-1 - 222863 BRUSHLESS MOTOR DRI VI NG SYSTEM:z1. BACKGROUNRL., °.
OF THE | NVENTI ON FI ELD OF THE | NVENTI ON This invention relates to a system
for driving a brushless notor used in an audi o device, a visual 5 display
device and the |ike. DESCRI PTION OF IHE PRI OR ART High reliabd ity angl & 3
| ong useful service life are required for a notor used in an audi o device, .
a visual display device and the like. In order to 10 satisfy the above
requirenents, it is a recent tendency to enploy, in place of a conventional
d.c. nmotor having brushes andpmiciPEEs M6k .pRAVER: &bt®fl brushl ess notor in

whi ch a position sensor is provided to detect the angul ar position of

rotation of a rotor and, on the 15 basis of the output signal of the

position sensor, a gluraliﬁéﬁof drive transistors connected in series-with
a pl ural} t \BAFKGROYND OF| THE INVENFEPNty of phases respectively are
sequentially turned on so as to continu- ously rotate the rotor. 20

The struct FEEHAOCBEpEREt IFVENTIONrj or art brushl ess motor driving system
will be described with reference to Figi. 3 to 6. Fig. 3 i ayglock circuit
connection di agram of Pe FAVER LI FOSRAFRESERoRofYSHSR FP%S T EHFRY
Referring taobrushless motor used in an audio device, a visual

5 display device and the like.

DESCRIPTION OF THE PRIOR ART

High reliability and a long useful service
life are required.for a motor used in an audio device,
a visual display device and the like. 1In order to

10 satisfy the above requirements, it is a recent tendency
to employ, in place of a conventional d.c. motor having
brushes and a commutator, a so-called brushless motor
in which a position sensor is provided to detect the
angular position of rotation of a rotor and, on the

15 basis of the output signal of the position sensor, a
plurality of drive transistors connected in series with
a plurality of drive coils of a plurality of phases
respectively are sequentially turned on so as to continu-
ously rotate the rotor.

20  The structure and operation of a prior art
brushless motor driving system will be described with
reference to Figs. 3 to 6.

Fig. 3 1is a block circuit connection diagram of

the prior art brushless motor driving system. Referring to



| 2 £ -
-2 1 Fig. 3, drive coils 40la, 401b and 401c of a brushless notor are -".
connected in series with drive transistors 403a, 403b and 403c
respectively. The drive transistors 403a, 403b and 403c are grounded at
theiN_emtters. 5 These drive transistord #03a, 403b and 403c are
connected at their collectors tg_a power supply term nal 402 through the
drive coil st 40Aig. 48tb 8raveoceilss fdkanAQibandndPlc; e ar byashless
transi stors 403a, 403b and 403c are connected at, their cgllectors to

a
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correspondi ng 1 nput termnals respéctiv rgization swtching

circuit 410, aprguffl ¢REJarIvek WA LUURNI £015Ubha4d160rEBRAAVAY o

at its output termi to a corresponding input term nal . .
energi zati on sphteRERY €heCdirlivel G randiesines 04@3a, 250 8b0ANWVADGR RG-e

circuit 410 is connected at its output termnals to correspondi ng i nput
term nal s respeshh¥6t¥d at their collectors to inverted input terminals-
L 10 of comparators 405a,_405b and 405c respectively. The
power supply terhina1.402 is also connected to non-
inverted input terminals of the comparators 405a, 405b
and 405c. These comparators 405a, 405b and 405c are .
connected at their output terminals to corresponding

15 input terminals respectively of a differentiation -
circuit 408, and this differentiation circuit 408 is
connected at its output terminals to corresponding
input terminals respectively of a delay circuit 409.

The delay circuit 409 is connected at. its output -

20 - terminals to corresponding input terminals respectively
of an energization switching circuit 410, and a forward-
backward command circuit'4ll‘is also connected at
its output terminal to'a corresponding input terminal
of the energization switéhing circuit 410. The energizaf_

25 tion switching circuit 410 is connected at its output
terminals to corresponding input tefminals-respectively

- of an energization switching.signal amplifier circuit

406. This energization switching signal amplifier



“of an energization sw tching. signal anpllfler circuit 406 This * ~.¢r o2 ®,
ener.gi zation switching signal anplifier -3- 1 circuit 406 is connected
at its output terminals to the bases of the drive transistors 403a, 403b —
and 403c respectively. The operatien3of the prior.art brushless nmotor 5 fhﬂ
driving system having the structure described above. will now be describe
wi t h rédf ecdreaiitto 406sis mamoctedgatmtshowspmgmmae&s;rm Hppeari ng
when the brushless notor in the system shown in- FI% is rotat- |ng in
the forwabgses #ff dhe drivettoansisgors. 48Raus 499 @t@neﬂo-’mvef orns
appearing when the brushless notor is rotating in the backward rotational
dri ecti onXegR@ctiyely¥ shows signal waveforns appearing when a backward

the-forvard rotat orthe @weﬁ&%ﬁﬁ&”‘ﬁ@o&%ﬁo@fj‘é%%ims?&&gq efapaine in

Pavi ng Sve BEPTRTE t?%&ﬁa% 164 ERg sﬁ?ééfﬁ%‘écéé's‘c%%ﬁé R Coi 1 & 401a,
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signals [eiyd. 4 4 ' shows 51gna1-waveforms appear;ng;whenuthe_

' brushiessfmotor_in the sYstem-shownoin;Fig,g.3.is_rotat—
eing'in-the‘forWardorotational-direction,frig;fi "shows
10 signal waveformS'appearing when’theobfushieSS_ﬁotor L 'Q)
is rotating in the backward rotational driection,
‘and Fig. 6 shows signal waﬁeforﬁsVaPPéa:ing.Whenga -
backward rotationecommand'signel:is-ebplied while:the
brushless'motOr'is:rotating in the forwafdlfotational
15 direction. . . |

' A power-supply voltage-V402 iéjepplied to the
power supply terminal 402,_and.vol£ages)34bla; Ejo1p R4
E401c having waveforms as shown'inoFig; 4. are induced
in the drive-ooils 401a, 401bfand~401c1respective1y.

20 The~comparetors 40$a,.405b and 405ceooﬁpare the voltages
E401a; Es01p 20¢ E401¢ with the_power:supély:Voltage
V402 and generate output signals V405a,_v405b'and V405c
having . waveforms as shown in Flg. 4,.: respectlvely.

For -example, the output signal_V4osa;ofﬁthe:comparator

25 405a compéring-the voltage E :with thefvoltage.v

401a
401a 2 V402 Dut it is

402
:Ls'V4'05a of low 1evel when E

V4052 °f high level.when Ego1a <V 402_f.The differentia-

tion circuit.408,differentiates.theeléad;ng3edges of the



havi ng waveforms as shown in Fig. 4, respectively. For exanple, the output®-
signal [-err] of the conparator 25 405a conparing the voltage [err] with

the waltage [err] is [err] ©of lowlevel when [err]but it is V of high
| eveNwhen [err] The differentia- tion-cireuit 408 differentiates the
| eading edges of the 4 1 #output signals [err] ofithe respective

Poc havi ng wavef orns as. shown Thes se signals Poa, Pob and
Poc are 5 apm¢QmpatathEsdé0§§fcﬁﬂ§biBndogoﬁwr@mﬂiqmn&##tmﬁypaleeturned
into pul se signals Pa, Pb and Pc del ayed by a predeterm ned delay tine T
relative to t LIRS nBPasi Bakl andoRocphRviRg PRYVefIRT (3% FHOWNen t he
forward- backward command circuit 411 generates a forward rotation 10

conmand si gnali} &F$9-tfle enthgpeaPrdfes HlooRilsy FQac Fab ARA RAer ares
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signals Poa, Pob and Poc respectively. When the forward-

conpar at or & 4@ﬁ$pm5$)iqndlﬂ:osgbggq yg?grbalam Mo%e:i'.sﬁ@rﬁte;- Pespeptivend
n"Fig. 4. u

backward command circuit 411 generates a forward rotation’
./ 10 command signal.VF/R, the energization switching circuit
410 generates energization switching signals Va, Vb
- and Vc having waveforms deﬁermined by the pulse signals
Pa, Pb and Pc supplied from the delay circuit 409. .
That is, the enefgization switching signal Va is
15 turned to high level in response to the application of
the pulse signal Pa, but it is turned to low level in
respornise to the application of the pulse signal Pb.
The energization switching signal Vb is turned . to
highflevel in response to the application of the pulse
20 signal Pb, but it is turned to low level-infreséonse
to'the'appliCation of the pulse signal Pc. The energiza-
" tion switching signal Vc is turned to high level in
response to the appliecation of the pulse signal
Pc, but it is turned to low level in response to the:
25 'application of the pulse signal Pa.
When the motor is rotating in the forward -
rotational directioh,'the-energization-switchiné

‘signals, Va, Vb and Vc provide optimum energization



high 1evel in response to the application of the pulse 20 signal "Pb;-*but "~ *.
it ILs turned to low level in response to the application of the pul se
signal Pc. The energiza- tion switching signal Vc is turned to high level,
in response to the appliecation of-tBe-pul se signal Pc, but it is turnedTp
| ow | evel in response to the 25 application of the pulse signal Pa. Wermr™
t he nolortimingtwithgriesddet ftowehd Ln8atednubltiagectsigmaldéie energi zation
swi tching signals, Va, Vb and Vc provi de optinum energi zation -5- 1 :
timng wEpqgggspBg lgoaﬁdaﬁ ed, Thekeagnesgdraltidnerawi tidteimg
energi zation switching signals Va; Vb and Vc are applied, after having been
anpl i fi edsignalighVahe Vbnangl Aéc i anesapphiedg sifgexl havinglbdemr circuit
406, to the bases of the respective drive transistors 403a, 403b and 403c,
so that t#ePkbdféedcshromads the energénatjonoswitheinghesignamrd rotational
direction. On the other hand, when the forward-backward 10 conmand circuit
411 geheraMBLifigrcRAECHItt406 orteoiRanBagegnal Eber FafPagtiVet or rot at es

‘in the bagkward rotational .djrecti . signal waveforns as shown in Fig. 5
appear iﬁg?ﬁ¥e$§§PEﬁFSqQF§fdé?%a5§83?h%g@ﬁépégiaFPoﬁhﬁﬁmﬁﬂﬁrﬁF%ﬁﬁnal Va
'S turnEdcégtgths to efficiently rotate in the forward - .- - :

rotational direction:

- On the“othef hahd,-when:the fo£wardfbackward

10 command circuit'All'genérates'a-baCKWard_rbtatiop _ . Ny,
command signa;'VF/R, and the motor'rbtates in»the_
" backward rotational direction, signal-wévefbrms as shown -—

in Fig. 5 appéar in the system. Ihfthis,caSe, the
energization'siwtching signal Va is turned to high-:

15 level in responsé'tO'the application of the pu1sg :
signal Pa};but'it-isxturned to low level in response -
to the application of the pulse signal Pg; thefeﬁergiza-
tion switching'Sigpal Vb is turned to:higﬁ'ievé1 in_.
response to-the application of the puise signal—Pb,

20 but itis turned to low level in-réSponsgfto,the;_
application of the:pﬁlse signal Pa;-ahd thevépergization
switching signal V¢ is turned to high level 'in response
to the application of thé pulse siénal Pc; but it is
turned to low level in'resbonse to the appliCation of

25 the pulse signal Pb.- | |

In this case too, the energization switching
signals Va, Vb and Vc provide-optimumJenergizatibn

timing with res?ect_to the induced voltage signals



15" level i-n response to the application of the pulse signal Pa, but if i-§- ='a
turned to low |l evel in response to the application of the pul se signal Pc,

the energiza- tion switching signal Vb is turned to high level in response

to tHelapplication of the pulse signal=M,~20 but it is turned to | ow

| evel "in response to_the appki’€ati on of the gulse S%g@al Pa, .and the

enelrgi Z?F i bn ?x\?%ghi-ﬁlgogbgﬁé{a ;ﬁzgl%%ﬁ%e?@ ?FﬁhmP QE| fpﬁqlé%l I s¥to the
application o he .pul se signal Pc, hut it is rned to low level .in
response to tRELAGAENEAY; &9 %H?qfﬁ?ﬁnﬁ%ﬁk@?ﬁ#aF°gﬁ¥lPﬂ hdd resdel Mo,

t he energi zatjon sw tching_sign Va,. Vb and Vc_provi de_opti.mum .

energi zati on i+ﬁ?nbnmﬁgﬁ éfﬁbéﬂgE@%wﬁ???ﬁ&&%dlvoﬁgsgg°§V§ﬁ§|§°ta§%9nﬁ}
[err]so that ahe tor continues to efficiently rotate in the backward
rotational di éEFEgﬁ°Prke in the case of the rotation in the forward

rotationaldirection.. 5 eﬁ$ﬁq“§[ﬁﬁgﬁﬁgﬁ,sg?ggﬁggggkﬁggg g@tpgéyéwfout

bel ow has %een encOunteP&yl or-art S notor driving system
That is, when e bQﬁf§ G R FLEULL, 4 t ackward
rotation com%%g g%%%\g/%g%err %ﬁdeﬁfhe n%%%%?sé?gt %%P%g‘&:é%%t ﬁ%t%op
forward rotatjpnghndi Lgsltell trHatsWid Chikdh StRBaksrWBYaRBhckward

command circuit 411 generates a backward rotation

command signal VF/ while the motor is rotating in the

R
\_ 10 forward rotational direction, the switching signals may not
act to produce torque which is of the opposite direction

with respect to the rotational direction of the rotor, and
the rotational direction of the motor may not be changed.
Also, because the delay circuit 409 employed in the
15 prior art brushless motor driving system includes means
such as a monostable multivibrator providing a fixed
delay time, the system has not been applicable to a
brushless motor whose rotational speed is variable over
a wide range. Further, the prior art brushless motor
20 driving system has such an additional problem.that-the
" motor cannot be started from a standstill state because

.voltages are not induced in the drive coils of the

individual phases in such a state of the motor.



act to produce torque which is of the opposite direction withe respech to KNS
the~rotational direction of the rotor, and the rotational direction of the
not or may not be changed. Al so, becBuse t he delay circuit 409 enployed in, -
~the 15 prior art brushless notor driving systemincludes neans such as a7y
nonost abl e nul tivibrator providing a fixed delay tine, the system has noéﬁﬁ
been applicable to a brushl'ess notor whose rotational speed is variable
over a wide range. Further, the prior art brushless notor 20 driving system
has such an additional problemthat the notor cannot be started froma
standstill state because voltages are not induced in the drive coils of the
i ndi vi dual phases in such a state of the notor."’ ~7- 1n accordance with
the present invention there is provided a systemfor driving a brushl ess
nmotor conprising a plurality of notor drive coils of a 15 plurality of
phases respectively, a plurality of drive transistors connected to the
drive coils respectively, an energization switching circuit sequentially
supplying a plurality .of energization switching signals to the drive

transi stors respectively so as to switch over 20 ‘energization of the drive
coils, reference phase detecting neans conparlng voltages |nduced in the
drive coils with'

" In accordance with the present inventién-there is.
provided a system for driving a brushléSS motor
comprising a plurality of motor drive-doils.of-a :

15 plurality of phases respectively, a plurality of drive
transistors connected to the drive coils respectively,
an energization switching circuit .se'qu.entiall,y, -suppl-ying
a plurality of energization switching signals to the
drive tran51stors ‘'respectively so as to sw1tch over

20 energization of the drive c01ls, reference,phase;
detecting means comparing voltages inducea-in the drive.
coils with i

a power supply voltagé-for-detecting;a reference
phase of rotation of the rotor of the motor thereby

25 generating a plurality of reference phase pulse  sigaals—

15 ot ] 13 - _zos tivel
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apower. supply voltage for detecting a reference phase of rotatidn of -} ha®s o'
rotor of the notor thereby 25 generating a plurality of reference phase:* '

pul sg. [err] signals corresponding to said plurality of phases
respgctively; energization switching pulse generating neans for generating
a plurality of energization 5 swi tching pul se signals corresponding to

said plurality of phases respectively, when a.predeterm ned delay tine has
el apsed fromthe generation of said reference phase pul se signals; and
delay time setting neans for §ettimg®sard 10 predeterm ned delay tine

to a value proporfional to a perjod of ti from.the tj of generation of
one of said ener$iFALBFOXHPS %Gpséaﬁgﬁmléﬁﬂ%é@m% to-a drive
coil of one phase and the time of generation of one of said reference phase
15 pul se si grEFREEI¥EIYing during a de-energization tine period of a

drive ool of the next phesgeol i Buobeer IR oibdagvstem i
o on™n,! e S5y’ BAbAAOEP o phuPAREP e GBS adiPCl 20 o
ener gi zat gon switching pulse signals corresponding to said
plurality of phases respectively, when a predetermined
delay time has elapsed from ihe generatién of said
W, : reference phase pulse signals; and
delay time setting means for setting said
10 predetermined delay time to a value proportional to a
period of time from the time of generation of one of
said energization switching pulse signals |
corresponding to a drive coil of one phase and the
- time of generation of one of said reference phase
15 pulse sigﬁals occurring during a de-energization time
period of a drive coil of the next phase.

‘In the brushless motor driving system in
accordance with the present invention voltages induced
in.the. motor drive coils when the motor is rotating

20 are continuously detected to produce the energization
switching signals thereby switching over energization
of the drive coils, so that the motc->r can be

contiﬁuonsly driven at optimum energization timing



of the drive coils, so that the motor can be continuously driven at epti mim °
energi zation timng -9- regardless of the rotational speed of the notor.
The invention will be described now by way of exanple only with partl cul ar,,
reference to the acconpanying drawi ngs. In the draw ngs: 5 Q
Fig. 1 is a block circuit connection diagram show ng the structure of an
enbodi ment of the brushl ess mptor driving systemaccording to the present
invention, Fig. 2 shows signal waveforns appearing in 10 the system.
shown in Fig. 1, Fig. 3 is a blogk €ircuit connection di agram show ng the
structure of a prior art brushless notor - 10- 1 drivi ng system Fig. 4
shows si gnalrmgsm%@@m@timh@pepﬁ ofi t,h@mﬁqr-ﬁ g: 3 when the -
notor is rotating in the forward rotational direction; Fig. 5
shows signal wavef or n@%mth@nlw%h@%ﬁﬁﬁmm PYFWQY 3 when the

notor is
| of example only ‘with particular: reference to the

accompanying .drawa.ngs. 'In the drawings::
5 | Fig. 1'is a block circuit’ conne_ction.__ diagram
showing the s't':rﬁc':tﬁre of -an embodiment of the |
brushless motor dfiving' system according to the .
present invention, = o S | _ \J
Fig. 2 shows signal waveforms appearing in
10 = the system shown in Fig. 1,
Fig. 3 is a block circuit connection diagram

showing the structure of a'prior art bruehless motor



rétating in the backward rotational direction, and Fig. 6 showse®signat .*. ‘-
wavefornms appearing in the systemshown in Fig. 3 when the rotational 10
diregtion of the nmotor is changed. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
A priferred enbodi nent of the present invention wll now be described in
detail with reference to -Figs. 1 and-21015 Fig. 1is a block
circuit cohnedxivingi sys&emshowi ng the structure of a first enbodi ment of

t he brushl ess notor driving systemaccording to the present invention.
Referring to Fig. 1, drFig.codl shoys mignal mavefoonsaappeamiag imtor are
common- connected at one end to a power-gupply termnal 3 to which a power
suppl y vol t agehgceYs§eBpshoya imddd «rdvehen | khemobgryhg rotating
connected at the other ends to the collectors of drive transistors la, Ib
and | ¢ respectpvEhe ZRywasd;rofatdanady irectionit terninals of a
reference ghase detector .circuit .6 which includes congarators.lla, I1b, Ilc
and associted differenfiror’ FROWS Fiondl wavefoyRs appeqrdng e

transistors |la tFFand enmtters The reference

L c_ar rounded. at thei.r
phase. det _ectb? CEVFtS“_'i & °g"61nr11&&git?'at t:"i (R Bt TgFﬁfnétlss‘ to
correspondi ng, L pput (Let Ml RALS 8RN W da O oy CELALERERO akyM t Ching
Fig. 6 shows signal waveforms appearing.
in the system shown in Fig. 3 when the rotational
o/ 10 direction of the motor is changed.
' DESCRIPTION OF THE PREFERRED EMBODIMENTS
A preferred embodiment of the present invention will now be described _

in detail with reference to Figs. 1 and 2.

15 Fig. 1 is a block circuit connection diagram
showing the structure.of a first embodiment of the
brushless motor driving system according to the present
invention.

Referring to Fig. 1, drive coils 2a, 2b and 2c

20 of a brushless motor are common-connected at one end to
a power supply terminal 3 to which a-power supply
voltage Vcc is applied. These drive coils'Za, 2b and
2c are connected at the other ends to the collectors
of drive transistors la, lb and lc respectively and

25 also to respective input terminals of a reference phase
detector circuit 6 which includes comparators lla,

11b, 1llc and associated differentiators 12a, 12b, 1l2c.



5 pulse generator circuit 7 and also to corresponding input termnal’se . ¢
respectively of a delay tinme setting,circuit 5. This delay tine setti'ng’

circuit 5 includes conparators 20,21, "OR gates 22, 23, an RS flip-flop
24, a capacitor 25, and transistors 30 to 38 and is 10 connected at its ;%q

pul b Jondiie gie ke chPensistaREC 180 Th nd’ i Sr€ (oAU dns <t PRELAL or
O T R ERRTE L oihE! b SrQHLR bR St B LR B L
eLudes (U hedtaRoa ot 50 a0 d86nsnlie E5LOLERLLSRaRAY! o1 10 o] ol
20" ener g A T PorfEATRCPLbBACP VLY, BF M ATRILCASE el fihing | [0S
espoct vlyLoT popk Aol WaERaLL! FEaR ¥3.9¢ N A TeROle coi s 20,
perati on Ao EhacEHR e el e B Svetemol
the presendir&yepi 50N PRIENAelEg €imUCEerT (iR CFiRogiaboVimeLhdegow be -
comparators 20, 21, OR gates 22,.23{.an Rs'flip;fiQp 24, |
a capacitor 25, and transistors 30 to 38_and is
10 connected at its output terminai to another input
terminal of the energizatipn.switchinq pulsé generator
circuit 7. This energization switching pulée.genefator
circuit 7 is connected at its output'térpinals.tqh
corresponding ihput terminals_respectivély of an |
15 energization switching circuit 8 which includes.flip-
flops 15a, 15b éhd.lSc; This.energization_switching
circuit 8 is connected at its output termiha1s tb__
corresponding input terminals fespectively of an |
energization switching signal amplifier circuit 4; This
20 energization switching signal_ampliﬁiqr circuit 4 is \U
connected at its output terminals_to_the bases of the
drive transistors la, 1lb and-lc,respéctivqiyﬂ
In Eig. 1, voltages Eﬁ),EV and Ey are iﬁduced in
the drive coils 2a, - 2b and 2c respecfivgly wheﬁ the
25 Dbrushless motbr-is,rotating.
Thé operation of the first embodiment.éfﬂﬁhe
brushless motor driving systém-of_the p%esenﬁ in&ehtion.

‘having: the struqture.described_abovéuwill_npw_be



- 12 - 1 described with reference to Fig. 2 which shows signal wabefor-s «® o

appearing in the systemshow in Fig. 1. _\Wen the notor rotates, the
t hr ee~phase voltages [err] having wavelolfg as shown in 5 Fig. 2 are
i ndusgd in the notor drive coils 2a, 2b and 2c respectively. In the

fer hase d or cirguft 6, these jnduced Vo AN
Compar od i { HESR PRk L ERoFSESERPESe COLE 1) (4 OURUTAFADBPS SABERY | b and
e tivel d_out put 10 si _ havj | f
s shown in MaeEoEs Sahtnsiae” oRen sVt et RnERIorE 1o I1b
d 11lc. The differenti 2a, 12b di L at traili
dges of the rectangul ADGRVENS, HPEPS, SREAER ) thE EEEE BunbE (5 0D

edges of the rectangul a er and gener at reference

phase pul s SBldel 7] Ehehlg OBl PHEyIHan Yoy d FORE Y LHownTi500

ref erence phase s@fynaVs T err¥ in € crossing trmng of the

fai1ng | Blugery Vo3t 20€S; h8hEda il kAL holldd diifve 81101 260C 2BOMRg SUPP! Y

vol t age Vcc and us“represen reference phase o Ion of the

rotor of the fuushlesserpLey. —Thetfe' setieinsifcd Bibed baeestppal s [err]are

applied to the energrzation” sw tching pulse generator circuit 7 and turned
into respectiyer&REE 96 ZaLHheE f?&ﬁééagv@mﬁggégiﬁl n@lsaﬁgrg&tagbch are
pu

del ayed by a predeter- nlnedeze ay tinme T deternﬁ%gd %y an o t signal Vo
of the del ay ddmpPasedt¥DEhCthéUpbwer th@plyerastdge Vcc by the
| coﬁparators'lla,.llb and llc respectively, and output
\_ 10 signals CU' CV and Cw-haying a rectangular wavgform
as shown in Fig. 2lare generated from the respective |
comparators lla, 1lb and llc.. The differentiatq;g:iZa,
12b and 12¢ differentiate the trailing edges of the
.rectangular waveform signals'CU, Cy and_CW.and generate
15 reference phase pulse signals Puor Pyo and Puo s -
their output signals respecfively. These reference
phase pulse signals PUO' on and Pwo.indicate the
crossiﬁg timing of the falling induced voltages Eyr Ey
. | and Ew with the level of the power supply voltage Vcc
20 and thus represeﬁt the reference phase of rotation of
the rotor of the brushless motor. These reference
' phase pulse signals P

P.,. and Puo are applied'tq

Uo’ “Vvo 0
the energization switching pulse generator circuit 7

and turned into respective energization.switching pulse-

v
mined delay time T determined by an output signal

25 signals PU' P., and PW which are delayed by a predeter-

Vo of”the'delay time setting circuit 5. These energiza-

-tion switching pulse'signals--PU,-PV and.PW_are-applied



. ob

tion switching pulse signals [err] are applied - 13 -2'1 %o the "% s
energi zation switching circuit 8 The flip-flop 15a in the energi zation’
"switching circuit 8 is set in respd3se to the application of the .
ener.gi zation switching pulse signal [err] Then, when the energization —
switching 5 pulse signal [err] is applied the flip-flop 15b is set, whi | &
the flid-ftopthéaenergdzationTissitalicng tebroudtyibzat iThve skiiptflop pul se
signal [err] is applied, the flip-flop 15c is set, while the flip-flop I5b

i s reset. ¥baréaftbe, efesgiziation gyitszhingpcinguisdc 8aris 9ot ridpeatedl y
set and reset in the order described above, and three-phase energization

swi t chi ng 5¢gRensectPUtheurpPlicatiion £ HhecpreagizadhamswHaGhingt i on
switching circuit 8. It will :be seen in Fig. 2 that.the energization 15

swi t chi ng BRYfGI §igp0d, Poury TR OYRRTHridE dRPEFEARR e A0 ti ming
wih regmeciyte e goeed volages [l etespettivait e
Aol 1ot WS EhB BLspfRlop,d%e e PSR T volhPane rkEs SHE | D and T e,
a5t hlpsbEFRELnl STl b YRR B T Soplles, il 2 2
flip-flop 15c is set, while the flip-flop 15b is reset.
-Théreéfter; the fiip-floés.lSa;'lefahdflSc_are_ |
10 repeatedly set aﬁé“réset in the order.déscribéd abqve,
and three-phase éﬁéfgiZa;iOn switcﬁing,éigpaISwoumu;
OUTV and OUTW are generated from~the.en¢rgizatioq_:
switching cirCuit'S{ | | |
It will be seen in Fig. 2 that the energization
15 switching signals OUTU, OUTV and OUTW provide optimum
enefgiZétioh tihing7with'res§ect:to.thé induced_
voltages Eh;'EQ

energization switching signals OUTU, OUTV and OUTW

and-EW-tespectivelyJ_'Thése,th;eerphasé

are'applied{'éfter'having been power-aﬁplified-bguthe
20 :ehergizaﬁion*sttéhiné signal amélifier;cixcuit 4, to
the bases of the drivé*transistprsfla..ib and lc. -
.respectively,;the;eby-sequentiaiiy_ene:giziﬁg the motor
drive coiIS'Za;:2b and'2c; PTherefoie, the brushless
| motor"continues=t0'efficieﬁtly'rotate.,:
25 S The operation of'the deléy time setting_circuit-
5 will now be'dgscribed.‘ This delay ti@e_setting _
circuit 5'inc1u§es;“fbr'example; a.chaxéerdischaige ;

citéuitffor'the*éapacitor designatedvby~theﬂreference



nmot or continues to efficiently rotate.” 25+ *. The operatt or” 6f the
delay tine setting circuit 5 mﬁll'ndmgbg4d330ribed. This delay tine )
settjing circuit 5 includes, for exanple, :a charge-di scharge circuit for the
capagist or- designated by the reference - 14 - 1 nuneral 25 in Fig. | and

havi n i l, . ' ' dstill d
a1 2 FeRCabRIC ML i MRS IPLES b Sl AL L SLat e and
Ihet 1=, Lol OR3! BobSE ke 0% LALEHBERIOb 3Rl ih Uy s 00l oy (e

charged and dj ed rQuUEh .. rge-. di 5 CUid C ituted b
t he '?r ansi stgégggghgd §§Q %%g@(g%g?gg%fasjg gg&gﬁgﬁ agﬂloj é’tm gée&?i&w th an Y
out put 10 cugrent..lLo.afb | st , 3 and t ersm.nal |t agge Vco of
t he capaci tglrSWQSElr%cnggségse%ﬁ?éc%dnpg:haﬁflgb tc"'i(')l%%aer' %s':L 'H[r{{kliss ;%Gﬁ g%VO

vol tage Vgo gf4atBe cgggchbqra Mdd b "EIET 8888y VitROSd& {dgWhil e the

conparator 21 conff@res the capacitor termnal voltage Vco with” 15 anot her

reference vot§agailkes] ThaUsaptidtdh2yhiting ¥he dapatitmysethe

relation Vco [err] the conparator 20 generates an output signal of high
level . Becaugglhbecr @kechasgedhatfl [aischargaal ehirough & eHtgsti| |
generated at that tine, the OR gate 22

discharge circuit constituted by the transistors 30 to

38. The'capacitor725 is initially charged with an output
10 current Io of the transistor 33, and the terminal
voltage Vco of the capacitor 25 increases. The comparator
20 compares this terminal voltage Vco of the capacitor
25 with a reference voltage VH’ while the comparator
21 compares the capacitor terminal voltage Vco with
15 another reference voltage vy, ‘Thus, when the voltages
Vco and Vg have the relation Veco 2 V., the comparator
20 generates an output signal of high level. Because

the reference phase pulse signals P and P_

vo’ Pvo 0
are not still generated at that time, the OR gate 22

20 generates an output signal Po of low level. Therefore,
the OR gate 23 generates an output signal of high level
to set fhe flip-flop 24, and the flip-flop 24 generates
an output signal Vo. At this time, an inverted output
signal of low level appears from the flip-flop 24 to

25' turn off the transistor 30. When-the transistor 30
is turned off, the current mirror circuit constituted

by the transistors 31 and 32 provides an output current

4Io, so that the capacitor 25 is discharged with the



20 generates an output signal Po of |low level. Therefore, the«OR gd%ef?S
generates an output signal of high-hevel to set the flip-flop 24, and the
flip-flop 24 generates an output signal Vo. At this tine, an inverted -
out put signal of low |level appears fromthe flip-flop 24 to 25 +turn oflez
t he trfnsistor- 0 ..VQe? the_&ransistor_SO is turned off, the current '
i rrorlci FREFEREoALP FufER By IPe transistors 31 -and 32 provides: an out put

current 4lo, so tha&h%gg_%ﬁgﬁq%khg§%iﬁfiéﬂsggapgeq_whb&dg?ethe- 15 1

current 3lo = 4lo -- e relatiof V@ [err] holds; the

conpar at of (21, 0888 abES b8 QRN ¥ GAlpRE Bighahicvel nign eset the

flip-flop he™t Fansi st or I s turned on by the inverted output

signal of,hi:gh LevebsaRPeak #9if-F0dg'24 ) | nél! eRe24ranblisitrs 30 me, the
current 4T0 I'S not “supplied, and the capacitor 25 is charged by the current

lo agaé“-ilhﬁﬁfﬂfeh%n'bgétﬁaaﬁwﬁé?&laﬁﬂ@pﬁzcb&gﬁel @€shighed above is
p

repeated so that the capacitor 25 is repeatedl y charged and di scharged at
the char ggeyvdhsappeadingt ifeoff thel flifefiope2dnt oAtsthiss timerotate, the

reference phase pul se signals [err] are generated, and the output signal Po
of the ORpat eui¥eni? 41es is mdtssuppleied m andhthe shpacitorFiZp 2. The
is charged by the current Io agaip,_ __
. Thereafter, the Chargerdi$¢harge cycle
10 described above-is repeated-so ﬁhat;the ¢apacitor 25 is
repeatedly charged and.discharged atQ£hé_qhargef |
discharge-ratio'of 3:1.. When the motor starts to rotate,
the reference phase¢pulse,$ignalshPUo, Pvd and PWO
are generated,'and_thé output: signal Po Qf.the_OR_gate
15 22 has a pulse waveform such as_shqwﬁ'in_tigr 2. The
capacitor 25, which=repeats the charge-discharge cycle,.
is discharged when the relation_Vép_;'VH_is_rgachgd_, ]
to set the flip-flop 24 through the OR gate 23 to which
the pulse signal_Po.is aéﬁliéd. 'Thus, as shown in
20 Fig. 2, the terminalfvoltage.Vco of thg qapaqito;.25_ ' . o/
changes in a relationnsynéhronou§ with a logiqg; sum.Po
of the reference phase pulse.signalg_PUO, Pyo. and P..
The coil éﬁergization-timihg'uhder_the above.'
condition will nowﬂbe;describedﬁf.Eaph of the pulse

25 signals P, representing a logical sum of the signals

0

PUO’ on and PWO is generatgd.each tlmg_thg_wavefqrm
of each of the_falling-induced_voltages,EU, Ev and EW

crosses the level of the power SU?91Y,?9;F399 Vee.



capaci t.or 25, which repeats the charge:di séharge cycle, is 8ischarge€d whén "¢
the retation Vco [err] is reached to set 3ehe flip-flop 24 through the OR
gate .23 to which the pulse signal PO is applied. Thus, as shown in 20
Fig.n 2 the termnal voltage Vco of the capacitor 25 changes in a relation

h ' | ogy cal P h f I [ I
Lerr] Td et S ; Ohe, ntbE pRgRatiopd B St RORRE, RY 86 I 0. be
d i bed. h €.:@5 . Si oS- 5 0L € ' | cal
of “the si gndPISRARF) LAFePUaTCoE) an® EIBE R ScBIY lad Gt SoEM 208 .0 TRE £2, 00T

falling i”d%§£9a¥9&%§9§§ Lgﬁ%%t%r9§§e§h5@%é4@§§cﬂ%réggcgefgri§UDp|y

vol t age Vcc. s, the pul"se signals re generated at an

angul ar int e ripal glee 140.pd. eamp@,qéte ~3a repeats
its charge- ﬁ%ﬁ%?ggi‘g?c ge?ntgl)a)ng%rﬂo%i g(rin@v?/ith t'h're1 pul se si g%gl Po, and one

cycle 5 oprr&sPpaspohdst 88 gheckibedr i2dal anef1el 29f e120°. Thekusyhen the .
charge-di scharge ratio of the capacitor 25 is set at 3:1, the delay tine T

set by the dghéy thBEchathbhgisthatge Fatdlo el ¢op&eitbecksi cal angle
of 30. Therefore, the manner of drive coil energization 10 is such that,

after the | apseset hbe3pgr,i eHeoliellaye tImeo extorisl nghé odébayekdnier i cal
angle of 30[err] after the
setting circuit 5 corresponds to an electrical angle of.
30°. = Therefore, the manner of drive coil energization
W 10 is such that, after the lapse of the periog_of time T
corresponding to the electrical aﬁgle of 30° after the
waveform of the voltage induced in the drive coil pf the
frist phase crosses the lével of the power supply .
voltage Vecc, energization of the drive coil of the.
15 second phase is stafted, and, aftér the period of
time corresponding to the electrical angle of 120°
fu;ther.elapses, energization of the drive coil of the
third phase is started. Thus, on the basis of:the'
energization period of time of a drive coil of the
20 present energization phase,'the energization timing
and energization period of time of a drive.coil of
a next energization phase are determined. Therefore,
any variation in the rotation speed of the brushless
motor can be very accurately followed up, so that the
25 optimum energization timing and period for the drive
coils of the individual phases can be maintained.
Further, the brushless motor'd;iving system has an

additional merit from the viewpoint of costs, because



wavef orm of theé voltage induced in the drive coil of thetfrist phase-*e s .
crosses the level of the power supply voltage Vcc, energization of the '
drive coil of the 15 second phase is started, and, after the period of tine
corresponding to the electrical angle of 120 further el apses, energizatio

of the drive coil of the third phase is started. Thus, on the basis of t’ﬁ‘é
energi zation period of tine of a drive coil of the 20 present energization
phase, the energization tinming and energization period of tine of a drive
coil of a next energization phask are determined. Therefore, any variation
in the rotation speed of the brushless notor can be very accurately _
fol | oned up, i§8 streucture is mplmmndnétgrmnﬂs i vexy) smddlperiod for the
drive coils of the |nd| Vi dual phases can be maintained. Further, the

brushl ess moPBIOEF 9% tgm rﬁ%sammson&lsmwca%%e viewpoint
of costs, be(éggse - 17- str cture | _ 9552‘2% ‘:'e‘;’tlﬁe gl res a very |
smal | nunber r%’]ﬁ s‘H}# S ner gi zati on
timng and pegio ' he_i vi dual .phases depend only f
on the curre%‘f’é dt&"ﬁ rﬁé‘a %ﬁg %‘éﬁ’o%%g’e h%?ntgepend on the
capacidg ance 4 5 e t he reference

pacig fl.'[ag@e i sﬁ.ﬁ:@é%&m" anf°d8"fot *lfedeﬁ&.bﬁ Qe

vol tages [err
capacitance value of the capacitor 25 and the levels

of the refere’nce'voltages VH and V the brushless

motor driv:.ng system can be eas:.ly des:.gned and can u
operate w:.th hJ.gh rel:LabJ.lJ.ty. o ' |

10 It will be apparent from the forego:.ng -
deta:.led descr:.ptlon, that in the present brushless
motor er.vmg s_ystem the voltage's_,_ J_.nduced in the drive
coils of "th_e motor aredetected to sequentially switch
over energization of the drive coils. Therefore,

15 provision of a rotef position sensor such as a Hall
element required hitherto for "detect:ing angular
positions of rotation of the rotor is unnecessary, so
that the costs of 'essoei_ated parts and the number of
connection wires can be decreased. Further, in ‘the

20 b_r_ushle’s's. motor driving sjst_em the manner of producing
the energization switching signals used to switch over *

energization of the respective drive coils of the



nmbt or driving system can be easily designed and can operatew t h*hi gh
reliability. 10 It will be apparent fromthe foregoing

det ai-l ed description, that in the present brushless notor driving system
the yol tages induced in the drive coils of the notor are detected to
sequentially switch over energization of the drive coils. Therefore, 15
provi sion of a rotor position sensor such as a Hall elenent required
~hitherto for detecting angul ar positions of rotation of the rotor is
unnecessary, so that the costs of~ad8o&i ated parts ‘and the nunber of

~connection wire an b eGr d. Further .in . DI Ys S not or
driving system %oﬁaﬁﬁegucg} %ﬁgg el ;%‘et E’gs%%e?ég?&;a%&)oeﬁl% éghﬁﬁ?si gnal s

rofiu

used to switch %%ggi%%%gg é)fdfihfe E%Eﬁeﬁfi&?e (ig;a\gé'c%gs of the -

18 - notor is s e basis of the period time of energization

of a drive coil eergBgaPldsinihG ARE et AR1sh PG RN SEeRORG! Zat i on

period of time for & drive coil Of a next “"energi zation phase are set. 5

Therefore, any vy at Hivé iedilCof PEaibstf ehbeghzatide phase! arecsst be very
accurately followed up, so that the notor can always be driven at optinmum

energi zatson ti Mhegefbué} haty, vabfatiors lincthenspeed df \theg bsushlesdias an
additional nerit, since its structure is sinple
motor can be very accurately followed up, so that the
motor can always be driven at optimum energizatioﬁ
timing. Further, the brushless motor driving system
has an additional merit, since its structure is simple
10 and it can operate without depending on the operating
characteristics of external accessory parts in setting
the energization timing. Therefore the brushless -

motor driving system has a merit of reductions in cost

and yet it can operate with high reliability.
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10 “ and it ‘can operate w thout depending on the operatlng
characteristics of external accessoa parts in set amgmmﬁnmlaﬂ| on
timng. Therefore the brushless nmot& —driving syst _
reductions in cost and yet it can operate with high felfabili"ty® * 9 &

L M S CLAIMS: 1. A systemfor driving a brushless nDtor

conpri si ngLAIMSrality of notor drive coils of a plurality of phases

respectively; a plurality of drive transistors connected to said drive

coils resﬁectlvely,AmﬁXﬁkﬁQuﬁQﬁldﬁﬂ%kmgchlhguéhiéﬁﬁtHsé§GEnt|aIIy

suppl yi ng a plurality of energization switching signals to said drive

transi st oCOMPEdFANIvel y so as to switch over energi zation of said drive

coils; reference phase detecting neans congarln vQl tages. i nduced,in said
¢ 1H§t89

drive coils with a FoR¥MALHEY Qb BARRr gy laef%]r‘b‘h% iB¥ase of

-rotation of_the rotor of the tor, thereby generating a plurality of
referencecﬁhéﬁgﬁﬁﬁsﬁ?§ﬁ ¥Wrespond|ng to said plurality of phases

respectively; energi Zatl'x?r“af”%;} 0k "8 P B JROELALY DI TR tea to

| said drive c01ls-respect1vely,
| ‘an eﬁergiiation'SWitching'cirehit sequentially
supplying = & plurality of-ehergizatibh switching
signals to said drive transistors respectively so as W,
to switch over energization of said drive”coils;"
reference phase detectlng means comparlng ;!

voltages induced in sald drive coils w1th

a power supply voitage for detecting a reference
phase of rotation of the rotor of-thé”mdtor;'thereby
generating a plurality of reference phase pulse signals
corresponding to said plﬁrelity of phases respectively;
energization switching pulse generating means
for generatiﬁg a plurality of'energizatiqn switching
pulse signals correspending-to said plurality of
phases respectively, when a predetermined delay time has
elapsed from the generation of said reference éhase .
pulse signals; and
delay time setting means for setting said
predetermined delay time to a value proportional to
a period of time from the time of generetion of one

of said energization switching pulse signals corresponding



-

for generat| ng a plurality of energization swtching pul se si aI S
corre?pondl ng to said plurality of phases respectively, Wnﬂmi'”m mu”
preg;_l.e erm ned delay tine has el apsed fromthe generation:o m#m,
phage. pul se signals; and delay ti rrezi’ettl ng neans for setiti ng Sai

predeterm ned delay tinme to a value proportional to a period of tine from
the time of generation of one of said energization swtching pul se -signals
correspondi ng -20- to a drive coil of one phase_and the tine of

generati ont®ta apBredtosRict bk PhESC BndNARE £ Pl T2 %érﬂz‘}a{:forpﬁfuéﬁé g &44d N9 a

de- energl zation time period of a drlve coil of the next phase
reference phase pulse signals occurring during a de-energization time

period of a drive coil of the next phase.




