmoy He sdife Tiehbias ad the prtgakdwapul ses
40, then overaldy therdrdisll 655 yhfe 20 WHd R i ven, dikd Neo SASE
controlling a brushless motor 20 by increasing or
decreasing motor current respectively according to the
positive polarity or negative polarity of a pulse width
modulation (PWM) signal 36 is shown. The present system
10 controls the current of brushless motor 20. The

-

brushless motor 20 is shown to have three phases or motor



.31 3- Ut 2002 16 manner to maintain the notor current. The gLUmL InAJS
D, E, and F are continuously driven with positive excitatio ve
excitation based on the on-tinme and off-time of the PWM signal 36C in the
respective positive pulse 38 and the negative pul se 40, but overall the
brushl ess notor 20 will be driven in the;same manner to maintain. its
current. Wth reference nowto the figures and in particular with reference
to Figure 5, .a flo rt .di agram of, the i es

system 10 tt‘1"7a3’?ml-:l(§1 r o%qg’ t%hel@geaeﬁe o‘?h%p%sr &%%@%&%‘?ﬁé%%ﬁb%ﬁ nagﬁ{lo and
based on the di fipyeangsowdr PEWPEEH | DED beidebswer desidedswiDtcli 220 rené and
an actual notor current is shown. The algorithm42 starts at block 44. At

bl ock 46, tKEWIRS ithnthe WA B hee £RREF Ol othader $ighats Z°hHef ng

applied to Hsf&ss Dt Qipgdr Jhige Al GRIEdNMER Hs@SLder opsuent sense
resistor 23 to determ ne the actual current signal 32 of the brushless

nmot or 20. Atswiltodk 28E athe edgokéed hbe 40helevirddmesE die ecenorobfthet ual

current signal fromthe present PWM signal 36. At blo t he

al gori t hm 425CHHbHFEs B r%ﬁt&?%‘f%? hce&i) %{Jtp%‘?’érrla?wﬁﬁcw'sg%‘ﬁ't%%dact ual
current signadwex pdwel f 41 efge2et yeencéebed tv® sh@nalnabhyes 84 and 32
is obtained to derive an error signal 35. At block 52, the error signal 35

is convertedrdmnikel Hv eigraless makertH@ Fereagnal Te Pew@Fovi ded to the
brushl ess commut at or | o 54 r re sitlo of rushl ess
notor 20 ar es"éjb’fc;?%séaf‘ﬂ%i ﬁ%mg’al f&m%%’?s%', i%%,é%%dgﬁiéoﬁ'ﬁggg g?rrature
positions angyBk Seoudpust ed bokert Beubedshd essTreMpbM@E 0sodAcéorgontrol the
brushl ess not or ) ~ ~a ~ zooz - 20. At block 56, the brush| ess

_ .3 A~ :
conmut at or RFPEIIRSILES RePEEIVANINACPEIAELVBNRT EEE NG PPYRT powBF s@ft ches

to control they byyshd eggq i ory@Prandeb ot deastiyri 8sal hovbhepopover
switches. The al gorithm 42 noves to decision block 58. At decision bl ock

58, the al gothxéwmglotidet eeheabsonhefhehet ARPPYWL S gRaswlbchas A8pasfti ve

value. If it,gdoes,, then the algoriihm 42 npyes | ock where.the

brushl ess cd%gutaT% Si4p%ﬁ%Fa?%%EgﬁgsS%F%c?xgﬁgégngys%tPo ﬁéggglémﬁtches
to drive theshehshs eswMMigha2036A bhespasoti yecdrespétonvedyi DArease notor
speed and then | oops back to block 46 to continue therefrom If it does
not, then thBignyesi?handodedntoddedFsPsAiBPoER bhe PPlasifyi 8 bheck 62,

the algorit 2 mn het shgpa 6 S n t] valLue. |f
it does, thzgaﬂf}h?ag(g‘l[’gfofi tﬁﬁqeﬁgﬁﬁogégﬁ\ﬁ(\ggb:sgk‘l:‘%é Br,ggh%?‘é‘ £BE grxg%h?%ss
comut at or ldesppeile¢@sihomsekedetahd dnéeset of power switches to drive the
brushl ess nmotor 20 in the negative direction to decrease the notor speed
and then | oops back to block 46 to continue therefrom If it does not, then
the error signal Baglal semepos aAd,t he@Bal godi 1AM apeesotiplbdoek 6Be At bl ock

66, the brushless co tator 14 |s operated, t seg ct the,one set of power
swi t ches to HRPUE TRACbPhshl BELSHIESE S6MTHtChE sAds ARAnGPet BoRE ntal n the
sanme not or sg@feehége19b?019hbnné§,thgﬂ,lQQ@§ haek2be BrackofiBiandat
continues therefrom While the invention has been particularly shown and
desc, ~i bed wkrh& petprénsedeood phef brusdlessodonantator Wal.l Béeunder st ood
by those Sk'ﬂkgghigs%hgog&ht%@%E §4 i%lu%eg %ozgg%trol the direction

of and the drive on the motor windings D, E, and F to

control the excitation of the brushless motor 20. While

the motor control system 10 is in operation, the motor
windings D, E, and F are either driving in one direction

or an opposite direction. The hall sensors 12A, 12B, and

12C respectively sense and provide the armature position

information from the brushless motor 20 for controlling



A

» variqus cthanges in formand detail may be nade therein w thout departing

fromthe spirit and scope of the invention. 31 J UL 2002 - CHQ]
What «s clainmed is: 1, A systemfor controlling a notor speed of EF?OUZ
brushl ess not or,

said system conprising: a notor current sensor coupled to

the notor for sensing an actual notor current applied to the notor, said
not or current sensor including: a current' sense resistor coupl ed to an

actual volta

rectifier,

o5hp

bei lied to the not d f 't d
€67 t62Bhecher Bt ozenenSielioPor E71 R BanchaPBL-Fhe act ua

not or Currenwlaew Redan a&BRr 2pr iat g18BgRbLBdedand pakafihput arfcuheent
conparator coupled to a current reference and the actual current, wherein

the current boHphigssr commpirsort Bd.current reference and the act ual

current and generates an error signal; a pulse width nodul ator, coupled to

the current conparator, that converts the error signal to a correspondi ng

pul se-w dt h nndul&hedpaﬂserw&dghampdaahdomuQSehwEdah evdolrabeglerfier si gnal
to said rectifier; armature posr nsors that sense

30i ZBuEdl RE rbtor Mol ComEaloP rad B RESoBERS and havi ng

i nputs coupl eehpha flike RW S€ Nirgeh tMEdHea el cang eleeleematwreemsi tion

bei ng coupl e
armat ure pos

SEensors;

and

signal 34 and a current sense or actual current signal

32.

The difference between desired current signal 34 and

actual current signal 32 is determined and amplified by

the error amplifier 30. The error amplifier 30 includes

frequency compensation characteristics which assure

stability of the motor current generated in the brushless

motor and provides sufficient gain so that the difference

between the desired and actual motor currents remain

small for all normal conditions of motor speed. This

difference is outputted from the error amplifier 30 in

the form of an error difference signal 35. The error

difference signal 35 is inputted into the pulse width

modulator 28. The pulse width modulator 28 provides a

pulse width modulation (PWM) signal 36, such as in the

form of PWM signal 36A in Figure 2 or PWM signal 36B in

Figure 3 or PWM signal 36C in Figure 4. This PWM signal

36 is fed into the input of the brushless commutator 14.

The lower power switches 22D, 22E, and 22F are

coupled to one end of a current sense resistor 23. The

other end of the current sense resistor 23 is coupled to

ground 25. The current sense or actual current signal 32

is derived from the current sense voltage signal 27 being

applied at the current sense resistor 23. The current



_power sw tches coupled to outputs of the commutator and al so coupled to the
notor, wherein the commutator controls activation and deactlva ktZQﬂz
powekr swi tches based on the pul se-wi dth nodul ated error signal to con

the notor at a desired notor speed that corresponds to the current
reference. 2. The system according to claim1l, wherein the current
conparator conprises an error anplifier *¥hat receives the current reference
and the actual current and generates and anplifies the error signal. 3. The
syst em accor g¢nget vottagem 319nmbr 27 nis henbrsed e ﬁ%t@@tlgeaC@ﬁ¥%@tphase

ot or havi ng éhrSe g8£§é6$&”9h”QST%?ngecélfhér2?92a1§9 éecgb§e§yéﬁgn1

accordi ng to clhaim rein t he ure position sensors conpriSe three

armat ure pospWMOSi§RASOBE FOOmSERSI pglibewbdtltinoQuDesoti 2Bssof thhe three
notor wi ndings, 5. The system according to claim 3, wherein the power
swit ches conpRfseUrkeBE §8NECOPr pRGEHa mFFEﬁ%%teé%%nﬁ%c?%d%ﬁgcbﬁﬁgﬁﬁmer

Swi t ches, “h§ﬁ8'60§E8wEHr R Afhec §6ncoURbegdifhg QHtQHéSp$i991%£eo§0”“Utator

and are respeciively coup ed to the three notor w ndings e system
accordi ng totbeaPWMlsigheleBA. th@hpomectsﬁnech%é aceotdhngdyl ed by the

O At O ! Qe LY 0o IRl Bl LR L NEREAsE  LOg: TBLRL SpECd uED Lhe er i or
signal has a“genera Fy posi trv gYVal e e’s s em according to claiml,
wherei n the peletisy tabeenar eignalr 82| bdsby bhethenuutaént sendei ve the

notor to decrease t he notor speed when the error S|gnal has a_generally
negative val Y& tégeTﬁég§?%t8ﬁ1éECBPE| RYTEBRE| 8FRFE, TRAGPEPR £Re2PBwer

swi t ches aremgeneaﬁhkﬁe by £t BGeC ?w§g§§gﬂaltgsdr'yﬁetgslgyaep be ERkntain

not or speed e erfor si gna zero val ue The System accordi ng
to claim1l, EWMrengnhheBéodaﬁbammnesonhendmuetyldnlvésmbhernntor t hrough
t he power switc

10 Aol ect PIELABESPT REFLGTRG ACCHAtr Sh E3aF ol 1 %Sﬁf%&ﬁ%@e&ﬁ% QA
1. 11. A netbedshoesgonbrell 2og a notor speed of a brushless notor, said
met hod
The brushless commutator 14 controls the power
switches 18D, 18E, 18F, 22D, 22E, and 22F and the
brushless motor 20 in well known and well understood
manners for brushless commutators. The present invention
discloses that the brushless commutator 14 controls the
brushless motor 20 by controlling a set of two power
switches, that is, one set of two power switches is
selected and activated while the other two sets of two
power switches are kept de-activated. It is well known
and understood as to how brushless commutator 14 is to
determine and select which set of two power switches is
to be activated and which sets of two power switches are
to be de-activated. For example, if the brushless motor
20 is to be excited in the positive direction to increase
motor speed by applying positive voltage between the
wind}ngs D and E, then the upper power switch 18D and the

lower power switch 22E are activated. The other power



», conpristng: sensing an actual notor current being applied to Egi gijor
wherei n sensing actual notor current conpri ses: 31 J UL 20 L 2002

coupliing a current sense resistor to an actual voltage being applied to the
notor and a reference voltage to determ ne a value of the actual notor
current; and using a rectifier coupled to the current sense resistor and a
pul se wi dth nodul ated error signal to g%%erate the actual notor current

havi ng an appropriate nmagni tude and polarity; conparing a current reference
and the act GHLtRBESr 188 r /E ééﬁeréﬁﬁnézﬁhaéﬁréﬁ §F§ﬁ¥?t6§sedQQﬁQ§

difference bebueenabie U AN i elenence ARd .l be qel ual LaDol R o

converting the error élgnal o the se-w ul ate error S|gna
sensi ng arnaheraegasnweodar@ttuba.nmt@mcram$ecmn¢pmlBpngda¢Wivation and

deactivation of respectiye power smnt S e
nodul at ed egpgay%p FgPo cgnWP&F he nD 5%35391 éékﬁeggng%éﬁkgkged t hat
corr esponds thent lt@eCuppemt posfeer endechl 2 8ETedmhizod caetopdiweg to claim 11,

wherein the steps of conparing a current ref erence and generating _an error

signal furt REREEEMERPs LS R GeYdivse t FCeO&NSE PV e SRS rence
signal and Hle agbﬁalaggr@@@tag%ldgxgéilgytégror anplifier conparing the

current referencé and the actual current and

With reference now to the figures and in particular
with reference to Figure 2, a PWM signal 36A is a digital
signal generated by the system 10 in Figure 1 when the
desired motor speed i1s greater than the actual motor
speed. The PWM signal 36A has longer positive pulses 38
than negative pulses 40. The length of these pulses 38
and 40 are generated based on an error signal 35 between
the desired motor current and the actual motor current.
In Figure 2, the desired motor current is greater than
the actual motor current. Thus, the overall error signal
35 is a positive signal to increase the actual motor
current. The PWM signal 36A is used to control the power
switches to increase the current of the brushless motor
20. The PWM signal 36A is provided to the rectifier 24
along with the input of the current sense voltage 27.
The positive pulse 38 of the PWM signal 36A causes the

- brushless motor 20 to be driven in the positive

excitation direction while the negative pulse 40 of the
PWM signal 36A causes the brushless motor 20 to be driven
in the negative excitation direction. Since overall the
positive pulses 38 are longer than the negative pulses
40, then overall the brushless motor 20 will be driven in

the positive excitation direction or manner to increase



+ .generating and anplifying the error signal. 13. The nethod according to
cl’'aim 11, wherein the controlling step further conprises: usinqaq LﬁJL-ZUUZ
commut at or havi ng the pul se-wi dth nodul ated error signal and the arnmature
positions as input values and notor switch control signals as output val ues
to control the notor at a desired notor speed that corresponds to the
current reference. 14. The net hod accordﬁng to claim11l, wherein the

brushl ess nmotor is a three phase potor having three_notor w ndings, and
wher ei n the SP8pMBFC8eRSFA§REr matife™pbett FOREITERt Rer EcoApfli £edfeusi ng

three armat ucenpOsiLbLONySERSOEA (QENr BEPEEL¥ekYcsensing kha aegature
positions of the three notor w ndjngs UL 2002 -22 15, The

gs. . 31.J
met hod accor 8FRyEEBIENaPATEE, ORhEREI APT RA™MBr BBAI 8SE—FdE6r Ofs TSt AFe phase

not or havi ngst hhee §EAORn“£HQi99§peé€§y@h§6§hEib@epﬁlge 86 agnt kekl i ng
activation and deactivation of respective power swtches further conprises:

coupl i ng t hreegatigeopupereddswotitheveeath thel bdiahlevs potwer 2@i tches to

i f itch . LLer d h
w ndings. 160 heShetR8HBReeh: B hoPra ERkPnrtaLchRPbl L PRe pEy <Y

control ling antrwasteontandudeaanti.vati on of respective power sw tches
further conprises: using a conmutator to activate one of the three sets of
power switches and to deactivate the other two of the three sets of power
switches to driveWihb meferenhoei nowease thhe figtioesspedd iwhea ritheudmamror

s e R e A R R
signal generated by the system 10 in Figure 1 when the
desired motor current is less than the actual motor
current. The PWM signal 36B has shorter positive pulses
38 than negative pulses 40. The length of these pulses
38 and 40 are generated based on an error signal 35
between the desired motor current and the actual motor
current. In Figure 3, the desired motor current is less
than the actual motor current. Thus, the overall error
signal 35 is a negative signal to decrease the actual
motor current. The PWM signal 36B is used to control the
power switches to decrease the current of the brushless
motor 20. The PWM signal 36B is provided to the
rectifier 24 along with the input of the current sense
voltage 27. The positive pulse 38 of the PWM signal 36B
causes the brushless motor 20 to be driven in the
positive excitation direction while the negative pulse 40
of the PWM signal 36B causes the brushless motor 20 to be
driven in the negative excitation direction. Since
overall the negative pulses 40 are longer than the
positive pulses 38, then overall the brushless motor 20

will be driven in the negative excitation direction or



» .and' deactivation of respective power switches further conpri seﬁ ‘]ugjljug 2002
commutator to activate one of the three sets of power switches and to
deactivate the other two of the three sets of power switches to drive the
notor to decrease the notor speed when the error signal has a generally
negative value. 18. The net hod accordinqﬂto claim 15, wherein the step of
controlling activation and deactivation of respective power swtches
further conprises: usingaa comutator to activate one of the thrge sets of

power switchBaNBRY 8 GESEERFSt ERENBOEPReFUERERSF t RBSt RPERTsHEEAIPISoner

switches to drige thae pohee tenERhObaklynatevespeednwbesitheeerror signal
has a zero val ue %9. The nethod_accordtng to cgain111, ggerein the step of
control Iing SEFLVAEEBR aRd Bedefivat PEALGRLEEpRAELTeBolBr SR EiREs

further conpahgesfrrusifg afCOABUPAMOLilRatOBEROLnt RBcpPRWBpesWitehes tO
drive the notor to increase the notor Speed when the error signal has a
general | y poppsitéveabuése288 Fhd wbehvegatdyerdihgdseo48l apmtlovewnddei n t he

step of contrgllin tivation_agd deactivation of .re ctive, power
aw ches 1 ur Eher PESRBEFedahb e ngt Mo hEabbived dBnERE! ERE R Ster
switches to direetiba oot dectreadechieaseutrientot or speed when the error
signal has a generally negative val ue. 31 J UL 2002 - 23 21. The nethod
according to claim11l, wherein the step of controlling activation and
deactivation of r@spacteferpaver new tohesel frighek scamdr i$e pa ritdicng aax
comutator to.control the power switches to drive theég%tor to maintain the
2T

nmotor speed WA&R ERECEFFGE SPoRAPUEEs4a ZefPM gRgRaln Hé Refodtal

according t0sg@m blnetRidaco ol 99 3R 0 ARPEIHudS Q0NN ¥

driving the notor through the power switch in accordance with the

pul se-wi dt h fAegdiratedodprocugitgndl 1s. AANAIALR, AfepApcAviad. motoxy . A
. AL3. A(3. ASFZ rrent. The PWM signal 36C has the same length positive
pulses 38 and negative pulses 40. The lengths of these
pulses 38 and 40 are generated based on an error signal
35 between the desired motor current and the actual motor
current. In Figure 3, the desired motor current is equal
to the actual motor current. Thus, the overall error
signal is a zero value signal to maintain the actual
motor current at the desired motor current. The PWM
signal 36C is used to control the power switches to
maintain the current of the brushless motor 20. The PWM
signal 36C is provided to the rectifier 24 along with the
input of the current sense voltage 27. The positive
pulse 38 of the PWM signal 36C causes the brushless motor
20 to be driven in the positive excitation direction
while the negative pulse 40 of the PWM signal 36C causes
the brushless motor 20 to be driven in the negative
excitation direction. Since overall the positive pulses

38 are the same lengths as the negative pulses 40, then

overall the brushless motor 20 will be driven in the same
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decision block 58, the algorithm 42 determines whether
the PWM signal 36 has a positive value. If it does, then
the algorithm 42 moves to block 60 where the brushless
commutator 14 operates to select the one set of power
switches to drive the brushless motor 20 in the positive
direction to increase motor speed and then loops back to
block 46 to continue therefrom. If it does not, then the
algorithm moves to decision block 62. At decision block
62, the algorithm 42 determines whether PWM signal 36 has
a negative value. If it does, then the algorithm 42
moves to block 64 where the brushless commutator 14
operates to select the one set of power switches to drive
the brushless motor 20 in the negative direction to
decrease the motor speed and then loops back to block 46
to continue therefrom. If it does not, then the error
signal equals zero, and the algorithm moves to block 66.
At block 66, the brushless commutator 14 is operated to
select the one set of power switches to drive the
brushless motor 20 in the same manner to maintain the

same motor speed. The algorithm 42 then loops back to

block 46 and continues therefrom.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it

will be understood by those skilled in the art that
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without departing from the spirit and scope of the
invention.
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comprising:

a motor current sensor coupled to the motor for sensing an actual motor
current applied to the motor, said motor current sensor including:

a current sense resistor coupled to an actual voltage being applied to
the motor and a reference voltage; and

a rectifier, coupled to the current sense resistor, that generates the
actual motor current having an appropriate magnitude and polarity;

a current comparator coupled to a current reference and the actual current,
wherein the current comparator compares the current reference and the actual current
and generates an error signal;

a pulse width modulator, coupled to the current comparator, that converts the
error signal to a corresponding pulse-width modulated error signal, said pulse-width
modulated error signal being coupled to said rectifier;

armature position sensors that sense armature positions of the motor,

a commutator having outputs and having inputs coupled to the pulse width
modulator and the armature position sensors; and

power switches coupled to outputs of the commutator and also coupled to the
motor, wherein the commutator controls activation and deactivation of the power
switches based on the pulse-width modulated error signal to control the motor at a

desired motor speed that corresponds to the current reference.

2. The system according to claim 1, wherein the current comparator comprises an
error amplifier that receives the current reference and the actual current and generates

and amplifies the error signal.

3. The system according to claim 1, wherein the brushless motor is a three phase

motor having three motor windings.
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5. The system according to claim 3, wherein the power switches

ositions of the
109%&' ()-33

comprise three

sets of power switches each including two power switches, wherein the three sets are

coupled to outputs from the commutator and are respectively coupled to the three

motor windings.

6. The system according to claim 1, wherein the power switches

are controlled

by the commutator to drive the motor to increase the motor speed when the error

signal has a generally positive value.

7. The system according to claim 1, wherein the power switches

are controlled

by the commutator to drive the motor to decrease the motor speed when the error

signal has a generally negative value.

8. The system according to claim 1, wherein the power switches

are controlled

by the commutator to drive the motor to maintain motor speed when the error signal

has a zero value.

9. The system according to claim 1, wherein the commutator continuously drives

the motor through the power switch in accordance with the pulse-width modulated

error signal.

10.  An electric motor including a control system in accordance with claim 1.

11. A method for controlling a motor speed of a brushless motor, said method

comprising:

sensing an actual motor current being applied to the motor, wherein sensing

actual motor current comprises:
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current; and

using a rectifier coupled to the current sense resistor and a pulse-
width modulated error signal to generate the actual motor current having an
appropriate magnitude and polarity;
comparing a current reference and the actual motor current;
generating an error signal based on a difference between the current reference
and the actual motor current;
converting the error signal to the pulse-width modulated error signal;
sensing armature positions of the motor; and
controlling activation and deactivation of respective power switches based on
the pulse-width modulated error signal to control the motor at a desired motor speed

that corresponds to the current reference.

12. The method according to claim 11, wherein the steps of comparing a current
reference and generating an error signal further comprise:

in response to receipt of the current reference signal and the actual current as
inputs, an error amplifier comparing the current reference and the actual current and

generating and amplifying the error signal.

13.  The method according to claim 11, wherein the controlling step further
comprises: ]

using a commutator having the pulse-width modulated error signal and the
armature positions as input values and motor switch control signals as output values

to control the motor at a desired motor speed that corresponds to the current reference.

14.  The method according to claim 11, wherein the brushless motor is a three
phase motor having three motor windings, and wherein the step of sensing armature
positions further comprises:

using three armature position sensors for respectively sensing the armature

positions of the three motor windings.
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respective outputs of a power switch controller and to the three motor windings.

16.  The method according to claim 15, wherein the step of controlling activation
and deactivation of respective power switches further comprises:

using a commutator to activate one of the three sets of power switches and to
deactivate the other two of the three sets of power switches to drive the motor to

increase the motor speed when the error signal has a generally negative value.

17.  The method according to claim 15, wherein the step of controlling activation
and deactivation of respective power switches further comprises:

using a commutator to activate one of the three sets of power switches and to
deactivate the other two of the three sets of power switches to drive the motor to

decrease the motor speed when the error signal has a generally negative value.

18.  The method according to claim 15, wherein the step of controlling activation
and deactivation of respective power switches further comprises:

using a commutator to activate one of the three sets of power switches and to
deactivate the other two of the three sets of power switches to drive the motor to

maintain motor speed when the error signal has a zero value.

19.  The method according to claim 11, wherein the step of controlling activation
and deactivation of respective power switches further comprises:
using a commutator to control the power switches to drive the motor to

increase the motor speed when the error signal has a generally positive value.

20.  The method according to claim 11, wherein the step of controlling activation
and deactivation of respective power switches further comprises:
using a commutator to control the power switches to drive the motor to

decrease the motor speed when the error signal has a generally negative value.
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and deactivation of respective power switches further comprises:
using a commutator to control the power switches to drive the motor to

maintain the motor speed when the error signal has a zero value.

22. The method according to claim 11, said controlling step comprising
continuously driving the motor through the power switch in accordance with the

pulse-width modulated error signal.



