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1=+ CURRENT MODE PWM TECHNI QUE FOR A BRUSHLESS MOTOR 20
BACKGROUND OF THE INVENTION 1. Technical Field: The prgsém? 00
invention relates in general to a current node pul se wi dth nDduIa¢|wnkaﬂNW
techni que for brushless notors and in pagticular to a systemand nethod for
controlling a brushless notor by increasing or decreasing notor speed
respectively accordj 0 |t ve nolari r | |ty of a
pul se wi dt h nodul P&%@P#%t%mg@/@ [ﬂEﬁ%%ﬁ%wﬁdﬁ varies
according to an error signal generated and derived between the difference
of a desired notor speed and a current notor eed . Description of
the Related Art: var|86§K§§9P§PB°§n3“ﬁe£ﬂ8§§T§9Nst for controlling
the speed of a brushless notor. One conventional prior art system and

met hod i nvol ves using a pulse width nodulation (PW) signal to directly
control the power Be¢hmieal tBiehd: brushl ess notor. For exanple, a three

The present invention relates in general to a
current mode pulse width modulation (PWM) technique for
brushless motors and in particular to a system and method
for controlling a brushless motor by increasing or
decreasing motor speed respectively according to the
positive polarity or negative polarity of a pulse width
moddlation (PWM) control signal wherein the PWM signal
varies according to an error signal generated and derived
between the difference of a desired motor speed and a

current motor speed.
2. Description of the Related Art:

Various systems and methods exist for controlling
the speed of a brushless motor. One conventional prior
art system and method involves using a pulse width
modulation (PWM) signal to directly control the power
switches to the brushless motor. For example, a three
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. 1In 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,



“phas€ notor woul d have three upper switches and three | ower switches 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
mét hod, the PWM signal controls the brushless nmotor in a manner such that
the six swtches are either on to excite the notor or off to turn off or

Sl ow down t he, Ipase SDestked S oL AstPISH Havidle GRS SnbYs HATO the PUM

signal activate the power switches to ,
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I n existence e conpu e of tape drive, such as Linear
Tape Open (LTO), involves tw reels of tape wherein one of the two reels is

a supply reel and ili6e 0ffe OTChde (A0 LR LSs Bd 8B5S Wo [ @Flve HEELPD! Y

reel is driven by a’supply ree e ta e-up reel" Ts driven by a
t ake-up reel aobttape Coox rodmphiger i $Vsbens caxseth textotrned imetkepeed of

these two motors, For HDEps. tYAS Lipd P8 SLhy s e ! 2Dt rADSPALLS, the

position and i
Tape Open (LTO), involves two reels of tape wherein one

of the two reels is a supply reel and the other of the
two reels is a take-up reel. The supply reel is driven
by a supply reel motor while the take-up reel is driven
by a take-up reel motor. Control algorithms are used to
control the speed of these two motors. For these types
of tape drives or tape transports, the position and
velocity of the tape need to be controlled. The control
algorithms require the defermination 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 mulﬁiple
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
equql to the actual motor speed, then the motor needs to

be driven from the actual motor speed to the desired



veloci’t'y of the tape need to be confrol]ed. -The control algorithns require
the determ nation of the position and velocity of the tape in order to
properly control the speed of the reel notors. The two tape reels, tape,
and two notors that drive the reels are cpnsidered a plant. The pl ant
receives nultiple inputs and provides nultiple outputs. For exanple, inputs

to the plant @5e,£0 é@HOUSIEUFEeEBérE?oEQea&QBHE§?E8ﬁsCQHHrabbhﬂgblée
notors. The outputs fromthe plant are tape vel oci tape tension, and
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order to properlé contro tape positio velocity. If the desired
nmot or speed | 9ifbereqoal bebwepr aceesairpdt Betopesneedhandt AR aatBRlneeds to

be driven frgﬂbﬁ@f §§E€ﬁerg?iois g?gg LAvhHeade815€9nd desirable to

3 notor spe ore advant ageous and desirable to provide a
system and nePhovideracensien ang megéhogedarorontbplidhngsshgospeedcedr di ng

to,and based anothenditienspos bRbKeRRed desiied:fHhY" thREcoaadnaR act Ual

nmotor speed. [t 1S also a vant ageous an esira rovi system and
met hod for conedgvirengheheospandous anurmgpeetgdntuanlnnapnugag afpwmit
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of
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.



~tBe rmotor but that allows the brushless notor to be continuously driven. It
I's further advantageous and desirable to provide a system and nethod for
controlling the speed of a brushless notor that uses a PWM signal for
controlling the speed of a brushless notqgr according to and based on the

di fference between a desired notor speed and an actual notor speed. It is

still al so advant ageous and dess(h' Pﬁ&l ﬁ&? | et em and net hod for
controlling the speed of a brus esgﬁé%for Egﬂﬁﬁgsused in a tape servo
system and nethod. It is still further advantageous and desirable to
provi de a system net hod for _controlling, th eed_of br ushl gss_not or
based on arnatureaggs%figﬁgrﬁ °fﬁe°B?ugﬂyggE t€ & Present "inventidn
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i nvention to ovi de stem and nethod.for, contralling the eed of a
brushl ess not 30@5?%Piésfom ﬁ rbﬁgﬁargﬁnghgod???g?%ﬁﬁg %%t%ﬁ%n a desired
nmot or speed adiiffieranteabetwéen apéedired mototrtspsednatdednod¢tadlof the

ggesent |nveqééggrtgpgggy|de a system and nmethod for controlling the speed

It is another object of the present invention to
provide a system and method for controlling the speed of
a brushless motor that uses a PWM signal that does not
require the continuous and repeated turning on and off of
the motor but that allows the brushless motor to be
continuously driven.

It is a further 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 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 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.



a brushl ess notor that uses a PWM signal that does not require the
continuous and repeated turning on and off of the notor but that allows the
brushl ess nmotor to be continuously driven. It is a further object of
the present invention to provide a systenband method for controlling the
speed of a brushless notor that uses a PWM signal for controlling the speed

of a brushl ess not hacimreioihd coleecthasate echierat fderianawwet ween a
desi red nntor(g eed ,and an act ual notg%?égﬁgg is stil]_a further
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control signal. The PWM signal varies according to an
error signal generated in proportion to the difference
between a desired motor current and an actual motor
current; A motor current sensor is used to sense an
actual motor current being applied to the motor. A
current comparator is used to compare the current desired
reference signal and the actual current signal and to
generate an error signal. A pulse width modulator is
used to convert the error signal to a pulse-width
modulated error signal. Armature position sensors are
used for sensing armature positions of the motor. A
commutator circuit receives the pulse-width modulated
error signal and the armature positions of the motor.
Power switches are coupled to outputs of the commutator
and also coupled to the motor. The commutator controls
activation and deactivétion of the respective power
switches based on the corresponding pulse-width modulated
error signal to.control the motor at a desired motor
current that corresponds to the desired reference current
signal. The commutator controls the respective power
switches to drive the motor in either a more positive, a
more negative direction, or in the same manner to
respectively increase, decrease, or maintain the motor
speed when the error signal correspondingly has a
generally positive, negative, or zero value.



tébhnfdue for brushless nmotors. The present system and nmethod controls a
brushl ess notor by increasing or decreasing notor speed respectively
according to the polarity and value of a pulse wi dth nodul ati on (PW)
control signal. The PWM signal varies acgording to an error signal
generated in proportion to the difference between a desired notor current
and an actual molOrneUELERL: ad BLEM 2k UAAADE] 5RRE0bb) Scts edekaripase an
actual notor current being applied to the nmotor. Ac rrenf comparafér is
used to conpafBdt AeVRDERERAS @Esthedrresentntbventhan wWhililthecameual current
signal and toaggageateiANtRE! 8561 $bR0AY - é‘tQﬂié? o EEeHDQHLELQQFhé used to
convert the error signal to a pulse-wdth nodulated error signal. AF mat ur e
position sensors are used for sensing arnature positions of the notor. A
comutator circuit receives the pul se-w dth nodul ated error signal and the
armature positions of the notor. Power switches are coupled to outputs of
the commutator and al so coupled to the notor. The commutator controls
activation and deactivation of the respective power sw tches based on the
correspondi ng pul se-wi dth nodul ated error signal to control the notor at a
desired notor current that corresponds to the desired reference current
signal. The comutator controls the respective power swtches to drive the
notor in either a nore positive, a nore negative direction, or in the sane
manner to respectively increase, decrease, or maintain the notor speed when
the error signal correspondingly has a generally positive, negative, or
zero val ue.



6 - * The above as well as additional obj ects, features, and advant ages

of the present invention will becone apparent in the follow ng detail ed
written description. _ 7 BRI EF
DESCRI PTI ON OF THE DRAW NGS The navel features believed

characteristic of the invention are set forth in the appended clains. The

i nvention itself homever,BﬂiggebhsggI@TQbﬁfg@r@ﬁgngﬁgwqﬁggse further
obj ects and advantages thereof, will best be understood by reference to the

follow ng detail ed description of an illustrative enbodi nrent when read in

conj unction with t’gﬁeaﬁsegfeafxaeargéa%ﬂgéve&h Shfcteristic bBUEReL 1S a

bl ock di agram of the present Invention system controlling the speed of
a brushl ess nbn¥enttenraragsed fadthasedthe @h@e@d¢de¢bncm5betmb@n a

desi red ”DtOrlﬁOEEQﬁéﬂdlégefftﬂéﬁe Eora§p§8ﬂ1“5§r§'Qré?8f§¥étﬁga@”§f”9thOd

uses a PWM signa varies accordihg to an error enerate
bet ween t he duseer éntther ebmestﬁednﬁnedvanuag@ﬁttbﬁneaﬁ,aWLLélbﬁstobe

current; understood by reference to the following detailed
description of an illustrative embodiment when read in

conjunction with the accompanying drawings, wherein:

Figure 1 is a block diagram of the present invention
system 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 wherein the
system and méthod uses a PWM signal that varies according
to an error signal generated between the difference of a

desired motor current and an actual 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



Figure” 2 is a PWM signal generated by the systemin Figure 1 when the
desired notor current is greater than the actual notor current wherein the
PWM si gnal has | onger positive pul ses than negative pul ses generated based
on an error signal having a positive val ge between the desired notor
current and the actual notor current and wherein the PWM signal is used to
control the pgvéFe s ticdemink Osd qied £a5€ |48 Cll &t e 1 1ige Bharsdl ess notor ;

Figure 3 is a PWMsignal generated by the systemin Figurel en the
desired not orS"EHTRET $Q Jeareaspitthhesrred AL horbrishless iekerh the PWM
signal has shorter positive pul ses than negative pul ses generated based on
an error signal having a negative val ue between the desired notor current
and the actual notE¥IWEe renmts anhdPWM signal generated by the system $£n

wherein the R i (| ed to control, the power, switches, to decrease
the speed of 't %}gh"fljéés L@B Sresired motor, GUrrent 1s kina} gral thner at ed

by the systeradtudd gustod ovnereritesisiesd et HOTEWM C3H G1edll h$s eEn@l sdRet he
act ual notoriggéint wher.ei n t he PWM si_gnal h%f t.he sane | engths as the
se

posi tive pul 1o Wéegaﬁc?%tlp‘(ﬁs% ses and the negative pulses

generated based on an error signal having a zero value
between the desired motor speed and the actual motor
speed and wherein the PWM signal is used to control the
power switches to maintain the speed of the brushless

motor; and

Figure 5 is a flow chart diagram of the operational
algorithm of the present invention system for controlling
the speed of a brushless motor according to and based on
the difference in proportion between a desired motor

current and an actual motor current.



~dener-dt ed based on an error signal having 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 brushl ess notor;
and Figure 5 is a flow chart diagramof the operational algorithm of
t he present invention systemfor controll%ng the speed of a brushl ess notor
according to and based on the difference in proportion between a desired
motor current and PETATCLED DESCRIPITONCOF. ILLUSTRATIVE EMBODIMENT

9 DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENT The present
I nvention is a current node pul se width nodul ation (PW) technique for
brushl ess notors. The present inventien msow dﬁﬁrénﬁhﬁé&étpﬂJlSéedelehand

met hod for contro Ilng a brushlesg not or Bé Qirea5|n or ﬁea3|ng

mot or exci t at MBAYLBEHRB: (FHMY) LEcBrdAHg FBrt U3 ?FFV@°BBF§r|t

negative pol apirkb¥edt an%h&‘:@;ow BvﬂH@H' at gQéséRWkagstGiﬂaio3§nd5hl§h_héa PWM
signal 36A or 36B or 36C. The P gnal varies according to an error

si gnal 35 genﬁpatéﬁntNOQAGQGrﬁlbﬁuﬁb efe wptpsréfcky increasing or
decreasing motor excitation respectively according to the
positive polarity or negative polarity of a pulse width
modulation (PWM) signal 36, such as PWM signal 36A or 36B
or 36C. The PWM signal 36 varies according to an error
signal 35 generated in proportion to the difference
between a desired motor current and an actual motor
current. The system 10 and method for controlling the
current of a brushless motor uses a PWM signal 36 that
does not require the continuous and repeated turning on
and off of the brushless motor 20 and that is based on
the generated error signél. The present system 10 and
method for controlling the current of a brushless motor
20 is able to be used in a tape servo system and method.
The present system 10 and method for controlling the
speed of a brushless motor 20 is also based on armature

positions of the brushless motor.

With reference now to the figures and in particular
with reference to Figure 1, the present system 10 for
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 systen
10 controls the current of brushless motor 20. The

brushless motor 20 is shown to have three phases or motor



-betweén a desired notor current and an actual notor current. The system 10
and nethod for controlling the current of a brushless notor uses a PW
signal 36 that does not require the continuous and repeated turning on and
of f of the brushless notor 20 and that is based on the generated error
signal . The present system 10 and net hod1for controlling the current of a
brushl ess notor 20 is able to be used in a tape servo system and net hod.
The present syistdimdd 2hd wieidndaferpiases ot imgtehewbpding9fDa Br ushfless

notor 20 is so based on armatyure positions. of the brushless r.
Win oter endhs oaoer et (obEen PE8b AST1 Suet ooyt powEreh a8 ape
Figure 1, theqisbedttsysheilding 6006 ebht FGL athe UsPhisEEe §91106t30 by
i ncreasi ng or_decreasing notor current respectively according to the

posi tive pol #9 t¥heFedegat YRR HIPAYEE ySE Lah pl#B et dt AWABRPHUEF on (P
signal 36 1is I Qf@sgé‘%fﬁ\!étgﬁ‘oéﬂecﬁ &2hs }%hﬁocé‘ﬁﬁ{?%l%hgr”sm ess

not or 20. The brushl ess not or wn to have three phases or notor
10 wi ndi ngs PAushiesdh moeoph28eshereadt orUppadi pgeeDd, skEitahdl8F &apgder

power switch 18D and | ower power _switch 22D are coupled to.the wipding Dto
control the b*?@%ﬁe%%wﬁﬁtﬁwfﬁ%ﬁt% edfe EBB%fegoR%rgéﬁAW%ﬂdiﬁﬁ EnBO1 ower

power control the brushless motor 20 thereat. The power
switches 18D, 18E, 18F, 22D, 22E, and 22F are coupled to
bulk 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 motor 20, .
through the selection of the appropriate switches 18 and
22. These power switches are excited by a PWM signal,
such as PWM signal 36A or 36B or 36C respectively in
Figures 2 and 3 and 4, according to the polarity of the
PWM signal. The PWM signals 36A and 36B and 36C will be

described in more detail later.

Hall sensors 12a, 12B, and 12C are coupled at the
input side of a brushless commutator 14, and the power
switches 18D, 18E, 18F, 22D, 22E, and 22F are coupled at
the output side of the brushless commutator 14. The
brushless commutator 14 is used to control 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



siv-t ch” 22E are coupled to the winding E to control the brushless nmotor 20
thereat. Upper power switch 18F and |ower power sw tch 22F are coupled to
the winding F to control the brushless notor 20 thereat. The power sw tches
18D, 18E, 18F, 22D, 22E, and 22F are coupled to bulk 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
t he sel ecti on tdie tdra:mnpmrdimg er;}cstw'nt GJflﬁS:lW J'_Jrﬂgalmﬂ,BéI%\. éﬁtméglﬁ pmz\?ués%tches
are excited by _a, PW si S , as si gna r 36B or

respectively Y‘"ﬁl%kbl}?%i&}a\é% ga’rﬁd ,S%c%‘?}ﬂg]i% %% 1%?‘% PR 2y Y1 the P
signal . The PANSHhIESE Scoitutdeb 368 and 36C wi I | be described in nore
detail later. Hal | sensors 12A, 12B, and 12C are coupled at the

i nput side of a brushless commutator 14, and the power svvitchée}; 18D, 18E,
18F, 22D, 22E, and t4t Q e _
commut at or 14. The %ﬁsﬁ&%%ﬁtﬁ%ﬁ%&lsﬁu%ﬁg'(tjaglc%rnéarkec;l t@dﬁ'%ﬁctlon
of and the dri3R eruphed mt ok tsi phuigs [I‘I;dE,irmw:h Fof othmrErnTrthet o
excitation of ushl ess_ not or 20. ile the motor, coptrol system S
in operation, '.nﬁghl‘r)rfo %‘F Wgn i Ay ,ztl':r,evgt?‘fﬁerf—cearoere T U TV T F n one
direction or asigmybs34 eard r£céwnrendhseisd osensis]l 1k rdmB, s fggh 12C
respectively sense and provide the armature position information fromthe
brushl ess not o32 20 ¥os EEPGHetween 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



“the corresponding notor wwndings Db E, and F. A pulse width nodulator 28 is
al so coupled to the input of the brushless comutator 14. The pul se
wi dt h nodul ator 28 has an error anplifier 30 coupled at its input. The

i nput of the error anplifier is a current reference or desired current
signal 34 and a current sense or actual carrent signal 32. The difference
bet ween desired current signal 34 and actual current signal 32 is

det ermi ned ansbrswlvdietydysidiaerapriamipitiosd 3 dbeactive aumptédter 30
i ncl udes frequency conpensati on characteristics which assure stability of
the notor curjeiMte gesrbiiar i34 ¢ heThe usetekEientdt I PFRFAHERS st ci ent

gain so_that fihe diLiel efiger el naen Lbes dasidal IR ALLYR! pEL T uE T ent s

remai n smal | normal ~‘con speed. IS erence is
out putted frothd heueremt sefde forradbual cuteethorsigiahn32riorchiahgedence

signal 35. The error.difference signal 35 is.inputted into.the pulse width
roaul at or 28, AR SR HFES TR 2080 EHHIT b “Eng bt el o

nodul ation (A4 signedlge$l seich Bisei Peéberior nzof aE¥BLsigyRy 36A in Figure
2 or PWMsignal 36B in Figure 3 or PAMsignal 36Cin Figure 4. This PW

signal 36 is debermines nand npuEPwEs t Hae P REReRE sSeRRPLP AL BFtURL

velocity current signal 32 based on the current sense
voltage signal 27 at the current sense resistor 23 and
the polarity of the-PWM signal'36} The polarity of the
PWM signal 36 determines the direction of motor I

excitation that the actual current will be driving the

brushless motor 20.

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
windings D and E, then the upper power switch 18D and the

lower power switch 22E are activated. The other power



“The l'ower 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 fromthe current sense voltage signal 27 being applied at the
current sense resistor 23. The current 13

12 sense voltage signal 27 is inputted to an active current sense

rectifier 24swiheneectshiens®sd abpp haaepzEsatbBedPVBLsigaakd36 bnomhehe
pul se width nodul ator 28 so that the current sense or actual current si gnal

32 is change@thrd hapdowdd thedbruehilessabebesi A9 L6 FﬁebﬁoﬁéFFF?doﬂnthe
PWM si gnal 3@heTBs 5%%@‘ ag&eéﬁeﬁcebda@ekgagstﬁ&ﬁbg 8@8 Byt put s the

current sense or actual Vel oGty current si he current
sense voltagép§ﬂgn§g E?gatlvhev@&ﬁﬁgﬁtb§§W§§nr§§PsWéndQBgénB 8Re Pol arity

of the PUM sicgiaal (6. oTne,PRLaLK %0k HNesE WS 9na! 13Gedeparaines the

direction of notor excrtati he actual current w riving the
brushl ess noterditz®. 22D are EhelbaMEulesEheoathbatpowé4 switches 18®,power
switches 18D, 18E,_ _18F 22D, 22E, and 22F and the brushl ess notor 20 in well
known and welfFunddEst 304 22F are de-activated.

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 is 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 td 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



manner's for brushl ess commutators. The present invention discloses that the
brushl ess commutator 14 controls the brushless notor 20 by controlling a
set of two power switches, that is, one set of two power switches is

sel ected and activated while the other two sets of two power switches are
kept de-activated. It is well known and ukderstood as to how brushl ess
comutator 14 is to determ ne and sel ect which set of two power switches is
to be activat &heam@baiy srgend .of Ttheo medweer Wwwmdigigss Dar &t @nige F are

de- act | vated. o iRHIG drdivehf IS UL WxcAldt ol iy
It e vo tage

the positive direction td i ncrease not speed by applying pos
bet ween t he weXgiltgdipramased tomarthd]@nrptp@e mﬁgpfsf\mttlm gD thed BWA€ | ower

power switch ?%5 a gﬁ QHB

13 switches %é‘én%ﬁ , f‘é,ttg%d A eQ'r %% |t\}e¥tee<§m15ne t3he a&%etrh%and, i f
t he brushl ess neafaari v20 pid dep 405 e tc&da-ﬁdl]l hmawegatshag:sﬁ Iir&ﬂidromd 0
decrease notor d b plyin e atlve voIt et wee mﬁndlngs D
and E, then tﬁ@ﬁa‘pg’ %&\?%rn &&‘F q%g&ﬂg:rl °6h YWD are
activated. THecQidagle e cuMdrihes 18D 18F 22E, and 22F are

de- acti vat ed. Wth reference now to the figures and in particular
with reference to Figure 2, a PWMsignal 36A is a digital

With reference now to the figures and in particular
with reference to Figure 3, a PWM signal 36B is a digital
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
pos%Five pulses 38, then overall the brushless motor 20

will be driven in the negative excitation direction or



-si.gnal’ generated by the system 10 in Figure 1 when the desired notor speed
Is greater than the actual notor speed. The PWM signal 36A has | onger
positive pul ses 38 than negative pul ses 40. The length of these pul ses 38
and 40 are generated based on an error signal 35 between the desired notor
current and the actual notor current. In 1B gure 2, the desired notor
current is greater than the actual notor current. Thus, the overall error
signal 35 i s mapnert twedstgraket ahenmoveagsectibeeatt ualChroirotocumiadtingEhe

PWM signal 36A is u 0 ntrol .t he power .t C tg ingrease the
current of thé’b?ﬂs%ﬁgsg ﬁ%?o%oﬁ ?n¥88g3%wﬁ§§g%§|aggﬁ Egsgﬁégﬁded to the
rectifier 24 ekonpatiibh ahd nepativk eReitatient baemsle onolthegenz2tinkhe

positive pulse 38 af the P [ gn 36A cays t he ushl ess tor 20 to be
driven in theaﬁasP?FvélgﬁcP a?bgn%hT#E&EPsﬁ %ﬁ?lént ené&éPFﬁggﬂﬁlse 40 of
the PWM si gnabo3d@fi¢aupasskhgsbanghies neghen ve0pud siee 4dr, i veit iovelrag 1
negative excitation direction. Since overall the positive pulses 38 are

| onger than t kBenbgashiespulmegsr4@0 widd beedgivenhdnhithehhegativteor 20

will be driVeBiEQcEQSnp$§iH%E?egé%iHSEiQﬁr%E ction or manner to increase
14 the notor current. The nmotor wndings D, E, and F are continuously
driven with positive excitation and negative excitation based on the

gg‘ ginget ﬁgd of f-ti g® ¢qf rtelf%rlg\QMes hg'eﬁltog’(éﬁei '}irgl(ﬁe.'cerse%'?ﬁcriinv%a&%s_\_ictdlvaer pul se
with reference to Figure 4, a PWM signal 36C is a digital
signal generated by the system 10 in Figure 1 when the
desired motor current is equal to the actual motor
current. 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 Figqure 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



“negat4 ve pul se 40, but overall the brushless nmotor 20 will be driven in the
positive excitation direction to increase its current. Wth reference
now to the figures and in particular with reference to Figure 3, a PW
signal 36B is a digital signal generated by the system 10 in Figure 1 when
the desired nmotor current is |less than tyw actual notor current. The PWMI
signal 36B has shorter positive pul ses 38 than negative pul ses 40. The

length of thgse %%snéan%raqn%h%r%o&%}er@ﬁﬁfér&ase@wm&r il 35
bet ween the desired notor current and the actual notor current In Flgure

3, the desir®d #ot @ndcdr et Gontianousdah A i Widih AGtiM® rent. Thus,

the overal | @il a%igRAlandP Hedyad IRROVRME L iBM b2 LK aaxe drhe agd ual
motor current. The PWM signal® 36B is used to control the power switches to

decrease t he adh o&fr tme; o lilh?sfﬂ%’ésimadr 3F Ih&EPWHeSRATILVIGE i s
rovided to 2 I t t e
\F/)ol tage 27. H%’g“&gg’} Ipe p%aullksgfal %@I‘%Pgﬁjg%gcauses t%xt'saaeff

brushl ess notule Hiushlless ot 120 tvhqmcme td nereax ciint afHeors ahig ednmar whi | e
t he negative pul se 40 of the PWM signal 36B causes the brushless notor 20
to be driven %% HH&OtREghite @¥EH on direction. Since overall the
negative pul ses 40 are |l onger than the positive pulses 38, then overall the
brushl ess motor 2Q Vt\ll.hI lrebfeerderr;cveer}lolvgl t:thethnee fg}ﬁ/reesexa(:rll& %'.[rll Op?aéjtl_lrc%: al.l’_(‘)n or
with reference to Figure 5, a flow chart diagram of the
algorithm 42 for the present system 10 that controls the
speed of a brushless motor 20 according to and based on
the difference in proportion between a desired motor
current and an actual motor current is shown. The
algorithm 42 starts at block 44. At block 46, the
algorithm 42 obtains the actual voltage signal 27 being
applied to brushless motor 20. The algorithm 42 uses the
current sense resistor 23 to determine the actual current
signal 32 of the brushless motor 20. At block 48, the
algorithm 42 determines direction of actual current
signal 32 from the present PWM signal 36. At block 50,
the algorithm 42 compares a current reference input
signal 34 with the actual current signal 32. A
difference between these two signal values 34 and 32 is
obtained to derive an error signal 35. At block 52, the
error signal 35 is converted into a PWM signal 36, and
the PWM signal 36 is provided to the brushless commutator
14. At block 54, armature positions of the brushless
motor 20 are obtained using hall sensors 12A, 12B, and

12C.- These armature positions are also inputted into the

brushless commutator 14 to control the brushless motor



-15." manner to decrease the notor current. The notor wndings D, E, and F
are continuously driven with positive excitation and negative excitation
based on the on-tine and off-tine of the PWM signal 36B in the respective
positive pul se 38 and the negative pul se 40, but overall the brushless
notor 20 will be driven in the negative direction to decrease its current.
Wth reference nowto the figures and in particular wiwth reference to

Figure 4, a W simnall@EE 56, atik ghiashBé goatopmies ededldyis hessgstem 10
in Figure 1 when the desired npotor current _is equal to the actual notor
current. The SSARSE AR JoE Yale tPRe s3fe PENEYR RRIEEE | S hehedstas and

negative pul s&snthbl Tk I8PRB 94 hHESE Myl 588 S8 @ddcddvate generated
based on an error signal 35 between the desired notor current .and the

actual notor <therriPowsn Fvhtekes; the desired notor current is equal to
the actual nmotor current. Thus, the overall error signal is a zero val ue
signal to nmaintain the actual notor current at the desired notor current.
The PWM signal 360he abgerithmoh? rmbvesetpodeeisipnchdeckoS8ai nhtin the

current of the brushles t 20. The P i gpal .36C is _provjded to the
Coct i fier o4 SSURBEoR (RI0FR Phoothe oingt LHiT ohe LEReEhinPE ogheEhetd
positive pul sens8pwli $1enLWWB6i BaSl a 36scoUSESvADEe br Uushl £6SaBBEQr tR@nt 0 be

driven in the positive excitation direction while the negative pul se 40 of
the PWV si gnafhsetlgensedmt 2 BeVishl Basbhethr 690whereethei hEHshheshe

TE0n e AT CLEoEK, BBor RGeS L PROPOAL b B BBt are the
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



overall the brushless nmotor 20 will be driven in the sane

16 manner to maintain the notor current. The notor windings D, E, and F
are continuously driven with positive excitation and negative excitation
based on the on-tine and off-tinme of the PWM signal 36C in the respective
positive pulse 38 and the negative pul se 48, but overall the brushless
nmotor 20 will be driven in the sane manner to maintain its current.

Wth reference/aipus ¢hmndéguirestamil drmd pistid clintdy e hndRf eliesid o
Figure 5, a fl teg; mo%?th al gorithm 42 for the present system
10 t hat contro"%ht?ﬂgs% e%g%ﬁq% ?]%ﬁffl'é%ssl?furt]o afbjaﬁfaﬁedi‘#gtt and based
on the differeveentigroporti on between a desired notor current and an
actual notor current is shown. The algorithm 42 starts at block 44. At

bl ock 46, the algorithm 42 obtains the actual voltage signal 27 being
applied to brushless notor 20. The algorithm 42 uses the current sense
resistor 23 to determne the actual current signal 32 of the brushless
notor 20. At block 48, the algorithm 42 determ nes direction of actual
current signal 32 fromthe present PWM signal 36. At block 50, the

al gorithm 42 conpares a current reference input signal 34 with the actual
current signal 32. A



ditfefence between these two signal values 34 and 32 is obtained to derive
an error signal 35. At block 52, the error signal 35 is converted into a
PWM si gnal 36, and the PMWM signal 36 is provided to the brushl ess

are obt ai ned

commut at or 14. At bl ock 54, armature posiitei ons of (i or 2
using hall sensors 12A, 12B, and 12C.' H ﬁ@g#
positions aresph$@ginputted into the brushl ess comutaton

or 17 20. At bl ock 56,
brushl ess conmut at or

brushl ess not

switches to CﬁﬂLEokstQi?%&g§h£§$s mot or 20 and to deactivate all other
e :

power sw tches.

deci si on bl oc
has a positiv
where the bru
switches to d
i ncrease noto
If it does no

al gorithm 42 noves to decision block 58. At
k.58, At bgsakgofbkhovd2rddlieng aesovbet bpeedt bE BW si gnal

trol

0
t he
t he

14 is used to select and activate one set of two power

36

it does,.then the algorithm 42 noves to bl ock 60

vag e. |If . .
gﬁP@ ieEBnWﬁFSFoFOTEr6BéP§res to select the one set of power

rive the brushless notor 20 in the positive direction to

r speed_and then Io%ps back to bIo%ktth%p contin%%rtherefron1

sensor couple e motor

t, t hBnMPhRY curren
sensing an actual motor current signal being applied to

the motor,

a current comparator coupled to and having inputs
from a current desired reference signal and from the
actual current signal wherein the current comparator
compares the current desired reference signal and the

actual current signal and generates an error signal,

a pulse width modulator coupled to the current
comparator wherein the pulse width modulator generates a
pulse width modulation signal and converts the error
signal to a corresponding pulse-width modulated error
signal,

armature position sensors mounted at least near the

motor for sensing armature positions of the motor,

a commutator coupled to and having inputs from the
pulse width modulator and from the armature position

sensors with the armature positions of the motor, and

power switches coupled to outputs of the commutator
and also coupled to the motor wherein the commutator
controls activation and deactivation of the respective

power switches based on the corresponding pulse-width



al'gori't hm noves to decision block 62. At decision block 62, the algorithm
42 determ nes whether PWM signal 36 has a negati ve“wu mllu“u“mclﬂms t hen
the algorithm 42 noves to bl ock 64 where the brush 4
operates to select the one set of power syitches to driVve thd bfushless
notor 20 in the negative direction to decrease the notor speed and then

| oops back t & L togr e [ 1t Q?:PJ e
error- si gnal qré%{lj %tzfgr%PrgPdéjf% al gcgrl%]}&l%%n%vée%étmggﬁcip d A %ﬁock
66, the brushtl@'@@rcsmaedatbatlaorse@p@mdﬁe@tﬂl@&@uemhedeﬁmr@@t of power
switches to b ss nmotor 20 in the same manner to maintain the
sane not or sg%%%& ge %E@t}é?hm 42 then | oops back to block 46 and
continues therefrom Wil e the invention has been particularly shown
and described with reference to a preferred enbodinent, it wll be
understood by those skilled in the art that



18 "various changes in formand detail may be nade th%ﬂ”mﬂﬂ - t ———
departing fromthe spirit and scope of the invention. ‘™ Iﬂ/ ]i /y”/
19 CLAI VE: What is claimed is: 1. A systemfor controlfing speed

of - a brushl ess notor conpri sing: a notor current sensor pouplbd to
the notor for sensing an actual notor curfent signal being applied to the
not or, a current conparator coupled to,and having.inputs froma

current desir@d refBfef¥eteRgRGFOBAINE  bfh Eha1Bct uaiherfiRn h%i%ﬂ%?rmhere{n

the current ceupaentosefopbarasthbe ebhpentedesired reference signal and
the actual current signal and generates an error signal, a pul se

wi dt h nodul ator coupled to the current
a current sense resistor wherein an actual voltage

being applied to the motor is coupled to one end of the
resistor and a ground is coupled to another end of the
resistor and the actual voltage and the current sense
resistor determine a value of the actual motor current
signal being applied to the motor, and

a rectifier coupled to and having an iriput from the
one end of the current sense resistor wherein the
rectifier receives the pulse-width modulated error signal
and determines a corresponding direction for the actual

motor current signal being applied to the motor.

3. The system according to Claim 1, wherein the current
comparator is an error amplifier having inputs from the
current desired reference signal and the actual current
signal wherein the error amplifier generates and
amplifies the error signal.

4. The system according to Claim 1, wherein the

brushless motor is a three phase motor having three
respective motor windings.

5. The system according to Claim 4, wherein the
armature position sensors are three armature position
sensors for respectively sensing the armature positions
of the three motor windings.

6. _ The system according to Claim 4, wherein the power

switches are three sets of power switches wherein each of



conparator wherein the pulse width nodul ator generates a pul se width
nodul ation signal and converts the error signal to a tﬂmﬁmm)mu'm,um
pul se-w dt h nmodul ated error signal, armat ure pod

nmounted at |east near the notor for sensijjg arnature posifidhs"ofsthé
not or, a commut ator coupled to an& having i nputs fromthe pul se

w dt h nodul at a fromthe,arnpture ROsitio enso 5 h e_arnature
posi t.i ons of ?hg ﬁ§F8F,SS§a has W°p8&§?rsar%§%§%5cﬁﬁgfﬁ%ﬁt%ﬁ%uFﬁﬁ?E of the
comut at or andeabsmakeupped tothheofiobdx pbweei swihehesnandlatberebntrol s
ggﬁ'r‘églggggi ﬁggggfg LA LR0 ghweRes,geRRSL' YE BRVELpeM E%E‘Eéhggﬁgﬂogﬂl ;[‘gd
error signal anothetrolf the mabopoatrasdésches ot ar lspeedswhdthcandesponds

h rren LI reference, sjignal . . .
to the curre %hggglne%heesgxeswgtchgs are coupled to six respective

outputs from the commutator and the three sets of power
switches are respectively coupled to the three motor

windings.

7. The system according to Claim 1, wherein the power
switches are controlled by the commutator to drive the
motor in a more positive direction to increase the motor
speed when the error signal has a generally positive

value.

8. The system according to Claim 1, wherein the power
switches are controlled by the commutator to drive the
motor in a more negative direction to decrease the motor
speed when the error signal has a generally negative
value.

9. The system according to Claim 1, wherein .the power
switches are controlled by the commutator to drive the
motor in a same manner to maintain the same motor speed

when the error signal has a zero value.



21-"27  The systemaccording to Gaim1, wherein the notof current sensor

further conprises: a current sense resistor mh
vol tage being applied to the notor is coupled to one rﬁllﬁﬁ“ﬂﬂﬂg !ﬂor
and a ground is coupled to another end of the resistor+a the'mac _
vol t age and the current sense resistor défermne a value of the actual

nmot or current bei n lied to. the notor a rectifier
coupl-ed to an?j avﬁn@eﬁ#ﬁognggf FORRFOHE A e? éﬁ%lt%lf slf%eee%u?#e?'lt sense
resi stor wherbirashbessenbidr ecotpeesing the prése-okdth nodul ated error
signal and determ nes a corresponding direction for the actual notor

current signal being applied to the notor. 3. The system according to
Caim1l, wherein thensingeah sotpal ahotor Scatrent osigudl ihebnghapphyednput s
fromthe current eS|r d reference signal and the actual current  signal
wherein the eFPo ﬁ?Fer generates and anplifies the error signal. 4.
The systenlaccordlng to daim1l, wherein the brushless notor is a three

phase motor having th}garlng a current desired reference signal and the

actual current signal,

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

actual current signal,

converting the error signal to a corresponding
pulse-width modulated error signal,

sensing armature positions of the motor, and

controlling activation and deactivation of
respective power switches based on the corresponding
pulse-width modulated error signal to control the motor
at a desired motor speed that corresponds to the current

desired reference signal.



the armature position sensors are three armature pos
respectively sensing the armature positions of the threecnotornw

6.

Tespettive motor windings. 5. The system accordi "ﬂlﬂﬁ”ﬁum,"ﬂlﬂmcl

sets of power sw tches wherein each of

22

the three_sets has two power switches wherein the three sets make up

ein

The system according to C aim4, mhezein the power switches are three

a

total. of six péwer T8&i RERBSdaABCRREABINTBNELBEM AR/ t WBSPEWRr BRI BERBs is an
upper switch grdsangiigraff abbfal WRoBBYEEUSYEhEN8Sgha1arlewBErSW tch and

wherein the six switchés are coupled to six respective outputs fromthe
comut at or an§°PRELERFeEh8eEEEBf Ofdwer switches are respectively coupled to
the three notor w ndings. 7. The system according to Caim.1, where

the power switches are controlled by the commutator _tg drive the notor
nore positive direBfiBE BolPkereSYETERE FBREPLsFOERLRA:KOt RBCePPEP LS| gnal

has a general leyrPg@ehkhi¥g the actual motor current signal being applied

to the motor.

12. The method according to Claim 11, wherein the step
of using a motor current sensor further comprises the
steps of:

using a current sense resistor wherein an actual
voltage being applied to the motor is coupled to one end
of the resistor and a ground is coupled to another end of
the resistor and the actual voltage and the current sense
resistor determine a value of the actual motor current

signal being applied to the motor, and

using a rectifier coupled to and having an input
from the one end of the current sense resistor wherein
the rectifier receives the pulse-width modulated error
signal and determines a corresponding direction for the

actual motor current signal being applied to the motor.

13. The method according to Claim 10, wherein the steps
of comparing a current desired reference signal and
generating an error signal further comprise the step of:

using an error amplifier having inputs from the
current desired reference signal and the actual current

signal wherein the error amplifier compares the current

in
in a



Val ue¥ 8. The systemaccording to Claimi, mhereln the p power switches
are controlled by the commutator to drive the notor iu Hﬂmﬂm
direction to decrease the notor speed when the error ﬁm Wrally

negative val ue. 9. The system according to C aiml, wher &i n*t he power
switches are controlled by the coormutator to drive the notor |n a sane
manner to nai h t e B e +&laH0 u%‘ A Zero
val ue. Akt e e FRTR N Q5 gﬂ%&l%ﬂﬁ“ﬁﬁe R t&fa! ﬁ@ﬁﬁ 11111
1111111 1il Tl and generates and amplifles t:l'@ emorAsmmdd for control ling
a nmotor speedqgf aRrUslesy rgg%%r %lﬁr{‘ﬁhos“%ﬂx%r‘gm the st&$nsing
an act ual m)tor current signal” being to thé not or conpari ng

a current desiofedomafeatdmge tsuegnmrmw:tqwlama qqnneeanorsilgmalpulse—
width modulated error signal further comprises the step
of:

using a pulse width modulator to geﬁerate a pulse
width modulation signal that is used to convert the error

signal into the corresponding pulse-width modulated error
signal.

15. The method according to Claim 10, wherein the
controlling step further comprises the step of:

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 desired reference signal.

16. The method according to Claim 10, wherein the
brushless motor is a three phase motor having three

respective motor windings.

17. The method according to Claim 16, wherein the step

of sensing armature positions further comprises the step
of:

using three armature position sensors for

respectively sensing the armature positions of the three
motor windings.



e

-generating an error signal based on a difference between “the current

desired reference signal and the actual current si r&“ﬁerting
the error signal to a correspondi ng pul se- WI dth m)$ﬂnmm‘““‘“w nal _
sensing armature positions of the notor, s«comt rel ¥ ng activation
and deactivation of respective power smn?%hes based on the correspondi ng

pul se-wi dt h nodul ated error signal to control the notor at a desired notor

speed that cdbresFdifdatdhathacanidmng desiGlain for aterainyfdre step
24 11. The erté%‘?ﬁx%ﬁ?ufq 'Hl:ﬂﬂraQJ.adr{na]rQi PGS Pt dn %f&@épé@@fb@g an

actual nmotor current si further conprises the step of: using a
not or cur r entPOHNes GwWi eduthaie sanrises Yensitrps efactual notor

current signal beipg RPRIHAL (DG MPRer switches wherein each of

the three sets has two power switches and wherein the
three sets make up a total of six power switches and
wherein one of the two power switches is an upper switch
and another of the two power switches is a lower switch,
and

coupling the six switches to six respective outputs
of a power switch controller and the three sets of power
switches are respectively coupled to the three motor
windings.

19. The method according to Claim 18, wherein the step
of controlling activation and deactivation of respective

power switches further comprises the step of:

using a commutator to control and select the
corresponding one of the three sets of power switches to
activate and to deactivate the other two of the three
sets of power switches to drive the motor in a more
positive direction to increase the motor speed when the

error signal has a generally positive wvalue.

20. The method according to Claim 18, wherein the step
of controlling activation and deactivation of respective

power switches further comprises the step of:

using a commutator to control and select the
corresponding one of the three sets of power switches to

activate and to deactivate the other two of the three



12.~ The met hod according to Clain1li, wherein the ste | ng a notor
current sensor further conprises the steps of: n!ﬁ m Hliltl “ Isense
resi stor wherein an actual voltage being applied to t N ed to

one end of the resistor and a ground is coypled to another end of the
resistor and the actual voltage and the current sense resistor determ ne a

vatue of the adusloMidie,L Y Ainel ARlg RIS CPBdEEL it ISR 07 and
using-a rectifier couple 0 an aving an 1 nput fromthe one end of the
current sense negAtivg dirgatiion He rdatiddss ther giotear tapeqeliiwemitthea

nodul at ed errcgrrsérgrpilsqm kﬂ% gg@é}g%afle H) Q;ié n\galqjg'ect ion for the

actual notor current gnal bein € notor. 13. The net hod
according to Claim 10, wherein the steps of conparing a current. desired

reference si gnal  angh SGAGHAI ek Al ELELT S AHAy [ Rte CaPriRe L, step
of : using an error anplifier I hg 1 nputs romthe curten esired
reference sigraf contrdklingg wedtiatiem andjrddaatiieratiion hef erespectnié fi er

conpares the QLS s tohes further comprises the step of:

using a commutator to control and select the
corresponding one of the three sets of powef switches to
activate and to deactivate the other two of the three
sets of power switches to drive the motor in the same
manner to maintain the same motor speed when the error
signal has a zero value.

22. The method according to Claim 10, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control the respective power
switches to drive the motor in a more positive direction
to increase the motor speed when the error signal has a
generally positive wvalue.

23. The method according to Clajm 10, wherein the step
of controlling activation and deactivation of respective
power switches further comprises the step of:

using a commutator to control the respective power
switches to drive the motor in a more negative direction
to decrease the motor speed when the error signal has a

generally negative value.



25- ‘désired reference signal and the actual .curre nal and generates
and anplifies the error signal. 14. The nethod acamm LH Uﬂlﬂu 10,
wherein the step of converting the error signal toya™w ridikhg pul se-
wi dt h nodul ated error signal further conprises the step of: using a
pul se wi dth nodul ator to generate a pulséQMchh nodul ation signal that is
used to convert the error_signal into the correspondi ng pul se-w dth
modul.at ed err8f - si gRgI Metheq a¢rardiphofoacéaidi AY, t yhersim the #kePein the

controlling sbepcbHttBeningNRELSOatEBR ShaPdehctivationUsiENgedpeginybat or
havi ng the pul se-wi dth npdul ated_error signal and the armature positions as

i nput val ues BAWSHDEYLLEReECchUEEREEOFOBPERERS 58e08EBBt OFal ues to control
the notor at a desired notor speed that corresponds to the current desired
reference signal. 16. The met hod according to C aim 10, wherein the

br ushl ess not or isualﬂaréecswa§§aﬁﬁroF°h59ng§°ﬂhFB@ FEeSpective ROVSK

wi ndi ngs. 14witbReBetBOdrageotHNfot8rCial BhébsabemghiekheoSt €p

maintain the same motor speed when the error signal has a

zero value.



of- séhsing armature positions further conprises the step of: usi ng
three armature position sensors for respectively sensing the armature
positions of the three notor w ndings.

26 18. The method according to Caim 16, wherein the step of controlling
activation and deactivation of respective power switches further conprises
the steps of: using three sets of wer sw tches wherein each of the
three sets has t L | LR the: e up a
toral of aix povbDRARENEEDE REAABRARREPERDR L RE R EsSMPTOH ¢ chbs”i < an
upper switch and another of the two power switches is a |lower switch, and
coupling the six switches to six respective outputs of a power switch
control [ er AM¥HACE t hree sets of power switches are respectively coupled to

the three notor w ndings. 19. The nmet hod according to C aim 18, wherein
the step A brushless motor (20) is controlled by increasing or decreasing motor speed

according to a pulse width modulation (PWM) control signal (36). The PWM signal
(36) varies according to an error signal (35) proportional to the difference between a
desired motor current and an actual motor current. A motor current sensor is used to
sense an actual motor current. A current comparator compares the reference signal
(34) and the actual current signal (32). A pulse width modulator (28) converts the
error signal (35) to a pulse-width modulated error signal (36). Armature position
sensors (12) sense armature positions of the motor (20). A commutator circuit (14)
receives the PWM error signal (36) and the armature positions. Power switches (18,
22) are coupled to outputs of the commutator (14) and also coupled to the motor
(20). The commutator (14) controls activation and deactivation of the power
switches (18, 22) based on the corresponding PWM error signal (36) to control the

motor (20) at a desired motor current.

Fig 1



Jof controlling activation and deactivation of respective power swtches *
further conprises the step of: using a commtator to control and
sel ect the correspondi ng one of the three sets of power switches to
activate and to deactivate the other two of the three sets of power
switches to drive the notor in a nore positive direction to increase the
notor speed when the error signal has aqggnerally positive val ue. 20. The
nmet hod according to Claim 18, wherein the step of controlling activation
and deactivation of respective power switches further conprises the step
of : using a commutator to control and select the correspondi ng one
of the three sets of power switches to activate and to deactivate the ot her
two of the three o 27 sets of. power
switches to drive the ﬁggﬁr in a nore negative direction to decrease the
not or speed when the errolN signal has a generally negative val ue. 21. The
nmet hod according to A erein the step
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;' f‘
of ctontrolling activation and deactivation of respective power swtches
further conprises the step of: using a comrutator to control and
sel ect the correspondi ng one of the three sets of power switches to
activate and to deactivate the other two of the three sets of power
switches to drive the notor in the same manner to maintain the same notor

et

speed when the error signal has a zero vglge. 22. The nmethod according to
Cl ai m10, wherein the step of controlling activation and deactivation of
respective power switches further conprises the step of: using a
commutator to control the respective power switches to drive the notor in a
nore positive directi to increase the notor speed when the error signal

has a general ly positi¥e val ue. 23. The %8 hod according to q‘ﬂﬂnlo,
wherein the step of controlling activation and deactivation of respective

power switches furthe onprises the step 3§$b using a co tator to
control the respecti’eag the notor in a nmag@VJnegati ve

ower switches to
direction to decreas he notor speed when e error signal has e.‘general |y

negative val ue.
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28 24 The method according to Caim10, wherein the step of controlli ng
‘activation and deactivation of respective power switches further conprises
tfe step of: using a comrutator to control the respective power
switches to drive the nmotor in the same manner to maintain the same notor
speed when the error signal has a zero vgJgle.
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g 46 g 64
Obtain actual voltage being Operate Commutator to
applied to motor & Use current Select the One Set of Power
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y Decrease Motor Speed
Y ¢48

Determine Direction of Actual !
Current Sense from PWM A
Control Signal '

‘ §50

Compare Current Reference
(Desired Current) Input with
Actual Current Sense & Obtain
Difference between two values
to obtain Error Signal

1 g'52

Convert Error Signal into PWM
form & Provide PWM Error
Signal to Commutator

q 60
l § 54 Operate Commutator to
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